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Effect of n value on Formability
of Al—Mg Alloys

Hidetoshi Uchida and Hideo Yoshida

The strain-hardening coefficient, n value of Al—Mg alloys is not constant with strain, since it

increases to a maximum and decreases. The changes of n value and microstructures during tensile

deformation suggest as follows. When n value increases with strain, dislocation density increases.

When n value is stable with strain, microstructures change little. When n value decreases with

strain, the formation and growth of dislocation cell structures occur and cause to dynamic recov-

ery. The stability of n value is more important than the maximum n value to obtain good

formability. The alloys having stable n value with wider strain region are considered to be the

materials with better formability.
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Tablel Chemical composition of specimens (mass%)

Specimen Si Fe Mg Ti Al

Pure Al 0.03 0.05 <0.01 0.03 bal.
Al-1.5Mg 0.02 0.04 1.47 0.03 bal.
Al-3.0Mg 0.03 0.04 2.91 0.03 bal.
Al-4.5Mg 0.03 0.04 4.45 0.03 bal.
Al-6.0Mg 0.04 0.05 5.99 0.03 bal.
Al-7.5Mg 0.04 0.05 7.46 0.03 bal.
Al-9.0Mg 0.05 0.06 9.23 0.02 Bal.

*The contents of Cr, Mn, Cu and Zn are less than or equal
to 0.01%.
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Fig.1 Schematic diagram for calculating n value
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Fig.8 TEM structures of strained pure aluminium
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Fig.9 TEM structures of strained Al—3Mg alloy
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Fig. 10 TEM structures of strained Al—9Mg alloy
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The Effect of Precipitation of Second Phase
Particles on Cold Workability in
Al—Zn—Mg System Alloy~

Shinichi Matsuda** and Hideo Yoshida***

Japanese Industrial Specification recommends Al—Zn—Mg alloys are annealed at 688K fol-
lowed by furnace cooling. However sometimes the cold working (drawing or rolling) of annealed
material in the above condition becomes more difficult because of natural age hardening. In this
study, the effect of annealing temperature (493-683K) on both mechanical property and cold
workability in annealed Al —Zn—Mg extruded bars was investigated from the view point of
precipitation of second-phase particles. The maximum elongation was derived in the case of
annealing this alloy at 500-550K, and both tensile strength and 0.29 proof stress became lower
than those of the material annealed at 682K. Changing of the hardness of the material annealed
at 573K or less was not observed. The material annealed at 548K can be rolled up to 95%
reduction without edge cracking. However, edge cracking was occurred at 80-85% reduction in the
material annealed at 683K. A lot of particles with a diameter of about 0.1 um, which are
estimated ad MgZns — phase precipitates having no coherency with matrix, were observed in
annealing at low temperature. While, these particles were reduced at annealing at 683K and
solute atoms increased. The reason why cold workability of materials annealed at low
temperature was improved is that homogeneous deformation occurs and shearing fracture is
inhibited because of dynamic recovery around particles.

m***
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Fig.2 OM and TEM structures of the specimen
in an as-extruded condition.
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Fig.9 The relationship between hardness and reduction of
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Fig. 10 Microstructures of the specimens annealed
at 683K and 548K respectively.
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Fig. 11 TEM structures of the specimens annealed
at 683K and 548K respectively.
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Fig. 12 EDX analysises of the precipitates in the
specimen annealed at 548K.
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Fig. 16 TEM structures of the specimens annealed at 548K and 683K respectively
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Effect of Cu and Zn on the Intergranular
Corrosion in Strain Hardened
A5182 Aluminium Alloys

Hiroki Tanaka, Shin Tsuchida and Seiichi Hirano

Effects of Cu and Zn on intergranular corrosion sensitivity (IGCS) have been investigated in

the strain hardened and stabilized 5182 aluminium alloy sheets.

1GCS decreased with an increase in Cu content. However, in Zn bearing alloys, IGCS was the
highest at 0.5%Zn with the intermediate annealing at 773K in a salt bath, while IGCS decreased
with an increase in Zn content when the intermediate annealing was carried out at 623K in an air

furnace.

These results were related to the precipitations in the grain and the grain boundary. The IGCS
was enhanced S phase (Al:Mg:) and Mg —Zn precipitates in the grain boundary, while T phase
(AlsMg«Cu) and Mg—Zn precipitates in the grain suppressed the IGCS.

The IGCS had a linear relation to the potential difference, (Ep—Ep’), which was calculated

from the anodic polarization curves.

1. #®
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hoAERICE S TIREVHRICEREIN TV S,
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TW3Y, —F, KESIIEHEEICHEER & L THA
ENTWVW3, Ll, OBESHENHFLL, 8
R E LTbNn Ak, FOaEBEEKOm MM
LCRABEEEMNE G, A BREY BT, BN
OB O MTRINA Al—Mg —Mn &&BER O KA E
A BIETEELRE L, TITE, Wkl
TINTTE LM T BV TZ{bd 3 SO AR ER

+ RERIAE 85 ERAS (1993.11) TEFRER
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Tablel Chemical compositions of the alloys investigated.

(mass2%)

Alloyl Mg | Mn | Cu Zn Si | Fe | Cr | Ti | Al
1| 48 044 |<<0.01]<0.01]0.09| 022|001 | 0.01 |bal.
2 |49 1045 | 014 | <0.001;0.09 | 0.24 | 0.01 | 0.01 |bal.
3149 |045| 030 |<0.01}0.09 025 0.01 | 0.01 |bal
4 49 | 045 | 049 | <0.01|0.10 | 0.26 | 0.01 | 0.01 |bal.
5 | 4.6 | 042 |<0.01} 0.12 | 0.08 ] 0.24 | 0.01 | 0.02 |bal.
6 | 47 042 <0.01] 051 | 0.08]0.24 | 0.01 | 0.02 |bal.
7 1 4.7 042 <0.01] 1.0 | 009 025|001} 0.02 |bal
8 | 48 | 042 1 <0.01| 2.1 | 010|025 0.01 | 0.02 |bal
9 48 104 ) 015 | 0.10 | 0.09 ] 0.23 | 0.01 | 0.02 |bal.
10| 46 {0451 0.15 | 0.51 | 0.08 | 0.24 | 0.01 | 0.02 |Dbal.
11| 48 {045 0.15 1.0 |1 0.08 ] 0.24{0.01 | 0.02 |bal.
121 49 1048 | 015 | 20 |0.09|0.250.01| 002 |bal
13 | 5.0 | 047 | 0.30 | 0.10 | 0.07 | 0.25 | 0.01 | 0.02 |bal.
141 47 | 0411 030 | 051 | 0.06 | 0.24 ] 0.01 | 0.02 |bal.
15 | 46 | 041 0.30 1.0 [ 0.0810.25| 0.01 | 0.02 |bal.
16 | 48 {044 | 0.30 2.0 | 0.09|0.25 | 0.01 1 0.02 |bal.

773K —5h 713K —10s
623K ~2h
443K —2h
62.5% 70%
Homo. HR CR 1A CR FA

Fig.1 Production sequence of the specimens.
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K—2h O pEEGLE L 7o 88l % B TH2 (Process B) #
LKL T B,

2.2 EFNRICLEEESR

WAL+ UL 01%, 7 vER03%EPA 4 K
WIS LT pH2.5 1 Lic e F VRIS B AR H = 5
il 7o & FUHE 368K imE L T, 30X30mm ]
WrlLic7ri=vaseslBiAe s bic, 1000ml 4
SR ANTERL, 31K 156d i L ¢, &
BRI oRBR A oBfic X AEBEENEL 2, B8R
FR&EohLD7TE Ny TELBEL, e
RIC10% ) v B+ 7 o ABRJKIAIC 353K —4min &
HETEIECHEAERYEREL, BRBLTHOHER
ZHIRE Lt
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KRB RERRELE—EICT A0, 55000
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Table 2 Mechanical properties of the alloys.
Process S Process B
Alloy | T8 Y.S. E T.S. Y.S. E
(N/mm®| (N/mm?)| (%) |(N/mmd|(N/mm®| (%)
1 392 319 9 378 301 9
2 413 340 8 393 316 8
3 430 367 8 384 311 9
4 451 385 9 400 322 8
5 383 313 10 388 3n 9
6 406 333 9 396 319 8
7 428 361 6 394 322 9
8 447 367 8 370 316 9
9 408 332 8 388 30 9
10 411 329 7 382 308 9
11 432 350 8 312 305 8
12 443 364 7 362 309 8
13 434 359 8 398 308 8
14 426 343 6 386 308 9
15 422 345 7 368 306 9
16 436 375 3 352 299 7

7L, & 5T 298K D 30% B T 60s HHFIMLEE L 720

B 0.1mol/dm® DI b F b U v AVKBHK A, BT
pH3.0 Wi L CEBfm & Uic, e, BaE
BRI AR v 2 VEMRE BV T, BAHRS EE 10mV
/min T7 / — FA@iR &= JE Lo

BIRROMSHE L 7 VT~ # R % FE 200ml/min
THIhREZAL LWL DT o, BREBREBEMIE
ETHETOH0min i, KBFEZRLTKEL, &
RIEBEBA L, 7T Y HROKREAA, RIFET
kT L 1o

2.4 FHEEZR

BERREO 3 7 oflflEERE, LM E cEEY
TR > WT, N7IFBEERY OFEM Ty F v 7%
¥PFWIT -7 F/, MMEEE 200kV O FERTE B
METITHEBE LRE Ui, BEER S, W1,
AFNTNI=N 2 OLROBESE (253K) ZH0WT
V= MR TIRRIL 7o,

2.5 ESHTHIRAIE

443K DEHBJLERIOFE L VT, FRERE 5K/
min KB W, B4 (DSC : Differential Scanning
Calorimetry) BhfRAZR» 72,

3 B B R

3.1 HmpoE

Table 2 1< 5 OBMPIME 2R 4, AW O
SOEHENICBWT, STERMTE, iR #HHEOR
I nsERR S B X G A L 7o A5, B TEM T
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Fig.2 Weight loss in the immersion test for the alloys
with various Cu and Zn contents.
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Fig.3 Microstructures in the LT —ST section of the speci-
mens produced by process S after corrosion test.

Cu 0% Cu 0.30%

Zn 0%
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100um

Fig.4 Microstructures in the LT —ST section of the speci-
mens produced by process B after corrosion test.
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Fig.5 TEM microstructures of the T phase in the grain of
alloy 2 produced by process S.

Process S
st ——Alloy 8 (Zn:2.0%)
X
w
Ia
=
w L 4
Alloy 6 (Zn:0.5%)
350 400 450 500 550 600 650 700 75
Temperature (K)
Process B
st
X
Lf Alloy 1
o
= h
w b Alloy 6 (Zn:0.5%)
)
Alloy 8 (Zn:2.0%)
I 1 1 i I 1 . I

360 400 450 500 550 600 650 700 75
Temperature (K)

Fig. 6 DSC curves of Al—Mg—Mn~—Zn alloy sheet before
final heat treatment at 443K.
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Fig. 7 TEM microstructures of the precipitates after inter-
mediate annealing for 2 hours at 623K in alloy 8.

REOFEVWIHIET 5 EEZL 5N 5,
ETAT, Fig. 21" TIBAEREOR/NG, LASBM

HLORIERERBELA D SOATIE, BMICEET 32
—0.6 — R
Process B
—0.7F TCU=0,5% (Alloy 4)
—0.8 Cu=0.3% (Alloy 3)

T Cu=0% (Alloy 1)
(mV vs SCE)

—-08+ Alloy 1]Alloy 3] Alloy 4
Ep|~762~724—725
Ep'|—782—741—739
-1.0 LS
1 10 100
Current Density (pA/cm?)
—06 AR R Rt
Process B
—0.7r Zn=0% (Alioy 1)
7n=0.5% (Alloy 6)
—-0.8
Zn=2% (Alloy 8)
(mV vs SCE)
—09 Alloy 1] Alloy 6]Alloy 8
Ep|—762—818 —
Ep'|{—782—832 —
—1.0 M S | F—— to——— T

1 10
Current Density (pA/cm?)

Fig.8 Anodic polarization curves for the test alloys
in 0.1mol/dm?® NaCl solution.
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Table3 Electrode potentials of aluminium solid solutions

and constituents®.

Solid solution Potential | Solid solution Potential
or constituent vV (a) or constituent V (a)
Mngla ........................ ;124 MnAlS ........................ w085
Mgzn2 ........................ _105 9995 Al ................... _085
CuMgAlyreeereeemeraeeeeees —1.00] Al+2 Culb) «reermmeeeee —0.75
Al+17n (b) ............... (.96 CuA12 ........................ -0.73
Al+5 Mg(b) ............... ‘0.88

(a) 0.IN calomel scale, measured in an aqueous solution of
53g per liter NaCl+3 g per liter Hz0; at 298K.
(b) Selid solution.

Ep b-fo oo — -
Ep't-f-—-——--—-- -~~~

Potential

Inflection point

Current density

Fig. 9 Tentative definitions of the pitting potential
Ep and Ep’. Three regions 1, I and I are
divided by Ep and Ep’.2
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—7, WAEMENE B 5L, 2EBRT 20T,
T/ = FOBESRICB W THLABMNERD L2 &P TE
9, Ep—Ep’ MV CH A AR LT 5 C &4
TEIHD -1,

b, #& &

A5182 AGHEROBAEHICE X 3T HlE L Ui
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5 NI,

(1) % 0.5%F cHMRML /c&&TiE, HoRmE
Ebic, SIEM, BIEMoLEhTDS, WAEAK
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ey, P2 TH (AlMgCu) ORRT £ I
D, BHELPLT VM (AlMg) ORIFE~D R H50 72
S BotetebEELONB,

(2) HESHBMAINEE TR, STEMD 0.5~1.0% D1
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Table4 Ep and Ep’ for the alloys tested. (mV vs SCE)
Process S Process B
Alloy
Ep Ep’ |[Ep—Ep| Ep Ep’ |Ep—Ep’
1 —757 | —718 21 ~762 | —1782 20
3 =702 | —715 13 —724 | —741 17
4 —705 | —T713 8 —725 | —739 14
6 —832 | —858 26 -818 | —832 14
14 715 | —1724 9 —746 | —757 1
16 ~T48 | —767 19 - - —
100
2 °
L
o
E
2 °
o /
o
°
2 10t /
o @
2 °®
w
8
: ../. ° °
o
2 A
= (CU10430%, anz.o%)
Process S
!
! 1 10 100

Ep—Ep’ (mV vs SCE)

Fig. 10 Relation between the weight loss and the potential
difference of the alloys investigated.
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ZALEYP Al—Zn—Mg—Cu R L &M T 32 2 &
T, BHIORAFrHsIEE i nEEL SN,
() 7/ — FoRREERIC B 1 B LR R A SEALE RS THRE
O EERTALBEN (Ep) S&MM&AEN Ep) &0
B (Bp—FEp) »k&EL A&, RIAREARSZH A
KELBBEEICH - 7o
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1 #1213, E. H. Dix, Jr., W. A. Anderson and M. B.
Shumaker : Corrosion, 15~2 (1959), 19.

3) R. Delasi and P. N. Adler : Met. Trans. A, 8A
19710, 11717.

4) W.W. Binger, E. H. Hollingsworth, and D. O.
Sprowl : Aluminum, Vol.1, ASM, (1967), 209.
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Effect of Thermo-mechanical Treatments
on the Stretch-flange Formahbility
of AA3004 Aluminium Alloy

Shin Tsuchida and Hiroshi Yokoi

The strain hardened sheets of Al —1%Mn—1%Mg alloy which were heat treated for the
solutionizing during the rolling processes showed the increases of tensile strength and elongation

after the partial annealing below 200°C. In these partially annealed sheets, however, the decrease

of formability was obviously observed after the additional cold working. The decline of the

formability confirmed by the hole expansion test was discussed in the relation with the

elongation obtained by uni axial tensile tests.

It 1s postulated that the very fine precipitates on the dislocation structures which were borne

by the low temperature annealing are the cause of the development of deformed micro structures

which intend to decrease the non-uniform elongation (local strain).
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Tablel Chemical composition (mass%)

Heat treatment

CR (0.35mm)

Si Fe Cu Mn Mg Al
0.22 0.44 0.21 1.06 1.28 bal.
[A] [B]

Cast l ] Cast
Homo ‘ } Homo
HR @mm) ‘ l HR @2mm)

’ CR (1.0mm)
Solution Solution

Heat treatment

CR (0.35mm)

Fig.1 Procedures for the test materials.
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Fig. 2 Tooling for the hole expansion test.
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Fig. 3 Hole expansions by the flat bottom punch.
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Fig. 4 Hole expansions by the conical punch. Fig.5 Mechanical properties of the test specimens annealed
in 0.35mm and cold rolled to 0.2mm.
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Fig. 6 Correlations of the hole expansion to the tensile strength.
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Fig.7 Correlations of the hole expansion to the local strain.
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Fig. 8 TEM structures of the test materials before and after the partial annealing.
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Fig. 9 TEM structures of the test specimens with and without the partial annealing.
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Sumitomo Light Metal Technical Reports, Vol. 37, No. 1,No. 2 (1996), pp. 26-30
Microstructures and Mechanical Properties of
SiC Particle/Aluminium Composites Produced
by Compocasting Process’

Tadashi Minoda** and Mok-Soon Kim***

The practicability of Compocasting process has been investigated. Al-Cu and Al-Si alloy com-

posites with 10mass% of SiC particles were prepared by Compocasting process to investigate the
physical and mechanical properties. As a result, the MMCs showed the excellent wear resistance
and low coefficient of thermal expansion compared with Al-Si matrix alloy. However, the strength

of the MMCs were equal or lower than that of matrix alloys because SiC particles reacted with

molten aluminium at its interface. Therefore, it is suggested to make an improvement on the

casting conditions.
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Table1l Chemical composition (mass?%)

Alloy Si Fe Cu Mn Mg Ti

Al—Cu
Al-Si

0.3
6.0

0.5
0.5

4.5 -
4.0 0.5

1.8
1.5

0.1
0.1

2.0
1.0

2 5 10 20 30
i T
53.5%
W
1 “}//’" A

Lig.+CuAl; 52.5%

[ ||

CuAlz —3

1200
864°K

800 {A

800

600

Al+CuAl, 400

400

53.2% ||| o
! |
50 °53.9%

Al 10 20 30

wit%Cu

40

at%Si

oK 20 } 40 . 60 . 8.0

. °F
=1 2500

L~

1400

1000

600

Lig.

1270°K
98.8%

Lig. + Al

Si

12000

11600

N

~99.5% |

AL

1.65%

1000

500

Al 20 40 60 80 Si

wt%Si

Fig.1 Equilibrium diagram of the aluminium end of the
aluminium-copper alloy and the aluminium-silicon
alloy®.
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Fig.2 Schematic diagram of Compocasting process.
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HEIC L 0 PR TR 12 um D SiC K F% 10massWHES
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TEBIL 7o (BRSO 0%i1ci B kD, Al-CuBE
£TIE610°C, Al-Si ZAEETIRZ600CIEBGEE %= #
LS, FELLSICHTE222@3LEP5W-<
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Fig. 3 Appearance of the agitator.

i z 3

(b) Al—Siallo

(a) Al—Cu alloy

Fig. 4 Dispersion of SiC particles.
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Fig.5 EPMA results of MMCs around SiC particle.
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Fig. 6 Effect of temperature on the tensile properties
of matrix alloys and their MMCs.
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Fig.7 Wear characteristics of aluminium pins and
cast iron disks.
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Fig.8 Schematic diagram of wear test.
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Fig. 9 Effect of temperature on coefficient of
thermal expansion,
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Quench Sensitivity of 6N01+SiC, Composites
Processed by Powder Metallurgy

Yoshimasa Ohkubo, Shinichi Tani and Kazuhisa Shibue

The quench sensitivity of 6NO1 alloys containing 4vol%SiC, with particle size of 2 and 10 pm

processed by powder metallurgy was investigated. The hardness of the composites decreased sig-

nificantly with decreasing cooling rate compared with that of ingot metallurgy 6NO1 alloy, i.e.

the composites exhibited higher quench sensitivity than that of IM 6N01 alloy. However there was

no difference in the quench sensitivity between the composites and monolithic powder metallurgy

6N01 alloy. So the change of quench sensitivity was caused by powder metallurgy process rather

than addition of SiC particles. On the composites and PM 6NO1 cooled in still air, coarse Si parti-

cles and coarse intermetallic compounds consisted of Si and Mg were observed on the powder par-

ticle boundaries. It was suggested that these coarse particles were preferentially formed on the

boundaries at slower cooling rate and the amount of solute available for precipitation strengthen-

ing during subsequent ageing was reduced. Consequently the quench sensitivity of the composites

became high.
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Tablel Chemical composition (mass) 120 -G~ CM(2)
, 10t P e
Si Fe Cu Mn Mg Cr Zn Ti Al 2 i 4./,1?’"*9?@:@ o 1M
5 100 A
pM* 056 010 010 0.04 075 004 001 001 bal s 90 s
IM 050 012 010 004 064 0.04 001 0.03 bal o gl /{fﬁ'//
[} [y
#) The matrix alloy of CM is the same to PM. E 70 + %//:/
60 -
. 50 < MW | NS | T
Soé:‘g%\::ehatment 01 1 10 100
Ageing time (h)
(a) Water quenched
Ageing 175°C—xh—>A.C.
100 - L 8M§2)
’ \ o F EO etV
h—— 3 80 - o—o’ —o— M
(a) condition A g /.-}T
s 0t
Solution treatment = O/--’C/
o ® 60 e o
630°C—1h  Quench interruption treatment 2 50 - ‘{‘——%”D—.—_ 3@(“&2
150~450°C for 3~5000s ; %.»A’l St
40
Ageing 175°C—8h—A.C. 30 el e it .
0.1 1 10 100

(b) condition B

Fig.1 Schematic diagrams of heat treatment
used in the experiments.
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(a) IRT £HI530°CTLh okt EO®%, e
ORANGRE, THbb, %H (AC), HWHZES
(F.A.C), Wk BW.QD, ki (W.Q) kD
BANL, 175°CTHRIL 2. £NZ2hD 520CH 5 300
°C % OV ELHEE 2, EIC0.5°C/s, 3°C/s, 60°C/s,
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Ageing time (h)
(b) Air cooled

Fig. 2 Age hardening behaviour of test alloys quenched
from 530°C and aged at 175°C.
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Vickers hardness
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Fig.3 Effect of the cooling rate on the hardness of test alloys
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aged at 175°C for 8h.
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Fig.4 Hardness after quench interruption treatment and

ageing at 175°C for 8h.
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Microstructure of test alloys after air cooling.

(a) CM @, (b) CM10), () PM and (& IM.

Fig. 6 Microstructure of test alloys after water quenching.
(a) CM (@), (b CM 10, () PM and (d) IM.
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Fig.7 TEM micrographs of IM aged at 175°C for 8h.
(a) Air cooled, (b) Water quenched,
(¢) EDX spectrum of particle A in (a),
(d) EDX of particle B.

R 2FEOCMMBELCHMARESERNT BIC>N
THEBELLRD LTV, $HbL, FEANESME
DEV, 2TED CM M KT 52 & CM () M2 E i3
EFEOWD, BAEEICL 3B 0E/LEERTH 5,
chicxl, IMPMTRBAEE X 2T D& LRI
RINE {, EBMTOEVESERLTVE, CMHM
& IM B ORI HEANBRZEOZER DS 5 T LW 50
ThH b, PMMTIEAKS LSS, IMMERIFEEX
THBY, BAEEMNETFTT 2K >NTCM#MEEE
B IcFLLBD LTV B,

3.2 BANBEHLEBRZROES

Fig. 4 I3BEA N ER:, W3 L A B oM s %2
CHE TR LR TH 5, CM (2) ¥ & PM M DRI
2, HV50#EDH 3 2R VT CHgRIZIZ & A EH
—THh, MMLoEHEMANCAEST 2, IhE,
CM (@) MBLIUOPMMEIMMEIOFHELRLT Y, &
Hbbh, WMANESHENEW L2EWKT 3, TIT,
HV 5 D& SiCRiTORET, Fig.2(@®) KD
SNBETH B,

3.3 fAEER

Fig. 5 (32 p oW QR & RESHIED ©
NP T B, Fig.5 (a)() D CMMB LU
Fig. 5 (¢) ® PM #ic 3K {bans il Hik By L
TWw3, —7%, Fig.5(d) @ IMMicizEhs@BH o
Wy, Fig.5 (o) KRERHITRTESER L CEENA S
HHONBEI DS, HHRERR TRV EPbh 5,
2BOCMMITBOTSICRTHME LLEELTY
328, WHEHDOKXXIZ10~20pm BETHHIC X b @
BEanhzERBROKESLEELAOND I ED D,
i3, BREBEKOBMKRATH L EEX OND, i
WRFPCEPMEBLTIMME bIEF L WEER T
b LNV, KRIT, ThoDKEM % Fig. 6 1K 7,
Fig.6 (a)(b) ® CM ¥ B £ U Fig. 6 (¢) D PM#MTH

34

Fig.8 TEM micrographs of PM aged at 175°C for 8h.
(a) Air cooled, (b) Water quenched,
(¢) Oxide on the boundary in (b,
(d) EDX spectrum of particle A on the
boundary in (a), (e) EDX spectrum of particle B.

Fig.9 TEM micrographs of CM (2)
water quenched aged at 175°C for 8h.

MEWC - 1ALEYBED ks, 25 (Fig.5) &

DILEMORBBHLLITED LTV,

Wi, BEARK, BERhL7oMRE TEM B L 7o, TFig.
TRIMMOERTH 5, HEHIBENET LSS
(Fig.7(a)), Cr, Fe, Mn & &L RN T sk
D Me:Si KT ot d 2B FABEEI 5, kLD
MIAXNTWE EBD, TORE—Fiicxy, s
KF43EEZ5N5, —F, Fig. 8O PMMIcBVT,
Zeiatt (Fig. 8 () W iHK S L& aski i B el
HLTWEE, KA (Fig.8(M) K@EFNHPED S
NIV, R LRELsEDhE &5 (Fig.
8(c)), ThoRFRIHMARATH S EBHBTH S,
WEAGERE DS 135 LM ARRR RO IR S
N5 T &t Fig. b OXFBBFEEEOBER & —H T b,
WERBROILAWENT LIER, ThoiE SihF
(Fig. 8 (d)) ® Mg & Si 2 ELHT (Fig.8(e)) TH
Be 5B, KEMICIZFig.8 () IKWRT LI B EE
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Fig. 10 Comparison of C curve between test alloys and

conventional alloys®.

Test alloys : 95% of maximum hardness.

(CM (2):HV 105, PM:HV 100, IM: HV 100 in Fig. 9
Conventional alloys : 9% of maximum tensile
strength.

ZoNBHMERIL oN LY, EEMICERED ST,
IM # D& EBIS - T, MAROHMMISER{ILED
» 53 Cr, Fe, Mn i &7z, Fig. 9w CM (2) @
ZE8% D TEM 8% 7R 7, CMMIcBLTIRBERFIC
SICHITHEEDT 2 EERVTFig.8(a) O PM #t &
£ EkRTH 5,

4. & =

BLER OE S WE» & CM # & PM D A UK
S IMMELOEV T EPHERE N, COBBLL
T, MBEEL» S CM M B LU PM Mic B 28Kk
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PET L, Bl SiP Mg SRS
OB LT, BEANRSZWSE R EMER
5T,
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DEHBEILBVWTENOSERDEIENTEL MLz, K
EERTIE, PEANEZM I L TCSICRTFOEELD b
MAETEET A LR IBRENEELBIEILT
Wi,

C HifE» S EM oA NS EREN T VI =
LGS L LT Fig. 1010/Rd, 22T, CM(2) #,
PM#f, IM# oD Chffid Fig. 4 b ok L2 &N
HV100, 100, 105 ORI T, BeAN PRI O 8 WEE X
DISYITHLE T B, DTV = A4 FEEERS
D 95%IHY T 2 CHIfRTH 5, IMMD / — X1 6061
L6063 DEICE LTV A DT L, CM(2) #B &
UPM M T 7075 & 2017 Oflicd 5 2 Easbh b,
CM#MBLUPMMOBANEZH X 201TE5E8L0E

35

Fig. 11 Wheel rim for mountain bike
made from 6N01+1vol% SiCp.
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5. X B 1t © fl

Fig. 11 X 6NO1 &4 1 vol % SiC K-+ (5um) %R
MUtEEME~ vy v 2 Y SCEBA L flT
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PO ELETL, i, o CiifRidEn
MBI L Twik, bbb, BANEZIENEE -
TWiz,

(2) HEMOBANBZIMHIPMMERETH -1,
PoT, PANBZHOBLESICOBMc LS I & &
DEPMEICLIVEELTWELDEEZ SR,

B) BEMBLIUPMMEZES LIS, MERR

WELOWEERHESED O, WS SIKTH &
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Effect of the Type of Elemental T1 Powders
on theMicrostructure and
Mechanical Property of Reactive —Sintered
TiAl (Mn) Intermetallics

Kazuhisa Shibue, Mok-Soon Kim,
Tsutomu Furuyama and Masaki Kumagai

Microstructural study has been made on Ti-40mol%Al—1.4mol%Mn and Ti~47.3mol% Al —1.7
mol%Mn intermetallics produced by a reactive-sintering using both Na—reduced Ti powders (Na—
Ti powders), and Mg — reduced and subsequently hydride-dehydride Ti powders (HDH — Ti

powders).

The microstructure of compacted mixtures has also been investigated. Both the compacted and

sintered microstructures have fine and uniform distributions for the two compositions, when

HDH—Ti powders are used as starting Ti powders. On the other hand, if Na—Ti powders are used

as starting Ti powders, the compacted structure contains a segregated area of Ti or Al alloys

which results in a coarse group of a: grains in sintered condition. Such inhomogeneous and non-

uniform structures are considered to reduce the ductility of sintered materials.

The elongation of sintered materials using HDH~—Ti powders is larger than that of the materi-

als using Na—Ti powders, due to the microstructural homogenity as shown above.

1. # £}

y —TiAl QEFETEERECELTB O, B
BB E LTHHSWTWS, Jokw, 48bRe s
ICBIEEIR OBRSIERICHEE s N T3V, ik
& O 2 SUSBER R IR S et b 2, #n
T Th A0 TENEELE LT h T3y,

FHOWE, v -TIAl ORISR L 2 EALTIR %
HHTETEBY, NET, B, S S B

HEY, B LS St L TER, TDRMT,

. Bk X odskitg, 41 (1994) 1 EEERAEHK
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Fig.1 Appearance of as-received powders.

(a) HDH-Ti (b) Na-—Ti

BAPELMICT AT EEEHNE L,

2. £ B A &

B F 7 vEyRiIciE, Na—Ti¥k & HDH - Ti ¥
EERHVI, ThEDF ¥ YEROAMMNS B & Ok
BEAFi% Table1 1R d, HDH-TiKicid, <7 %
VY ABLUERPEEAYE LTEEN TV, T
g, 2RvIF s rofllmicnt, MEtF s v
(TiCl) =7 2 v Y A TEILT A X WERL AL
27 & vy s (MgCly) XA E LTEDIAENLS
DTHb, —F, Na~TilpE T, +r Y v asER
BEEFNTVED, b, TiCLAF Y v aTE
TENI Eick b, MBFEELKT S E, BRTERE
BETH -1, HRC->WTIE, Na—-TiBEKRDHH
Zhrotce T, AlI-Mn&E&E2BEE~NYV LT ZT b
v RS L DBIOR AR U, Fig. 1 KAERIK
B EERR O BEEE 2/Rd, HDH-Ti BRIz
RBZEARIKRTH Y, —H, Na-Ti BERBRARELTH
DMAEEF TV, £, Al-Mn¥RBIEERIRT
HoT,

o F & vk E Al—3.6mol % Mn &4 B K
(LU, BEMED EE2BEWT, AIBE240BL 0473
YENBESIEGL, 7oRn—% ) —HOBAEE
HOTEE L, BoNBEAREREAE 2mm, HE
88mm, E 250mm DT VI = v A4 (A6063) i
BRI HER, HKESIO M ShicmEEERL
PESE EEEHER  7E 28R L2, FELT, T23Kx
10.8ks, 107°Pa LIT DA TEBNEEZEHSR L 1,
COBEZEEESMIE, BERNOARE & bIBERBER
MiCRE L TWAKDEERETEIEE, TOROT
BB aBbE5l-dacE2HKE LTV, 2D
%, EEEITS - BEL, AENOBETAERE LT
¥, EAEEHCHE Lo, MR 673K, FHIHE 6

(¢) He gas atomized Al--3.6%Mn

38

Tablel Comparison between HDH—Ti and Na—Ti powders.

Designation HDH-Ti Na—Ti
Process Magnesi.um reduct%on Sodium reduction
-> Hydride-dehydride
Maker Toho Titanium Co.Ltd. | Nippon Sodium Co.Ltd.
0 0.11 0.12
Cl 0.03 0.09
Na - 0.07
Impurities Mg 0.01 -
(mass%) Fe 0.01 <0.01
C <0.02 0.007
0.01 0.005
<0.02 0.001
Particle Size (um) <150 <150
Particle Size 10km 0.1 01
Distribution | 70~150um 60.0 54.6
(mass?%) | 45~T5um 33.5 28.2
—45um 6.4 17.1
Shapes of Powder Angular Irregular

Thb, INLOMEHMPONAE (BHEELTHVET
VizoasE) RUHIKREL, BEMmmX ES 10
mm OPERM & BT, < OIBERM % =R T OMHE
wioky, ERI0mmEKE L, T3V, ELy
b S OWIHRVDERIZ 8% TH » 1o, BEME+H0
el Uicik, DUGBERE 1T - 7oo RUGEEE RBSH T
TTEML, FEREE 1573K, B4 7.2ks, FH%
150MPa & U7z, 788, Fig.2 iz Ti— Al RIEHIRERN
DO—ERTH, T ORERIPAEBE AV Mn &,
WBTEBBIUENCE > TRESHEEEZIRVE
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ThIE, PSR 1573K Ik 1) 28 I3, 40%Al ©
FHETld, aBifE, 473%Al0EBETRa+ v DM
Th b,
BonhiFEEEHIco VT, BEIBERES X U
M X ABEE A ER L oo TEEER I EITER
1700 , ;

1600

1800
1500
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Temperature (K)
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1400
1100

1000 L
30 40 50 60

Al concentration (mol%)

Fig. 2 Ti— Al phase diagram.

DOER Smm, AR 15mm OMERBRE 2HVT,
EHBUE 8.3x107'S TfT - F2o TN, EH L5 v X
ROMUHICTRAEL, B ohikbl—EAliR, 53k
Wi, &5ic, SEM ok 2BHEEEL L U EPMA ik X
BIREA O 21T » foo Fho, BERIRNTIC & D HERH
B OERER A HE L1, Table2 1018 & Nz UG HEREH
DAL E TS, B, HDH-Ti¥KE & U Na—
TiHRE RO KIS TE 72 Ti—-47.3%A1-1.7%
Mn %% h#h H—47Al, N—47Al, 7, Ti—40.0%
Al—1.4%Mn % H—47Al, N—40A] & UEHR4 3,

Table2 Chemical composition (mol%).

Designation Al Mn Cl* or Ti
H—-47A1 47.2 1.7 0.02 0.10 bal.
N—47A1 474 1.7 0.06 0.09 bal.
H—40Al 40.2 1.4 0.02 0.11 bal.
N—40Al 40.1 14 0.06 0.10 bal.

% :mass¥%

Fig.3 Optical micrographs of reactive-sintered TiAl (Mn) alloys.
(a) Ti—47.3%Al—1.7%Mn, HDH~Ti (H—47AD (b) Ti—47.3%6Al—1.7%Mn, Na—Ti (N—47AD

(¢) Ti—40%Al—1.4%Mn, HDH—-Ti (H—40AD

39

(d) Ti—40% Al—1.4%Mn, Na—Ti (N—40AD
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Table3 Summary of microstructural characteristics
of reactive-sintered titanium aluminides.

. . Resulting Volume Grain size
Designation . .
microstructure fraction (pm)
Lamellar grains 0.4 107
H—47A1 . )
Equiaxed 7 grains 0.6 40
Lamellar grains 0.3 57
N-—47A1 . )
Equiaxed 7 grains 0.7 22
H—40AL Lamellar grains 0.98 73
Needle shape phase 0.02 -
Lamellar grains 0.60 55
N —40A1 Equiaxed 7 gr.ains 0.03 16
Coarse a; grains 0.35 -
Needle shape phase 0.02 -

Table4 Comparison of tensile properties at RT.

Yield Strength Tensile Strength Elongation

Designation  (ypa) (MPa) )
H~—47A1 370 475 1.5
N—47Al1 440 480 0.5
H~40A1 640 670 0.3
N—40Al - 520 0.1

3. 0¥ B B B
3.1 v ok

M O 3 7 ol E Fig. 3 KRS,

H-47A1 (Fig.3 (a)) BL U N—47A1 (Fig.3 (b))
TR, WTNOBEAD, v HTHkEh 3 I A
SKESM R EMOR BT 2T Ly 7 RO R L
T, oS EVWIEES N, H-47 08
S ASRE v R EODHPE—THEDITHL, N—
4TA T, Filihy BiOSEEE U CHABHFREEK L T

A
s

Wiz, 1, TSRO EPMA Ik 3 AL EEE®D
AHEBRMS S, 5 A SHIC-O>WVWTIZ H—47A1 & N —47

Al ETRERED -2, YR TAIRICEVWIED S
N, 74 & ORMEICEY v R OIS (Fig. 3 (a),
) ©1) T, WMETHEEE Al BE 47%) %
AREH, v RfEROPMNE (Kho ) T, Al#E
B3 H—4TALE R (2) T49%, Na—Ti#f (b) T 51
N A

H—40Al & N—40Al x>\ Tiz, #iE (Fig.3 ()
Tid, BETES A SHBEE > T, #E (Fig. 3
(@) Tid, 74 HBLACHKREEoN (T ;
EPMA #3#rfER, T DMK Ti—(36—38) %Al—
(12-1.D%Mn O TH Y, e &AHSNDB), Hiliy
hirds & OSHRHIRR (V) MBI

Table 3 ICHGIRITIC L DsRkDI 5 2 ShE, Filh v ki
BLUOHAK B OBRRERE, UM TR iR

40

ARG, 4T%AL T3, H—4TAl B XU N—4TAL O v K
OEEERIY, ThEFN06BLU0.7 &L, Eihy ke
BEERDF 2 7Ly 7 R E 7T > TV, fEERLEI
SWTid, Fig.3 THEs L&D IT, WTho&ab
ARy R LD BHATHD, T, N—4TAIHT—
47TAl X0 SEHITH - Fzo —H, 40%AIOBE, vH
OEFER L, H—40A1 TR0, N—40A1 TlX0.03 TH -
Tro BEDOES, 245513 0.6 TH R a hIn0.35 T
Hoto £, WTFNOESGERMEMAA 002 EEN
T o, BEERRBICSVLTE, 4T%Al D& EEERIC,
Na—Ti ¥ % H 72 N—40A] 75 H—40A1 X b &30
TH -1,

3.2 GlERAEME

RISBERE Ti—47.3% A1 —1.7%Mn B8 L U T1—40.0%
Al—1.4%Mn ¥ O ¥R 5 |iRFFE % Tabled IR g Ti—
47.3%A1—1.7%Mn Tlt, H—~4TAl B LU N—4TAL #f
DIHFNTBESPRKED - 1255, HPIT oW TIEEH
H1.5%, BENOLSBTH -7, —F, Ti—40.0% Al
14%Mn M T3, WENOERF & vIBEREMHL
ISHEEM B 0T, FERIEEV L0, [T
H—40Al BX U N—-40Al TFNFN0.3%, 0.1% &K
ote, Fiz, MR TIIERELZ KT 5 &, Ti-
47.3%Al—1.7%Mn #1132 T1 —40.0% Al — 1.4 % Mn ¥ i
e~z &, BENEL, MUPED -,

3.3 WHEERE

HIRD|EREBRS OREM LB E % Fig. 4 1T/R 3,
479 Al O SCBERER O R 5 R Of < id Fig. 4
(a), (b), H—47Al ®IFA, 5 A 5 h OREHMELE W
L7ohipaisE (translamellar B ; &EHIt) %, Bk
HEORHE I B 28 Gnterlamellar B3 ; KEHI 1)
DEES N, X5, yhoKREE (Rillg) 8L0

~NERBEE (RHIC) A LN, N—4TAl Tld, 7k
ORFRE &~ SRR L TV, £/, WEh

OWHEHICBWT S, Humd 2 7ox7 (KRHI1) »E
Eahid, FOBIZ Na—TiEMO I RHED - 1,
g, ¥7 37 0 vORNTFRBEINLILENH -1
(RHID,

—F, AlBEDX 0% OGS, H—40A1 TiEZ 4 SO
interlamellar £ & translamellar B8 I MZ T, ~
MRS S o, N—40ALl T, 3 2 FH
DN SDOBEIEIINA T, MK a D~ = BH i
(RHITk) DERFICBZE s N,

4. %
4.1 HABEREEREK
AEBICBWT, HHT 3BT 7 VR OREHIC &
D, RISHFHFEM O 3 7 offinRL 2 T EMHL M ER -
7o
9, 47T%Al T3, HDH-TiBK2HFHH L -&648d
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Fig. 4 SEM fractographs; (a) Ti—47%A1—1.7%Mn, HDH (H—47AD
(M) Ti—47%A1—1.7%Mn, Na (N—47AD
(¢) Ti—40%Al—1.4%Mn, HDH (H~40AD
(d) Ti—40%Al—1.4%Mn, Na (N—40AD

Na—Ti¥iEAaeLn b, 72 Fhé R & ONHBY
—TH-to 6T, THHNO ALBESHICEVIR
Do, 2%, A FKEORMIETHBETRE
FEIBETS ALEEE (47%) ZR972%, Rof.ofhiics
WTIE, ALJERE S H—47A1 4T 49%, Na—Ti# <51
% %R L1, Fig. 2 OIREERIC Jhid, AEEROD FEFER
BETHAHISKICBIT Ly Dsolvus 12 47.T% TH B
o, N—4TAIM T, H—4TAIM & 0 b v RiOHE
R OHES A TE 59, LD Al—rich 7 7
B EB-TWBEEEZL LN,
ARG, TikKE Al-Mn &&MEREORE
Mo, 800K 1 TH L 5 Ti+Al—=TiAl D ARG &,
ZOBOEE/BRE,L S ->TWE, oF 0, [EMEHO
PBMEREAL L TWE Y, ik HIP) &400E—0

41

ey, BEAERT O BURHEY R O IR AR Ay BERS 1R D MR AE R
WHENRSEEE 525 EEX 605,

T, RIGEET oM TIESHRME GREHE) ol
AT - 1o, Fig. 51C 4T%Al B £ U40%Al O—HF %R
4, Fig.5 (a) ® H—47AI# T, Ti (KdroREH)
& Al-MnBE UKEEH) BHE—Ick ALK -
FARER ST - TV B, X5, BERNICOFRICEY
FREEE RHlm) BEEsh3, JOVTIROM
frickn, TiHR#EMMcsanhTtw3, —K4, (b)
O N—-4TAIMTHE, TIMED 20 Al—Mn BRBA
DAL - 4 L - TV B OO, DEFRICETIK
BEfidiE s A BRSNS, T8 EEEEEZRL
TW5, BELfEBIZ 100pmB LicbEL TR,
TOEH AT TI OIS Al—Mn O E DR
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Fig. 5 Optical micrographs of as-forged mixtures.
(a) Ti—47.3% Al—1.7%Mn, HDH~Ti (H—47AD (b) Ti—47.3%A1-1.7%Mn, Na—Ti (N—47AD

(¢) Ti—40%Al—1.4%Mn, HDH-Ti (H—40AD

HE TOREEAR VDI, KBS TRk +5
wiEd, Bl F Al-rich Ty EB->-TLESBD
EEZONL, TORSHBOZR Fig.ltis5Nn3
FRLF & v BROERE, S/msREs L IcRRT 5 &
Aohd (K, Fig. 1icRLAxE S, HDH-Ti $
KiF Na~Ti¥yED b DIt~ T, BRMNEZHEFIRTH

D, BESTHOEAPLRHEN),

—7, 40%Al DFA, H—40Al TIRIEIE S 2 7 8
LI, N—40AllcBWV T}, 52 ShioEhIcHk
o AR GHAR ; Ti— (36—38)%A1—(1.2—1.7) %Mn)
PEES i, ORI TEEIRERIIC B 3 B 1573K
D B/(a+ B) O tie-line & 13IF—dT 5T &h b,
BElBIC fma—adbboiia—a OHEERELETE
BRLIicbDEEZ N D, N—40Al D a, ki D AR,
47% Al DIGE AR, BB RIC X 2EEHBOE
Witk bd, oFbh, TIOHEOEEICLEEELS
N3, £7, 40%Al T, Fig.3 (¢), (d) HoxHT
R & LGRSO AR T 002 EEL TV, T
DOEHREEEE 3 EPMA 2Fric L 3 &, Ti—28%A1—10%
Mn O TH D, Mnic & » TESE/LE N SRS B
Wid bee DHAKETH B EEZL SN,
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(d) Ti—40%Al—1.4%Mn, Na—Ti (N—40AD

4.2 240K7

wic, TikKhoER Y PRISEEEM ICE
FETHEAEES S, 27, HEBEOWMCLS
o X7 OWMTH 5, Fig. 4 DFERER®E OBH SEM
EERTHESNZLS I, OTFhoWEicB VT, ¥
Mm@ ¥ 7 o R 7SN, FOBI3 Na—Ti BKH
DHBEP -1, Th, ¥ 73170 v ORFLEESH
BIEDH o1, EPMAICK 2N OREER, choo
RT3 MgCla %% Wid NaCl TH 3 b D Ll & iz,
INSD 37 oR7 RRKIGEREPIC Ch o DEIIP K
LU, BUGHEREF QN &SPl 52 KX &R 7 2K
L, BEORTLLESEIMIHUEEL, FHLL
boLHRESNB, D, HHEEDD/H W HDH-
TiMRMOG R 7o R T OBHB DM bDEH
ZoNb, BB, TNO6DIZ/aRTHAKIzo vl
BRI TS 50, USSR TEZ TR0,
R AR o O SRR LS BRI ST « B L 7ok &
A oNb, Ti—6Al—4V B DR, F5 vIKROMH
Fic k BT, I 70 v ORTHERT ST
EWHEIN TV BDY, RETEIBERME S 5 VI8
EEOWHMTIC XD, FRO X 5 oW - 4
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HENTOWABDTHARR T RERSNBVEEZL SN
b, E5ic, WREOBINC X 2RO L% 2
b b, AERTHE, FHKOES, Na—-TiEKHM O
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Three Dimensional Solidification Analysis
of the Initial State of D.C.Casting Process”®

Yoshio Watanabe* * and Norifumi Hayashi* **

A three dimensional computer simulation program has been developed to solve the thermal prob-

lem associated with the initial non-steady state of D.C. casting process. The boundary conditions

needed for the simulation were investigated by using experimental data from D.C. cast of pure

aluminium slabs. The heat transfer coefficient (H) between slab surface and cooling water was

strongly affected by boiling phenomena and depended on temperature of the slab surface. However,

the temperature dependency of H at the point where the cooling water impinged on the slab surface
differed from that below the point. It became clear that H should be defined as different functions.
of temperature in two regions. The sump profiles which were calculated with H in this study agreed

fairly well with measured profiles in the initial non-steady and the steady state. The correspondence

between calculations and measurements under the different casting conditions was also confirmed.

1. Introduction

Temperature distribution in a D.C. alumin-
lum ingot under casting is closely related to
qualities such as macro and microstructure,
crack, deformation and porosity, et al.. There-
fore, several extensive thermal analyses™
have been performed to predict and optimize
the temperature distribution. However, most
of these studies are concerned with billets on
which computation can be performed in two-
dimensions. There are few studies® on rectan-
gular slabs which require fully three-dimen-
sional analysis.

The steady state thermal problem of the
D.C. aliminium casting has been solved by
using various models. At least in the case of
small diameter billets, correct prediction of
the temperature of the billets has been real-
ized. However, the thermal model in the initial
non-steady state of D.C. casting is rarely
found®, although many cast defects and prob-
lems tend to occur before reaching the steady

state. Furthermore, boundary conditions

* This paper was published at TMS AIME Light
Metals 1996.

No.2 Department., Research & Development
Center.

* %

*** Casting Technology Dept., Nagoya Works.
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under the non-steady state have not been well
known yet.

In this work, a fully three-dimensional ther-
mal model has been developed to calculate the
temperature of a slab during the initial non-
steady and the steady state of the D.C. casting
process. The thermal boundary conditions
were investigated by using experimental data
from D.C. cast of pure aluminium slabs.
Calculated sump profiles were compared with
measured ones to evaluate the reproducible
accuracy of the model.

2. The model

2.1 Modelling of the process

In order to simulate the non-steady state of
the D.C. casting process, a numerical model
has been developed by using a explicit finite
difference method. Fig. 1 shows the enmeshed
models of a D.C. casting slab. Due to symme-
try, a quarter of the slab was considered as
the simulation domain. The coordinate system
was fixed to the mold. The slab and the bottom
block were shifted downward at the casting
speed in the moving area. The mesh width of
the casting direction was divided equally and
the upper layer of the slab was assumed to be
the molten metal supplier. During the initial
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Fig.1 Enmeshed simulation model.

pouring period, the bottom block was fixed.

2.2 Thermal boundary conditions

The inlet temperature of the molten metal
was constant. Heat loss from the upper layer
was neglected. On the lateral and the bottom
surface of the slab, the cooling was repre-
sented by heat transfer coefficients depending
on the region and the temperature. Also the
cooling of the mold and the bottom block with
water was considered.

2.3 Thermal properties

The thermal conductivities and the specific
heats of the slab, the mold and the bottom
block were defined as functions of the tem-
perature.

3. Experimental method

Pure aluminium was cast into slabs under
the following conditions;

slab width: 540mm
slab thickness: 175mm
casting speed: 1.33mm/s
initial pouring period: 30s

inlet temperature: 680°C
water temperature: 20°C

2.0x107*m"%/s

bottom block material:  AAS052 alloy
Fig. 2 shows the schematic diagram of the
D.C. casting process used in the experiment.
The bottom block was fixed in the mold during
the initial pouring period. The thermocouples

water flow rate:

were embedded into the slab as shown in Fig. 3
to determine the surface temperature and the
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Cast length = 80mm

Cast length = 195mm

Cast length = 280mm

Cast length = 390mm

Cast length = 790mm

Fig.4 Change of sump profile in the center plane to the width side.

heat transfer to the cooling water and the bot-
tom block. Furthermore, an Al—50%%n tracer
heated to 680°C was poured into the molten
metal pool at the cast length of 80mm, 195mm,
290mm, 390mm and 790mm in order to meas-
ure the sump profiles. After casting, slice sam-
ples were extracted at the half of the width
and the Al/Al—50%Zn interface revealed by
etching was regarded as the sump profile.

4. Results and discussion

4.1 Sump profiles during the non-steady
state

Fig. 4 shows the measured sump profiles. In
the start-up phase (cast length = 80mm), the
solid-liquid interface was formed along the
mold and the bottom block. After the slab
emerged from the mold, solidification from the
lateral surface was promoted by direct water
cooling and the sump depth of the center in-
creased until the cast length reached about
290mm. This means that the heat transfer to
the bottom block is significantly low compared
with that to the water. Subsequently, the sump
depth reduced rapidly at the cast length
390mm and the sump profile became stable.
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Therefore, it was estimated that the tempera-
ture distribution around the solid-liquid inter-
face reached the steady state at a cast length
of about 390mm under the present casting con-
ditions.

The temperature was measured with the
thermocouples located at 100mm and 200mm
above the bottom (see Fig.3) to investigate
the non-steady state.

4.2 Heat transfer during the non-steady

state

The surface temperature (7's) and heat flux
(q) were calculated with the measured tem-

perature as follows;
TS(OC) =2T,—T:
g L2=T
q(W/m?) = l————-om
where A is the thermal conductivity of the
slab. In the calculation, one-dimensional heat
conduction was assumed.

The surface temperature and heat flux of
the bottom are shown in Fig.5. Because the
surface temperature gently decreased, a very
low heat flux was observed. This caused the
increase in the sump depth during the non-
steady state observed in Fig. 3.

Fig. 6 shows the surface temperature and

(1)
(2)
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the maximum heat flux became. The surface
temperature which was 150°C in the steady
state increased to 500°C with decreasing maxi-
mum heat flux during the non-steady state.

At the non-steady state of 100mm above the
bottom, the second peak of the heat flux ap-
peared at 150°C which was the same tempera-
ture as that observed at the water hit point in
the steady state. However, the heat flux of the
second peak was approximately one-fourth of
another state at the same temperature. This
means that heat transfer to the cooling water
depends on not only the temperature but also
the vertical position on the slab surface.
Therefore, the vertical position was divided
into two regions; the water hit point and the
region below the water hit point. The maxi-
mum heat flux was obtained at 150°C in both
regions.

As is generally known, the heat transfer
curve concerned with the cooling of a solid by
water is divided into four stages; natural
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Vertical position, mm
(¢c) Measured at 100mm above the bottom of slab.

Fig. 6 Measured surface temperature and heat flux
in the center plane normal to the wide side.

convection, nucleate, transition and film boil-
ing. When the surface temperature of the solid
is much higher than the boiling temperature,
the boiling film covers the surface and pre-
vents heat transfer from solid to water. As the
surface temperature drops, the heat transfer
is governed by nucleate boiling and reaches a
maximum at a critical temperature.

It was indicated that the critical tempera-
ture was 150°C in this experiment.

4.3 Boundary conditions for the simulation

4.3.1 Boundary conditions on the surface

of the mold and the bottom block

The heat transfer coefficient was defined as
a function of temperature based on the meas-
urement in view of the effect of the contact
condition with the slab (or molten metal).
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{2) The heat transfer increases with the de-
crease in the surface temperature when it is
greater than 150°C, and conversely decreases
when less than 150°C.

(3) The heat transfer at the water hit point
is greater than that below the point.

Consequently, when employing boundary
conditions presented in Fig.7, the sump pro-
files during the non-steady and the steady
state were reproduced by the model as shown
in Fig. 8.

4.4 Verification

To examine the reliability of the model, the

Calculated sump profile

Measured sump profile

195mm 290mm

390mm 790mm

Cast length

Fig.8 Comparison between calculated and measured sump profiles
of the 175X 540mm slabs cast at 1.33mm/s.

4.3.2 Boundary conditions in the water
cooling region

As described above, the heat transfer be-
tween the slab and the cooling water during
the non-steady state was significantly compli-
cated due to the boiling phenomena. There-
fore, the investigation of the heat transfer
coefficient was carried out according to the
following instructions derived from the experi-
mental results.

{1) The heat transfer is defined as different
functions of temperature at the water hit point
and below the point respectively.
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comparison of the calculations and measure-
ments under the following casting conditions
was carried out.

case 1 casting speed: 1.00mm/s

case 2 casting speed: 1.67mm/s

case 3 casting speed: 0.72mm/s
slab width: 1050mm
slab thickness: 500mm

(Other casting parameters : the same as the
experiment for the study)

Fig. 9 shows the results of case 1 and case 2.
The effect of casting speed on the sump profile
was accurately reproduced by the model. In
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Fig.9 Comparison between calculated and measured
sump profiles of the 175X 540mm slabs cast
by different speed.

addition, the calculated sump profiles of vari-
ous sections in the large slab (case 3) were
also found to be in good agreement with meas-
ured ones as shown in Fig. 10.

It was confirmed that D.C. casting of pure
aluminium can be simulated by the present
model.

5. Conclusions

A three-dimentional thermal model was de-
veloped by using the finite difference method
in order to simulate the D.C. casting process
during the non-steady and the steady state. In
addition, boundary conditions during the non-
steady state were clarified by casting tests of
pure aluminium slab. The present model and
the boundary conditions were applied to some
casting cases. Consequently, it was confirmed
that the change of the sump profiles during
the initial non-steady state can be quantita-
tively reproduced by the present model.
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Center of __]

~—— Surface the wide side

—— Calculated sump profile

¥ Measured sump profile
Center of the narrow side

f

45mm from surface of the wide side

Fig. 10 Comparison between calculated and measured
sump profiles of the 500X 1040mm slabs cast
at 0.72mm/s.
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Effect of Casting Conditions on the Butt Shape
of DC Aluminium Slab”

Masanori Tsunekawa* *, Norifumi Hayashi* * *
and Teruo Uno****

The effect of casting conditions on the butt shape of DC aluminium slab was investigated by the
measurement of the butt curl, the bow (=concave) and the bow position after casting. As a
result, the butt curl started from a secondary cooling point and increased with the side shell
growth. For example, butt curl increased with casting speed and casting temperature. Also, it be-
came clear that the bow occurred by inclining of the narrow side shell to the inside. Therefore the

bow and the butt curl were understood as one action. The relations between the bow and the cast-

ing conditions had a same tendency as that between the butt curl and the casting conditions. In
addition, the bow position was seriously affected by the effective mold length (=metal level) be-
cause the bow position depended on the length between the secondary cooling point and the top of

the narrow side shell.

1. Introduction

The start-up phase of DC aluminium slab
was coupled with special problems.The butt
curl was led by high stress at the water cool-
ing point, which reduced the rigid standing of
the ingot on the starting block, and caused a
run out of the metal through the bottom shell
and cracking on the ingot butt " *. The bow
was due to the deformation of the ingot’s nar-
row side surface. This bow caused hot tears,
surface segregation and run out of the metal.
Also, the reduction of ingot width was unde-
sirable for ingot butt cutting and scalping re-
covery.

So far it has been reported that the butt curl
can be reduced by using Pulse Water Cool-
ing®® and CO: Process™® techniques. Howev-
er, there are few reports about the relation of
the butt, the bow and the bow position. In this
paper, relations between the ingot butt shape

This paper was presented at the 86th fall meeting
of Japan Inst. of Light Metals held in Hiroshima
on March 11-13, 1993

* x Casting Plant Production Dept., Copper Works

* ok ok

Casting Technology Dep., Nagoya Works

No.1 Department., Research & Development
Center; Dr. of Eng.
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and the casting conditions, such as mold set-
ting conditions before casting and initial cast-
ing conditions, were clarified.

Table 1 Experimental conditions for casting.

Alloy A3004

Ingot size (mm) 550 X 170

Metal temp. (°C) 700 ~ 760 (730)

Casting speed (mm/min) 60 ~ 100 (80)

Water flux (£/min) 80 ~ 160 (120)

Metal level (mm) 40~ 90 (T0)

() Standard condition

2. Experimental procedure

Casting trials were carried out with 3004
alloy and 550 X 170mm slabs. The experimental
conditions are shown in Table 1 and Fig. 1. The
factors investigated comprised eight variables
which included casting temperature, casting
speed, water flux, metal level, bottom block
overlapping height in the mold, bottom block
depth, side-glasscloth height on the mold wide
faces, and setting glasscloth on the bottom
block. The glasscloth was formed with 0.56
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Fig.1 Mold setting conditions before casting.
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Fig.2 Method of butt curl measurement
by an inductive transducer.
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Fig. 3 Manual measurement of butt shape after casting.

mm® pore size. The bottom — glasscloth area
was 80% of the bottom base. In this work,
casting speed and water flux were constant
from the start of the casting to the end. Also,
the shell growth was investigated by feeding a
zinc tracer into the metal sump.

Fig. 2 shows the measuring method of the
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Fig. 4 Curling behaviour under various casting conditions.
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Fig. 5 Relation between curling velocity and k
curl under various casting conditions.

butt curl using an inductive transducer during
casting. After casting, the butt curl, the bow
and the bow position shown in Fig. 3 were also
measured with a ruler under each casting con-
dition.

3. Results

Fig.4 shows that the curling started when
the butt left the mold and entered the direct
cooling zone (cooling point). For example, the
cooling point was located at 30mm casting
length during casting speed testing, and the
point was located at 30mm, 45mm and 75mm
during side— glasscloth testing. Up to 100mm
casting length from the cooling point, the butt
curl increased slowly and was saturated after
that.
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Fig. 6 Effect of each casting condition on measured curl.

Fig.5 shows the relationship between the
curling velocity and the butt curl. The butt curl
increased with curling velocity.

Fig. 6 and Fig. 7 show effects of each casting
condition on the butt curl and the bow. The
butt curl increased with casting speed and
casting temperature, and decreased with bot-
tom block overlap, bottom block depth, and
side—glasscloth height. Also, the butt curl de-
creased when the bottom —glasscloth was set.
But the butt curl did not depend on the water
flux and the metal level. The relations between
the bow and the casting conditions had a same
tendency as that between the butt curl and the
casting conditions.

Fig. 8 shows effects of each casting condi-
tion on the bow position. The bow position
was significantly affected by metal level and
side—glasscloth height.

4. Discussion

Fig. 9 shows the butt curl and the bow for-
mation model near the cooling point. Before
the cooling point, a thin shell was formed by
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Fig. 7 Effect of each casting condition on measured bow.

Bow height (mm) Bow height (mm) Bow height (mm)

Bow height (mm)

120

100 I

80 1 I

60| BB

“lem O @ 1] [
60 80 100 700 730 760

Casting speed (mm/min) Casting temperature (°C)

120

100 F %//

80 I ,// %

60 - 7 v % r % % /
80 120 140 160 40 60 70 90
Water flux ( £/min) Metal fevel (mm)

120

100

80 +

60 % % %

40 3 15 35 0 15 50

Bottom block overlap (mm) Bottom block depth (mm)

120
100
80
60
40

with  without
Side glasscloth height (mm) Bottom glasscloth

Fig. 8 Effect of each casting condition
on measured bow height.
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Fig. 9 Curl and bow formation model near cooling point.
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cooling from the mold wall and the bottom
block. At the cooling point, the shell grew rap-
idly due to direct water cooling. It was consid-
ered that the butt curl formed by the thermal
stress which was induced by rapid decrease in
the ingot temperature at the cooling point.
After the cooling point, curling stopped be-
cause the decrease in the ingot temperature
became very slow and the shell on bottom
block became thicker and firmer.

Experimental results showed that the butt
curl increased with casting speed and casting
temperature. Under such casting conditions,
the shell on the bottom block was too thin to
suppress rapid transformation (curling) by
thermal stress from the cooling. An increase
in the bottom block overlap and the bottom
block depth caused the shell to grow and made
it firm, so it was considered that the butt curl
decreased. In the case of the glasscloth on the
bottom block, a very thin shell was formed
and could not transform because the shell was
mushy and not firm. In this case, the butt curl
also decreased.

For proving the hypothesis, which was sup-
ported by the results the shell formation proc-
ess was investigated. Under four casting
conditions such as standard, high casting tem-
perature (760°C), low casting speed (60mm
/min) and setting glasscloth on the bottom
block, the shell shapes on the center of the
wide face were investigated with a zinc tracer
at 15mm, 30mm (cooling point), and 45mm
casting length. Fig. 10 shows the shell shape. It
was clear that the shell was very thin when the
glasscloth was on the bottom block. In order
to investigate the growth of the shell, the in-
creasing of the shell areas S, which is from
15mm to 45mm casting length (Equation (1)),
was evaluated. A calculation model for S is il-
lustrated in Fig. 11. The subscripts 1, 2, and 3
denote 15mm, 30mm, and 45mm casting length,
respectively.

— (Ba-B1) + (Ca—C1) x (Ds-DO + (E3-E1>

S 2 2

)]

Fig. 12 shows the relation between the in-
creasing of the shell area, S, and the butt curl.
The butt curl increased with S, and it was con-
firmed that the marked growth of the shell
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without

Bottom glasscloth

25mm
(a) Casting length 16mm (b) 30mm (c) 46mm
Fig. 10 Shell shape on center cross section of wide face.
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Fig. 12 Relation between increasing shell area S and curl.

caused an increase in the butt curl. Fig. 13
shows the relation between S/A: and the butt
curl. Here, S/ A: signifies the thermal stress
ratio of the shell growth to resistance (=bot-

30 ’ tom shell thickness). The butt curl clearly in-
creased with S/A.. Also, it was clarified that

Fig. 11 Calculation model for increasing shell areas.

o4

the butt curl decreased by another mechanism
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Fig. 14 Relation between curl and bow
under various casting conditions.

already given in the case of setting the
glasscloth on the bottom block.

As for the formation of the bow, it was pre-
sumed that the bow occurred due to the
narrow side shell inclining to the inside, be-
cause the relations between the bow and the
casting conditions had a same tendency as
that between the butt curl and the casting con-
ditions. Therefore, the bow could be related to
the butt curl. Fig.14 shows the relation be-
tween the butt curl and the bow under various
casting conditions. It was clear that the bow
increased with the butt curl. Fig.15 shows a
geometry model of the relation between the
butt curl and the bow. From this model the
bow was related to the butt curl by Equation
(2). Here, B and C was the transformation of
the bow and the butt curl, respectively. L. was
the distance from the cooling point to the
metal level. W was half of the ingot width. The
calculated relation was in good agreement
with the experimental relation, and it was
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Fig. 15 Calculation model for the relation
between curl and bow.
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Fig. 16 Relation between distance from colling point

to metal level and bow height under various
casting conditions.

obvious that the butt curl and the bow were
understood as one action.

B=W+C+L/W—VW'=C? @

Fig. 16 shows the relation between the dis-
tance from the cooling point to the metal level
and the bow height. They had a positive corre-
lation. It was postulated that the bow was the
shell top formed at the start of the butt curl.
This point agreed with the experimental re-
sults that the bow height was strongly af-
fected by the metal level and the side glass-
cloth height.

5. Conclusions

The effect of the mold setting conditions
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Table 2 Effect of each casting condition on ingot butt shape.

Casting conditions Curl | Bow |Height
Casting speed 7 72 1 7 -
Casting temp. / /" /’ |-
Water flux / — — —
Metal level /! - d %
Bottom overlap N \ ; \x .
Bottom depth . \ o —
Side glasscloth \ k 7
Bottom glasscloth N —

before casting and the initial casting condi-
tions on the butt shape was clarified in Table
2. It will be necessary to optimize the ingot

56

butt shape by combining these conditions in
order to solve ingot defects and losses.
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TECHNICAL PAPER

Study on Detecting Nonmetallic Inclusions
in Aluminium Can Stocks Using
Lamb Wave Ultrasonic Testing”

Nobuyuki Mutoh* * and Sachio Yoshida**

Nonmetallic inclusions irregularly distributed in aluminium can stocks lead to flange cracks
and/or pinholes during can making. Progress in aluminium recycling may increase the amount of
nonmetallic inclusions contained in the raw materials and may lower the molten metal cleanliness
in the casting process. The quality of products is determined by the degree of nonmetallic inclusions
presence in the solidified aluminium alloy ingots. For these reasons, a development program of the
techniques which used the Lamb wave ultrasonic flaw detection method utilizing a wheel search unit
was initiated in order to detect nonmetallic inclusions in the thin strip processing line. This method
is well suited to on-line inspection of running aluminium alloy strips over the whole length and
width. Fundamental properties like flaw reflection characteristics, noise characteristics and ultra-
sonic attenuation characteristics in the method were obtained from basic experiments. From these
results, the optimum inspection conditions for the detection of internal nonmetallic inclusions
which were about ¢ 100 to 200pm diameter, being an intermediate target, were obtained. A test de-
tection apparatus was made in order to obtain these inspection conditions, and the results of evalu-
ating its detection capability showed that detection of nonmetallic inclusions of ¢ 150um size could

be made, thus attaining the performance for satisfying the intermediate target.

1. Introduction

The presence of nonmetallic inclusions in
thin sheet material used for the production of

aluminium cans is harmful in the making of .

the cans, causing flange cracks and/or pin-
holes. Also there is a concern that the prog-
ress in the recycling of aluminium may in-
crease the amount of nonmetallic inclusions
contained in the raw materials and may lower
the molten metal cleanliness which may lead to
a degradation in product quality with regard
to internal flaws. For these reasons, the meas-
uring technology of nonmetallic inclusions and
technology to remove them become essential.
The quality of the products is determined by
the degree of nonmetallic inclusions entering

* This paper was presented at the 8th Asia-Pacific
Conference on Nondestructive Testing,
Taipei, Taiwan, December 11-14, 1995.

** No.2 Department., Research & Development
Center.
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into the solidified aluminium alloy ingot dur-
ing the casting process.

Therefore, a development program of the
measuring techniques was initiated in order to
detect nonmetallic inclusions in the thin strip
processing line. Utilizing a Lamb wave ultra-
sonic flaw detection method with a wheel
search unit, which is suited for on-line inspec-
tion of running strips over the whole length
and width, a basic investigation was made to
improve the detection limit of the method. In
this investigation, intermediate target was
adopted, and the inclusion size of the target
was ¢ 100 to 200um in diameter. The conven-
tional plate wave flaw detection equipment” is
said to have a detection limit of ¢ 250 to 300um
inclusions.

Reducing the size of a flaw to be detected re-
sult in lowering the level of the reflected signal
from the flaw and SNR (signal to noise ratio).
Furthermore, in order to detect more minute
flaws with high resolution, the ultrasonic fre-
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Wheel search unit

Fig.1 Method of exciting Lamb wave.

quency should be increased. Therefore, funda-
mental properties like reducing the level of the
reflected signal with higher frequency, noise
characteristics and ultrasonic attenuation
characteristics were investigated.

The present report describes the results in
which flaw detection characteristics and noise
characteristics of the Lamb wave ultrasonic
method with a wheel search unit were obtained
for aluminium thin sheets. A detection appara-
tus was made based on these characteristics,
and the capability of flaw detection was im-
proved.

2. Experimental procedure

In Fig. 1 is shown the method of Lamb wave
excitation with the wheel search unit. When
longitudinal ultrasonic wave, which is emitted
from the probe immersed in the wheel tire fill-
ing with liquid, enters the sheet surface at an
incident angle of 8, through the tire rubber
film, the Lamb wave is formed under the con-
dition satisfying equation (1),

C = Cw/sin 6 (1
where C is the Lamb wave phase velocity, and
Cw is the wave velocity in the tire.

The phase velocity is determined, according
to Morse’s equation®, by the Lamb wave
mode, frequency f and sheet thickness d. Fig. 2
shows the Lamb wave mode that gives incident

o8

40

Frequency X Thickness fed (MHz)

Incident angle 8 (° )

Fig.2 Relation between incident angle and fd to excite and
receive Lamb wave in aluminium sheet.

angle @ in the aluminium sheet.

The experiments were conducted with aim
of obtaining 1) reflecting characteristics of
flaws, 2) noise characteristics, and 3) ultra-
sonic attenuation characteristics of the tire
rubber (being the main factor of ultrasonic at-
tenuation). Lamb wave reflection signals and
noises from artificial different size flaws made
on an aluminium sheet surface were measured
with respect to their frequency dependence.
The specifications of the sheet and the artifi-
cial flaws are shown in Table 1. Table 2 shows
the experimental conditions. The experiments
were conducted using two kinds of methods:
the one, a burst wave with an arbitrary fre-
quency was given to the probe to adjust an in-

- cident angle of it so that the flaw reflecting

echo is maximized and then to measure the
echo height (condition 1). The other, a pulse
wave which excites the ultrasonic with a wide
band frequency was sent to the probe to meas-
ure the frequency and magnitude of the flaw
reflection signal at an arbitrary incident angle
(condition 2).

With respect to the noise characteristics, by
varying the direction of the Lamb wave ultra-
sonic beam, the variation in SNR of the reflec-
tion signal from a through hole of ¢ O.lmm
was measured to study’ the anisotropy of the
Lamb wave noise. It is considered that the ani-
sotropy of the Lamb wave noise is caused by
material anisotropies of texture and/or. sur-
face roughness of aluminium sheets. For the
¢ 0.2mm through hole, the variation in noise
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Table1 Specifications of sheet samples.

Parameter Specifications
Thickness 0.35mm
Material A3004 Aluminium alloy
N Diameter Depth Cross section
o.
(mm) (nm) (mm?)
1 0.10 0.35* 0.035
Dimensions| 2 0.15 0.35* 0.053
of artificial| 3 0.20 0.35* 0.070
flaw 4 0.10 0.10 0.010
b 0.10 0.15 0.015
6 0.10 0.18 0.018
7 0.10 0.28 0.028

*Through hole

Table 2 Experimental conditions.

Parameter Specifications or Conditions

Transducer 10MHz immersion probe (wide band type)

Tire rubber 0.9mm thick urethane rubber

Distance between tire and flaw 150mm

Condition 1 Condition 2

Exciting Sine burst wave Pulse wave
10 wave number
Applied flaws No. 1 No. 1,2,3,4

Ultrasonic test instrument SM600A (TOKIMEC)

with the variation in the surface roughness
made by paper polishing was measured.

The main factors to reduce the sound pres-
sure of the ultrasonic are the thickness and
the material of the tire rubber and the fre-
quency. In the experiments to study the ultra-
sonic attenuation characteristics in the tire
rubber, the amount of attenuation in sound
pressure during the passing of the ultrasonic
wave through the rubber film versus film
thickness and the material was measured with
three kinds of immersion probes, 2725MHZ,
5MHz and 10MHz. Finally, taking the results
of the above experiments into consideration, a
test apparatus was made in addition to im-
in the Lamb wave excitation
method to increase SNR, and the apparatus
was used, at optimum conditions, to measure
the echo height of the artificial flaws and
natural flaws and to evaluate the flaw detec-
tion capability of the apparatus.

provement
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Fig. 3 Frequency characteristics of Lamb wave flaw echo

and noise.

3. Experimental results

The results obtained by using the condition
1 method for the variation in flaw echo of the
¢ 0.lmm through hole and in the noise with
variation in frequency are shown in Fig. 3. The
flaw detection sensitivity in the vertical axis is
represented by dB as the degree of amplifica-
tion to magnify the voltage of the flaw signal
to the reference voltage. It was found that the
Ao mode had a higher level of flaw echo than
the St mode, which was more suitable for in-
spection. Further, with the St mode, the Lamb
wave became difficult to be excited above
6MHz, making the mode unsuitable. The flaw
echo signal and the noise had their peaks at
nearly same frequency, and therefore, the dif-
ferentiation of frequency characteristics be-
tween the flaw signal and the noise was not
found. By using the condition 2 method the
level of the flaw echo, noise, and frequency at
the incident angle 6 at which the flaw echo be-
came maximum were measured. The fre-
quency at this point was called peak fre-
quency. Fig. 4 shows the véljiation in the peak
frequency versus the cross section of the arti-
ficial flaw, as seen from the direction of the
section of the sheet. In Fig.5 is shown the
variation in flaw detection sensitivity and SNR
versus flaw cross section at the peak fre-
quency. With smaller flaws, the peak fre-
quency and flaw detection sensitivity became
larger, and the SNR became smaller. In order
to detect flaws with a size of ¢ 100 to 200pm
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Fig.5 Variation in detection sensitivity and SNR with flaw
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(cross section 0.008 to 0.031mm?) being the in-
termediate target, the exciting frequency of 6
to 8MHz is well suited. Even under optimum
conditions, however, since the level of the flaw
echo decreases with smaller flaws, the best ef-
forts should be made to lessen the attenuation
of the ultrasonic and to increase the exciting
power of the probe.

It was presumed that the surface roughness
and texture of a sheet affected the Lamb wave
noise. An effort was carried out to confirm the
effect of roughness and texture by making
plates with various degrees of roughness and
texture. Plots of the Lamb wave noise levels
versus surface roughness Ra are shown in
Fig. 6. With an increase in the surface rough-
ness, the noise was found to increase. The or-
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Fig. 7 Influence of the direction of Lamb wave beam on SNR.

dinary roughness of aluminium sheets for can
making was about 0.5pm in Ra. The reduction
of the degree of anisotropy and the increase of
grain size due to softening resulted in an in-
crease of noise.

Fig. 7 shows the results of measuring the in-
fluence of the scanning direction of the Lamb
wave beam upon the SNR (the ratio of flaw
echo level to noise level). This indicates that
SNRs increase with inclined angle, because
rolled aluminium sheets have anisotropy in the
surface roughness and texture. By inclining
the direction of the probe by 45°, the SNR in-
creased by about three times. From these re-
sults, it is seen that the direction of the probe
should be suitably inclined more than 30° in
order to conduct an inspection with sufficient
SNR.

In Fig. 8 is shown the attenuation character-
istics of the ultrasonic versus thickness of sev-
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Fig. 9 Influence of frequency and thickness on the degree of
ultrasonic attenuation.

eral kinds of rubber films at a frequency of
2.25MHz. Among the rubbers tested, silicone
rubber and urethane rubber were found to
have the low ultrasonic attenuation. Accord-
ingly, limiting the material to these kinds, the
influence of the thickness and the frequency
upon the attenuation was investigated and the
results are shown in Fig. 9. The larger the rub-
ber thickness and the frequency, the larger is
the attenuation. In urethane rubber, there are
two kinds of material. Urethane rubber B
(thickness of about 1mm), having higher me-
chanical strength and lower attenuation, was
considered to be appropriate.

A Lamb wave inspection test apparatus was
then made in order to obtain the best condi-
tions of flaw detection, and the artificial flaws
were inspected to evaluate its detection capa-
bility. The direction of the probe was 45°.
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Cross section of flaw (mm?

Fig. 11 Flaw detection capability of improved Lamb wave
inspection apparatus in unmoving testing.

Fig. 10 shows the block diagram of the sys-
tem for the test apparatus. In order to effi-
ciently generate a Lamb wave of a desired
frequency, as the exciting signal, was used a
toneburst and/or a toneburst modified by a
Hanning window function formed by an arbi-
trary waveform generator.

Fig. 11 shows the results of the inspection of
artificial flaws. Taking the SNR of 2 as an or-
dinary slice level, ¢ 0.lmm X depth 0.18mm
flaw (the cross section of 0.018mm?*) was con-
sidered to be the detection limit. This cross
section corresponds to the cross section of a
spherical nonmetallic inclusion of ¢ 150um in
the direction of the plate thickness.

Fig. 12 shows the example of a nonmetallic
inclusion detected by an on-line test at 100m
/min line speed. This inclusion with a cross
section of about 0.018mm?® was composed of
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Fig. 12 Example of cross sectional shape of detected
nonmetallic inclusion.
(Flaw material: MgO)

MgO. The nonmetallic inclusions in an alu-
minium sheet are usually harder than alu-
minium, and they are then difficult to be
enlarged into a very thin film shape, therefore
it 1s considered that they could be easily de-
tected even with the inclined probe.

4. Conclusions

In the Lamb wave flaw detection of an
aluminium thin sheet with the utilization of a
wheel search unit, properties like flaw reflec-
tion characteristics, noise characteristics and
ultrasonic attenuation characteristics were
obtained from hasic experiments. From these
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results, the optimum inspection conditions for
detection of internal nonmetallic inclusions
with size of about ¢ 100um, being an interme-
diate target, were obtained. A test detection
apparatus was made to evaluate these inspec-
tion conditions, and the results of evaluating
its detection capability showed that detection
of a nonmetallic inclusion of size ¢ 150um
could be made, attaining performance satisfy-
ing the intermediate target. The goal is to find
an inspection method for the ¢ 50pm non-
metallic inclusions and to shorten the detec-
tion time. These results suggest that the
exciting frequency will increases slightly and
the probe will have a high efficiency and a nar-
row beam width.
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Roll Surface Temperature and Heat Flow
1in Cold Rolling

Takeshi Yoneyama, Takashi Hori, Hiroshi Kimura,

Tkuya Hoshino and Misao Kokubo

Temperature and heat flux on the roll surface have been measured in aluminium cold rolling.

The influence of several factors on the temperature increase and heat flow at the arc of contact

between roll and strip has been investigated. Heat flow from the strip to the roll surface in the

arc of contact gradually decreases with the gradual increase of the roll surface temperature in

the rolling process of a coil. Heat flow and its rate in the total heat generation increases as the

high flow stress of the strip increases the rolling force. Coating on the roll surface reduces the

heat flow to the roll. The numerical result of the increase of roll surface temperature and heat

flow using the rolling force and rolling power approximately agrees with the measured date.
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Table1 Proof stress, rolling force and forward slip

0.2%Proof stress Rolling | Forward
0, /MPa force slip
No. Strip
before after
rolling rolling P/kN /%
As
1 140 320 1330 1.6
annealed
A
g | °° 307 349 1500 3.4
rolled
As
3 387 410 1730 4.0
rolled
60 T T T T
6, 0y : Temperature before
8 50 |- the arc of contact h
< 6, : Peak temperature
@
3 40} | Cooled by air |
g / Cooled by oil
£ O
s 30 ....,,.\ ' i
= Rolling
Contact with
Contact with strip backup roll
20 1 1 1 i
0 90 180 270 360 450

Rotation angle ¢/degree

Fig. 2 Cyclic change of roll surface temperature.

T T T T
5 Rolling 1
= 5L e _
2 L
2, .
; Cooled by air  Cooled by oil )
s W/ / '
x 0
=
> I \ _ _ Ix_ Contact with
T | Contact with strip backup roll

_.5 1 i i L
0 90 180 270 360 450
Rotation angle ¢/degree
Fig.3 Cyclic change of heat flux to roll.
3. BER{LLAZE

3.1 —FAH0ERE - BREE/L

JESE 1 [EEz D REE O EVR ST D h i, 2
A WVOFEIEW BV CHEERG D & 640 Bl D 1 F#i 0
FHHBEOBE A % Fig. 2 IKmd, v — VERERER
FREREROEMICE > TERL, T TIEEMD
BELDEFE B> TWVWA KD, [FEM &L 2B
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60 T . . :
Heat flux Surface temperatur(;
50 1 5
e
~
Y
- 40
5
©
s 30 0
I
[+
'_.
20
Arc of contact
— -
10 L ! I | -5
0 2 4 6 8 10
Rotation angle ¢/degree
L 1 ] I
0 5 10 15
Time t/ms

Fig.4 Roll surface temperature and heat flux
in the arc of contact.
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60 T T T T T T Table 2 Influence of the rolling force on heat flow.
50 O/O__Oh(}e’;ow - Rolling Heat flow | Heat accumula-| Total heat
g No. force to roll tion in strip generation
< 40r T P/kN 2g /KW Q/kW Q+ 23 /kW
E ] o 28 51 79
< (35%) (6596) (100%)
Q. -
£ . 1500 40 69 109
" - 37%) (63%) (100%)
0 . . . . . . 3 1750 51 78 129
0 200 400 600 (40%) (60%6) (100%)
Number of rotation n
Fig.5 Gradual increase of the base temperature 10
61, and peak temperature &, . A ' ‘ I ‘
As rolled
5 ( 0,=387Mpa,
- E ! g =25.7kW)
£5 BH———T— 5 5
o~ 2 I
g X
2.2 b0r 7 =
g5 S
E E 1 H 1 L H 1 Q_? 0 ________________
< 45 = 3 As annealed
T ( 0p=140Mpa, § =13.8kW)
o 20 ; . , . ] ! |
s 5l
25 15} O\O\O\o___o__o——»o/@ i 0 ) 4 6 8 10
§ > Rotation angle ¢/degree
T - 10 1 I} 1 1 1 [
0 200 400 600 Fig.8 Influence of the deformation resistance
Number of revolution n on the heat flux to roll.
Fig. 6 Gradual change of the heat flow to roll and . .
heat accumnulation in strip. FESER OESTAARPLRC R & o — L & DEEZIS /ISR
EFVWEEEICETREERT AHEEMEIRIRE(AD,
TR E 8B, MM S IHEM DELEDFER D O,
18 ' ' ' ' o— V1 AKHZD~DAREG, EEM~NOEREQ
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S - CARAED 7 — & ZHith L CHBE L Feo FERERTTASK
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§ — 0 o @ ° Xl LT\ B FEAEH O RTREE AT < 1D, @ — 1
L ! . ‘ s :
- DEBHEMPKELBBLDTHS Do PElIM &L IBTEM O
2.5 v m " 25 7 BRI A L L 7o 02 Fig. 8 TdH 5, BEsiM D iR
b 6,/ SIME— 2 HBHOXD IS 2D, HIIcIEREG
INS W FERGYINE <, ORI W CE TR
Fig.7 Influence of the initial temperature difference S o TERBRBKEL LY, HEBKRELNLENLOT
on the heat flow to roll. A,
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WEERIC B 50— VERREE({LE ABE 67
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X I
T I
x
3 L
Y 0 ___________
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_ i I L 1
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Rotation angle ¢/degree
Fig. 9 Influence of the contacting temperature
on the heat flux to roll.
18 T T H
=
X
~ 16} 4
>
E
g 14 .
z
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§ 12+ @ with coating _
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Number of rotation n
Fig. 10 Influence of the roll coating condition
on the heat flux to roll.
30 T T T
L
5
o 25} 4
feb]
5
T
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}_-
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15 1 L :
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Number of rotation n

Fig. 11 Influence of the coating condition on the
roll surface temperature increase.
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Table 3 Plastic deformation work and friction work.

Rolling Plastic defor- Friction work
No. force mation work
P/kN W, /kW We /kW
1 1330 7 16
(82%) (18%)
82 24
2 1500
(779%> (23%)
1730 94 28
(77%) (23%)

Table 4 Estimation of the temperature increase and
heat flow to roll.

Rolling | Temperature increase| Heat flow to roll
No.| force 0,—6,/C q /kW
P/KN Exp. Cal. Exp. Cal.
35.5 14.6
1] 1330 B8 p=10W/m’K| 188 |p=10°W/m’K
32.0 12.8
2 1500 38.5 41.2 20.2 17.0
3 1730 45.3 48.3 25.7 20.0
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7. %%

BAFE L 7o o — VEREERE - BGEIE Y 2 57 22 M0
T, 7=y AMRMOERIC B ZEE - BREOR
EETO, EMcBY 30 - VERREE LR Eo—
NDOABBICOVWTEE L, 0— NV DABEIZ1 o
ANVDOERIZBOT, v~ VERHEREO ERIKE 8-
TRAD LTV T &, FEMOEIRIAK & { THELE
ENRKELBELEO—-NVABENEL L EbIEH
BEDhO ABBORAELAELNEIE, v-Na—F 4
IR - UVANDABBE T A LB ENDP T,
Ff, HEEFEEEHI» SEBAE L BEBEAELHE L
TEHEHABE L LA, MERRERE LI,
XD EHEC I3 BGERI P REEK D 5 AT, BEAERE
DRBICD VTR T ALENH B,

ARFERIC BT 5 FEERIE TR TERBRLR T EME
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Sumitomo Light Metal Technical Reports, Vol. 37, No. 1,No. 2 (1996), pp. 70-76
Evaluation of the Cooling Effect Based
on the Measurement of Roll Surface
Temperature and Heat Flux"

Takeshi Yoneyama, Takashi Hori, Hiroshi Kimura,

Tkuya Hoshino and Misao Kokubo

Roll surface temperature and heat flux at the contact with coolant have been directly measured

by the temperature sensors embedded on the roll surface. Heat flux is large at the region where

coolant dashes against the roll surface but relatively low at the other region where coolant flows

on the surface. Heat flux from the roll to coolant is accelerated by the temperature difference

between the coolant and the roll surface and by the flow rate of the coolant. Differences by the

spray types of flat and oval nozzles and efficiency of the twist angle of the spray have been inves-

tigated from the temperature data. Heat transfer coefficient in each spray has been estimated

from the comparison between the measure data and the numerical analysis. Local heat transfer

effect will be evaluated by these direct measurements of temperature and heat flux on the roll

surface in actual rolling.
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Tablel Cooling nozzle condition
Coolant Backup roll
$510 Discharge | Flow rate Twist Coolant
Nozzle
A Temperature ¢ pressure angle temperature
NS sensor ype ! o °
p/MPa | U/l*min a/ 6./C
XO Work roll
Lubricant $325 0.1 100
— Flat 1 0 20
y 0.9 300
A
Tmm 0.7mm 0.5 100
Flat 2 40 20
1 150
Z 0.5 100
Oval 40 20
1 150
) 60 T T T T
Fig.1 Rolling and cooling equipment. 0
P
270°
8 50 - Rotation )
Strip width 400mm & angle o°
® 0° 30°
Temperature  |Rolling 5 40t , 7
sensor direction © Cooled by air )
c:o:ﬁ::c: ® / Cooled by oil
| BN
75mm ‘ 5 30 " . )
= Rolling .
AN Contact with
(a) Flat1 Contact with strip backup roll
20 1 L 1 1
- 0 90 180 270 360 450
Twist angle -
T é \ Rotation angle ¢/degree
] \ \ Fig.3 Cyclic change of the roll surface temperature.

(b) Flat2

— o
)
V&

N

(c) Oval

Fig. 2 Spray pattern on the roll surface.

mm, HEImmDIA L (BESH600m) THbo Hi
TRT Lmm & CHEE L, 360°CT 3 FRIER L T
Begtibh & Lz b D &, BELEITH VRN &2 A L
too FEFH3 309 & L, JEREME % 100m/min & L7z,

O— VSEIB L OEEOS Fig. 10Xk ice —
DA Zov &8 7 ZVDELD R TH B
WL XIS ld, SERAS T — 2 o — Ui i3 IE RELCIE
Hahd, Mg, ZAvhboRy—7o0-VEFEMED
Bl o0 AT A TR Lok s h s, L To&
g — s u— st LEEL, X, Bl AvE L~y 5
W21 100mm B =i 5 AT oMV, 27— 5 ¥ bk
LEHIOMB AL 1B, 71— NRE, / ZE
R EEEZTERE T 10 7 -7 ¥V PO/ ZNITE
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wWhD (759 +2), HETHHEEOSVWE D (4 —
SOV) @ 3FEEERVI, EHEOREE o — VR bR
27 ADEERF SN 3B Fig.20k>T, 7
S bk R BKEAECEEL, 79y b X2
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DS D & T AICEAEMSI 1 Th 5, WEFTIE
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Fig. 6 Influence of the temperature difference between
coolant and roll surface on the temperature
change and heat flux for the case of flat 1 type
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The Trend of Light Weighting
in Aluminium Beverage Cans

Yoshinari Kikuta, Hiroyuki Mizutani,
Hiroshi Yokoi and Kazuhiro Hanaki

Domestic consumption of beverage aluminium D &I cans has dramatically increased in these

years resulting in the amount of 36 billion cans in 1994. In connection with this market demand,

it had been cost-cut by the gauge reduction, the downsizing end diameter and the decrement of

sub-standard during the can manufacturing. For the purpose of developing the further program

about gauge reduction and lightweighting, 16 kinds of aluminium D &I cans obtained from domes-

tic and foreign markets were subjected to comprehensive examinations.

The weights of domestic cans were distributed from 15.86 to 17.39g, while those of the U.S. did
from 14.97 to 16.09g. The most lightweight can body was the fluted one from the U.S. market.
The smooth neck of small diameter was applied to the all of U.S. cans. The fullformed end that

was designed to improve the reversal pressure strength has resulted in thinner gauge.

The FEM simulation could be examined upon the dome reversal pressure using these results,

and the effects of the thickness and base profile were confirmed.

1. I3 T & I

EWick i 2 REHE DA ER 1T 1975 FEE» 5B E
WHEN L, 19948 i3 365 BIFIcE TEHELTWL 3,
ZDIBRIBBBA — VT I =y 5, BD DK 64
BWH2E-REZE—RDRF—NVETHBY, T3
Z 9 AR E =V, REBREEOBITESIC, £ RF —
WEEBI—Et—, ZAR=vEE, v—orEskOER
BB SORERCHVONT &2, B TRIERER
FEFIC L D BRBHEIC b 7V =y A EFIH SN
TW3, THI=9aBE, RSB, et
PRV, FREEFEELTY, BREMSRY, 275y
TOMEAE, BROWICEELLY, 5EOFEH
HY, TOFBEISHOIRE T 2 ETFHEIhTH
5,

C ORI THEI O ERLE L i oBRE(LIE, =%
MU YDBTREL, BEF - BT AVF-OHALS
* BIEBFw v o — HEEE

77

bEHEANHETH 5, PRMEOREICEDLL A —H—T
3, KOETEL, BCELVWER, K0RE51
DOEMIB BT ENTEY, AFicBVWTd 70
WENE 2 ZRRERE L TE LD, BIcHI TRERE /N
LT BT &L - THREZERT 3 729 OEBIFE A
#HATWS, ATk, ERATHRELTWREED
A—=NT NI =T AREMRIC B 3 HER LB L CBREAL
DRI D OTHNT 2,

2. BRASDFZIVI=OL DI EOESE

2.1 BAERRESLURAEER

HEARE I, 1993 i AF L - EAHIRE (350mD)
10 864, BL 1994 I AF U AEATHERE (1202)
6T H B, ENERREMIBUGEA —H -6 tD e —
MV 8 BEAN & ERBREREL 2 861, EAME I KEOE— L 384
W, REBCEL 28808, Stk b Ya— 2 1 8HELS
By, FRAFRIKOVTLUTEHEEL -,



KR B8 &2 B B R April 1996

& N\_/

e
= = = = =

1 MEEOHE

HepEE | SGWE B W H & KT 4 i =
PR El N g7 |z EW
et | Btk
1 A B- 16.20 | 12.38 | 1200 | 038 | 3.44
2 ” ” 1660 | 1236 | 1L70 | 042 3.83
3 B ” 1605 | 1213 | 1178 | 0.52 3.40
4 ” BBk 17.39 13.31 12.49 0.23 3.85 TNy T
~ 5 C - 16.42 12.53 12.12 0.37 3.52
K 6 ” REEIOE 17.04 13.12 12.29 0.56 3.36 4~y NEY 7HEE 061
7 D By 17.01 13.09 12.72 0.46 3.46
8 E ” 15.86 12.18 11.85 0.40 3.28
9 ” ” 16.15 12.25 11.88 0.38 3.52
10 ” 15.86 12.19 11.79 0.40 3.27
11 G HERIRL 14.97 12.15 11.84 0.35 2.47 N—RY T+ — b
12 ” B - 15.45 12.34 12.07 0.34 2.71 N—RAY T x-S
" 13 ” P b Ya—2x1 16.09 12.24 11.93 0.48 3.37
* 14 H Bkt 15.42 11.65 11.40 0.35 3.42
15 1 - 15.51 11.82 11.57 0.35 3.34 TN —F 4 v K (30D
16 J ” 15.35 11.68 1111 0.35 3.32 N= 2 Tk — b

E vy FER @BEMR) —SFER-BEAS K7 B - THE

%2 £74 0K T B @Bl BRURES

/TN <& (mm) E& (mm) WxHy 0D
i F— 4 v o ONTHE | B | F-sar7z| F-o | WA | 75 IRY | F-4
1 s® 79 x—F (F4) 50.6 9.8 0.288 | 0.105 0.174 95
2 ” ” ” ” 0.285 ~ 0.168 97
3 sk ” 50.4 10.6 0.214 | 0.106 0.179 98
4 ” ” ” ” 0.322 | 0.104 ” 98
5 | S ” 49.1 9.7 0.289 | 0.107 0.185 9
6 ” ” " ” 0.27 | 0.109 0.183 9
7 ” ” 50.9 10.1 0.302 | 0.112 0.189 98
8 ” ” " 9.8 0.272 | 0.107 0.174 93
9 ” ” ” ” 0.271 ” 0.176 -9
10 ” ” 50.8 " 0.288 ” 0.169 93
11| SBFE |xe—X (FA+REY)| 412 10.2 0.280 | 0.110 0.172 94
12 ” AL—=Z (54) 49.5 8.8 0.206 | 0.103 0.196 95
13 ” 79+ —F (54) ” 10.3 0.281 | 0.108 0.183 9%
14 sk RA—Z (REY) 50.6 10.4 ” 0.104 0.162 100
15 ” ZL=Z (F4) 49.2 10.5 0.279 | 0.102 0.181 104
16 | sSB®F Ab=Z (REY) 51.1 9.4 0.217 | 0.101 0.168 100

AR LBE %y 2 BHRO 7 5 v IHMNE

Hek, KFaBiUs 70HR 2.2 BEER

EE, v, TV FORRBLUZOTE FEROBEAR 1R LE, SRERBTCIERNGS
K57 4 DE ST 15.86~17.39g TH B 0izxt L, KEFHE 14.97~16.09¢
FE v NBXUY TORES L g o to, ARBNICASE, WNE— VERR
K74, TV, ¥ 7O EEETRE EERMORME X D 1 g B8 <, KER T £ — ViR & IRBREK
HEE T v FOMMTRE o BRSSP bV a—RELODH0.6g Bd -, K

78



Vol.37 No.1,No.2 A — TN =9 AEOBE{LEN 79
R TYFBXUSTORK TH Ex BELL) BLUES
£ R EX (mm) B Hv 0.D
VR
EZ 4] VK 2
E T 5 7 (mm) 5 7 5 7
INR I 23T INZ IV hovyvosy
1 C SoT 59.3 0.279 0.100 0.335 108 112 117
2 ” ” 59.2 0.277 0.100 0.290 106 115 95
3 ” " 59.5 0.290 0.1%5 0.430 9% 110 106
4 ” TNy T 59.6 0.318 0.180 0.280 105 113 120
5 ” SOT ” 0.289 0.105 0.335 112 118 105
6 ” ” ” 0.257 0.120 0.465 113 120 91
7 ” " ” 0.279 0.095 0.3% 108 113 114
8 F ” 59.2 0.252 0.110 0.355 107 112 120
9 C ” 59.5 0.276 0.110 0.330 105 111 120
10 F ” 59.2 0.254 0.105 0.350 112 115 120
11 F SoT 53.9 0.224 0.110 0.300 116 119 102
12 ” ” 56.6 0.235 0.088 0.296 114 120 -
13 C ” 59.3 0.274 0.078 0.394 119 120 105
14 ” ” ” 0.276 0.095 0.298 116 126 106
15 ” ” ” 0.273 0.095 0.300 115 116 104
16 ” ” ” 0.275 0.090 0.300 118 128 113
E.NC:av_vyatiA7, F:o9075—b547
Fa, §7BROT Y FEMBNCILEL T OREETOT
WA > 1o ENEICE T 2 5 TR SRR IR
LTHEAERIC 7V 7H S SOT (RAFA44v457) i
EHaNY, BEALEVISHEHLSBYITLTVWS, K < S(AF
PHEICBVTREKL AT VY 7THY, TOHRE I
13 SOT DFPEDTH - 720 $5HH 15 1 3 MBI HEE % D
mLzzwbwd -7 4 v FEOBEH N TE D,
HEEAWC 45 LIk BMTREDE T EH » T\,
ZORE®ROEF BRI 11.1lg tHELLEOHT
EHE LB - 71,

K54 DR, Sk BSBLOWSER2I, T - S®®
FBXU Y T7oFNSA2RI IR LI, F—alRREE D t B U, AMcM
1IRT SEHHICAEE N, BEAEKREF—2TH = =
25, KEHEO—ICTF v b F—abBHASN TV,

BRSO X v 7RI T NTIYIARD I v 4 — F xRy
2T, KEGRHEW I3 ZBRVWTIRTRAL - %y 7 T8
Thotio FOMIHERS1, AEVBLUS A+ 2
E v d 3 HROICAEE Niee —IRIIC 54 HR D FH S e - SBIF
MIESE P THEH, METIEETY) —v EE | 5 I B L, Shcp
WL H) BRELPTV, —F, REVHRITHE = '
MBI THh 248, BEEEDFPTVEEDNT
WB, 2D, TV FE CEREDE) WhES Ry 7 H: F—=4FT X
D : #EHhfZE

OFEBEIRKEBHEMRILETY — v BRELPT R
ZEAORE TS A HARNTR v 7IE L 1R, B#RER
TOED ORI A ¥ v AR THIE Lic &R s i

79

1 K- LR



80 B & R April 1996
T T i T -
~ a0 8 e
% é HHiE
- =200 LS
0 U 1
o o min 109 pm ]
100 ' . .
S 50 100 EE 50 100
R EED D DOIERE (mm) sk HEND DOIERE (mm)
T
~ 300 > ]
: : AR
; gzw 4 .
2 [ min 112 um ]
100 . ]
ad 1 3 I i n 1 L I b |
EIE 50 100 RIE 50 100
R HIEM DS DIERE (mm) RR FHEM S DIERE (mm)
3 i — —
30 . 30 8445 8 9%
£ i = £
3 -1 a
~ 200 . 200 ]
1 ] Y ]
o - (o min 107 um ]
100 N 100 | .
3 L . L 1 3 | ) L 1 : 1 -
& 50 100 HIE 50 100
gk kR EENDDIEEE (mm)
e e
o B pu B
W W 4
i o min 107 um
¢ t ! 1 i 1 n L 3 3 1 s |
HE 50 100
R EHEND DOIEE (mm)
T T T T T
- s . 0 10 20
£ : 3 K
; ] ;2m 5%
o : o min 107 um 1
- 100 . ! .
HIEK 50 100 EE 50 100
R EEND DIERE (mm) R FHIEM D DIERE (mm)
B2 -1 BEREFT QIBROES S

MR, BRSOk DIcR g v B T (BA
Thih) EETHY, =¥ PO -> THED
BEHES/NE LEFIZRE SV, 81, 128 &
16, MEBREORLEEMEOR/NEENE L
FoR—=2 ) 7 x—LYBHEL TH - 7o

K7 4 QBB IAHEER2 IR LI, F— oL

80

75 v IMOES ZENEEKEFTRREEETH -
1208, FERIRILKEE O H DD - foo AT 4 [IBEED
BExS5His s e, HRTZEES S5 20mm O
HoiEE D, ERETIEHNSmm ¢, KEEE 90~
95mm % T, ERETRERHLI 55 ~10mm
E< 5 L0AkET, RBE{LORMDD B,



Vo0l.37 No.1,No.2

A= NT N =Y AMEOBRE(EG 81

.| T T T T T T T T T
300 ] ~ 300 #im14

£ 1 £
=3 4 o §

sz ] w 20 ]

(o min 110 um ] min 104 um 1

100 ] 100 ]

1 1 L 1 L I i L " 1 1 1 1 1 1 i 1 b

R 50 100 wIE 50 100
PR EEM DS DES (mm) R FEEMNS DIERE (mm)
T T T T T T T T 3 T T T T T T

. 300 $H512 # ~ 300 $24515 .

€ A € ]

o (A =3 J

=200 n a0 E

U ] 1 ]

o min 103 um 13 min 102 um ]

100 B 100 ]

L has 1 1 n 5 1 L 1 L "

R 50 100 B 50 100
R RS OIERE (mm) S HIED S DIERE (mm)

- ——— , - ——
0k #4513 a20% 300f 4516 EET
£ Dt ] T Sk
3 Ngoo DD NN
N oo on 2 AN Y N 4

200 - 2aia >~ 200 * % 52 ™
k'] - U ]
S ot min 101 um ]

100 | 100 | ]

C 1 1 L L L 1 1 I | - 1 L L . | 1 1 L L !

fRIE 50 100 EE 50 100

R EEN D OER (mm) Ea HEMN S OIERE (mm)

ISRIVD x— b

(@) FNTax—LyA47

*x=
B2 -2 REGEHKRT  QEEROBE SN

G

ISRV =V

b)) ARV aFNIAT

B3 =vF (=) OBEPR

K3(@ D> Yxy - EEEICLT, /¥
AL TP EEL LEEWDHDWBE I NVT 4 —AF 4 TDT
YR, BERD YA 7R IERE (RELR LK
IEE) PECHE, ARELALFEOFRE 7 VT 4 — 4
YA FDLYENHY, 51Ty FEOBIEL -T
EmENE LT 54, BRAKROhTOR, =V F
OESIF RNV, Av vy vy riie bIcBERNEGOR
PRSP ot KEHEORI T LY F a7 (RaT7

81

HOFE) 13#<,
S o7,
(LEBA DATHES & CHEES N2 A& S BETRE
% 4 1TR LT ATEICSWTENED R 7 1« M 557
FERED & CHES 20 L TS S e B £ 1 T8E <,
KEFOZ M id 2 TAMELEOBERICHSIZ L Th S
HREREL THES N A 94 7ER BN, HF 4
M2 3004 BehERTH B, MgAo0E T h

o0y 7RENEGEOZF N L DK



82 HF R & & B BB April 1996
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P s @ g
i s HEERIE (bR SY (mass%)

Trw Si Fe Cu Mn Mg Cr Zn Ti

Bl 3004 B 0.27 0.41 0.21 0.96 1.32 0.02 0.04 0.03

1 A 5182 B 0.12 0.24 0.04 0.35 4,48 0.04 0.01 0.02
57 5182 A - - 0.05 0.34 4,57 - - -

K74 3004 A 0.17 0.37 0.20 1.05 1.23 0.01 0.02 0.03

2 A 5182 A 0.06 0.18 0.03 0.36 5.22 0.00 0.02 0.01
v 7 5042 A - - 0.02 0.22 3.54 - - -

K4 | 3004A B 0.29. | 044 0.25 | 097| 136 | 001 | 014 | 003

3 EVa Y 5182 B 0.08 0.21 0.05 0.44 4.60 0.04 0.02 0.01
57 5082 B - - 0.07 0.10 4.39 - - -

KT 4 3004 B 0.28 0.44 0.22 0.96 1.25 0.01 0.09 0.03

4 v F 5182 B 0.09 0.21 0.05 0.43 4,40 0.04 0.02 0.01
v 5182 B - = 0.12 0.34 4,57 - - -

il 3004 A B 0.30 0.44 0.21 1.00 1.40 0.01 0.08 0.02

5 E 5182 B 0.09 0.19 0.12 0.45 4,72 0.02 0.02 0.01
57 5082 B - - 0.02 0.12 4,51 - = -

K74 3004 B 0.28 0.43 0.22 0.99 1.32 0.01 0.09 0.02

6 v F 5182 B 0.09 0.21 0.12 0.42 4.72 0.03 0.03 0.01
57 5082 B - = 0.02 0.11 4.76 - - -

T4 3004 B 0.30 0.46 0.23 1.00 1.34 0.01 0.06 0.03

7 v F 5182 B 0.09 0.20 0.05 0.42 4,24 0.03 0.02 0.01
v 5082 A - - 0.02 0.10 451 - - =

T4 3004 B 0.28 0.41 0.23 1.03 1.24 0.02 0.10 0.03

8 v F 5182 B 0.12 0.22 0.09 0.35 4,44 - 0.04 0.01 0.01
57 5182 A - - 0.05 0.34 4.45 - - -

K7 g 3004 B 0.28 0.42 0.21 0.97 1.29 0.02 0.06 0.02

9 E 5182 B 0.10 0.26 0.06 0.38 4.24 0.03 0.01 0.01
57 5182 A - - 0.04 0.35 4,54 = - =

BT 3004 A 0.19 0.45 0.17 0.99 1.24 0.01 0.04 0.02

10 Vv F 5182 B 0.11 0.26 0.09 0.45 4.52 0.02 0.02 0.02
57 5182 A - - 0.04 0.35 4,57 - - -

i 3004 A 0.17 0.42 0.15 1.04 1.08 0.01 0.03 0.02

11 v F 5182 A 0.07 0.20 0.02 0.32 4,44 0.03 0.01 0.01
57 5042 A - 0.23 0.07 0.28 3.70 = - -

T4 3004 A 0.19 0.40 0.16 1.01 1.16 0.01 0.03 0.02

12 VK 5182 B 0.08 0.29 0.08 0.35 4.68 0.05 0.02 0.02
57 5082 - 0.18 <0.01 | <0.01 4.30 = - -

R4 3004 A 0.17 0.47 0.16 1.08 1.09 0.01 0.03 0.02

13 V¥ 5182 B 0.09 0.29 0.07 0.32 4,52 0.05 0.01 0.01
57 5082 A - 0.23 0.01 | <0.01 4,30 = - -

g 3004 A 0.17 0.37 0.12 1.02 1.19 0.01 0.02 0.02

14 E 5182 A 0.08 0.17 0.02 0.35 4.48 0.00 0.01 0.01
57 5042 A - 0.23 0.06 0.31 3.56 = - -

74 3004 A 0.21 0.38 0.16 0.85 1.21 0.01 0.04 0.01

15 RN 5182 A 0.08 0.25 0.03 0.32 4.48 0.00 0.01 0.01
» 7 5082 A - 0.17 0.03 0.07 4.34 - - -

K74 3004A A 0.17 0.42 0.16 0.86 1.36 0.01 0.02 0.01

16 VK 5182 A 0.09 0.20 0.02 0.32 4,52 0.00 0.01 0.01
s 7 5042 A - 0.24 0.03 0.26 3.36 - = -
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Sumitomo Light Metal Technical Reports, Vol. 37, No. 1,No. 2 (1996), pp. 86-89

Morphologies and Causes of Flange Cracks
in Aluminium D & I Can

Hiroyuki Mizutani and Shin Tsuchida

In recent years, two-piece aluminium cans (D & I cans) are lightened by downsizing of the end

(can top) and down-gauging. The lightening is difficult, because many kinds of forming troubles

will happen during manufacturing of light can bodies from thin and super hard aluminium sheets.

Many kinds of troubles are such as tear offs in the body maker, wrinkles at the bottom, pin holes

in the thin wall, pleats in the necking and cracks at the flange part (flange cracks). The necking

and flanging become more difficult as the diameter of the end becomes smaller and the wall thick-

ness becomes thinner.

In this paper, the mechanisms of flange cracks were investigated. Flange cracks detected in com-

mercially produced cans have been observed by the microscopes on their morphologies of fracture

surface. Some kinds of flange cracks have been reproduced by the laboratory experiments to con-

firm the postulated fracture mechanisms.
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Structural Control of Aluminium Alloys
for Superplasticity

Hideo Yoshida

Superplastic aluminium alloys have been applied to airplanes and architecture, and are now
tried on automobile. In this application, the forming speed is an important factor. Therefore, it
is required to develop aluminium alloys with high strain rate superplasticity. Superplastic 7475
(Al—Zn—Mg —Cu) sheets produced by thermomechanical treatment have fine recrystallized
grains of some 10pm in size and typically show superplasticity at a strain rate of 107¢—10"3%s"!
at 773K. To make this alloy high strain rate superplasticity, three kinds of method were tried.
The first one was carried out by adequate solution heat treatment after static recrystallization
to obtain grain boundaries with few particles. The second was done by prestraining cold-rolled
sheets at warm temperature followed by superplastic deformation at high temperature to achieve
dynamic recrystallization. As a result, 7475 sheets produced by both methods were able to deform
at a higher strain rate of 107*—10"%s ', The reason why high strain rate was achieved was as
follows. In the former, large second-phase particles which were precipitated before rolling to
recrystallize statically around these particles, were fully solutionized, and then cavitation was
inhibited during superplastic deformation. It is important to notice that higher strain rate
superplasticity was achieved although the grain sizes before and after solution heat treatment
were almost the same. In the latter, subgrains formed during prestraining at warm temperature
and these subgrains grew into fine recrystallized grains dynamically during superplastic
deformation. The last method was to use Rapidly Solidified Powder Metallurgy because
additional elements like zirconium which stabilize subgrains can be supersaturated. This P/M
alloy shows superplasticity at a strain rate of 1072—10"'s™! at the same temperature because it
has fine substructures causing dynamic recrystallization. An Al —Li Alloy, 8090 having non-
recrystallized grains is dynamically recrystallized by superplastic deformation to yield fine
grains and shows superplasticity at a strain rate of 107°—10"% "' at the same temperature. It is
concluded clean grain boundaries are important for improving superplasticity and dynamic
recrystallization is effective because it yields {ine grains and clean grain boundaries with few

particles or impurities.
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Honeycomb Sandwich Panels
of Aluminium Alloys

Tsutomu Usami and Kouichi Mochizuki

Honeycomb sandwich panels composed of aluminium alloys have been used mainly in the aircraft
industry since World War II ,and have been popularized in the U.S. in the building construction
field as well since 1970s. On the other hand, their application to curtain wall panels was delayed

in Japan because of their high cost and the credibility gap in the adhesion technology concerned.

Their easy execution of works, excellent flatness and the development of new adhesives based on

the elastic adhesion theory stimulated application of aluminium alloy honeycomb sandwich panels

to the outside walls of high-rise buildings in Japan. This review describes the aluminium alloys,

surface treatments, adhesives and production procedures of honeycomb core and sandwich panel.
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