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Estimation of a Setting Way of the
Straightening Machine for Aluminum

Alloy Bars

by Mitsuo Abo

The scatter in the straighteness of the aluminum alloy bars products seems mainly due to the .
scatter in the mechanical properties and the initial curvature of the bars before straightening.
Then, it is desirable to obtain the uniformity of the residual curvatures of theése bars by bending
with identical setting at a straightening machine.

In this paper, using a simplified calculation model on the basis of the beam theory and repeated
bending theory, the way of straightening nozzles setting are discussed.

The results obtained-are as follows.

(1) Provided these bars were repeatedly bent three times in the form of the geometrical progres-
sion, the residual curvatures go within tolerance.

@)

The relation between bending curvatures at each straightening nozzles and setting displace-

ment positions of them are obtained by beam theoty, and the values on this relation accord

with experimental ones.
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It is recognized that the setting at straightening machine which consists .of five nozzles for
three times of effective bending are capable.
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Table 1 Chemical composition of aluminum alloy bars \‘
1
Chemical composition (wt%s) \
Alloy - - o ‘\ _____ Calculation
Si Fe Cu Zn Pb Bi rE\ 150l |‘|o o Red 10%
o £ ‘o x  Red 20%
5.0 0.40 0.40 — Y 4 Red 30%
2011 =0.40 =0.7 0.30 o 4
~ 6.0 ~ 0.6 ~ 0.6 - \
— “0
8 |
“ 100} 8
< 0‘\
Table 2 Mechanical properties of bars before -g N
straightening. (2011-T3) 2 ?
- Fet N
Reduction z 50 AN
R 10% 20% 30% 2 .
Mechanical property . ) ul SNOox o x
o . N
Yield stress mean 33.8 38.8 40.4 “§-‘:\x
(kg/mm?) range  32~36 36~41 38~43 A -"}*'"‘
— : [ ol ' ) .
Tensile stress mean 40.5 42.6 42.5 Radjus of 025000 1000 15000 (mm)
(kg/mm?)  range  39~42 40~44 40~45 curvature
Curvature ,
Elongation mean 19.0 13.7 12.0 1/p:0.2x107% 0.1 X10™%  0.067 ><<110/~ :
mm
(%) range  15~21 12~15 10~14
"""" T Fig. 3 Relation between § and p.
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S U, BT EEI S TR O b e U TR
l BSBEE LB, T, RANTOEORIBOE b
Quenching

hBflET 5 &k b, p==1°/8h(l: EORS) » 5l
EBEFERRDI, CO2HMOMMHREETD L 0 OH

55 A B 1z, ASTMAEOBIRAQ) T OFFE & kL,
Fig. 3 icfEH %2R 7,

Drawing p:\/E"/(BZTa)d T e e (1)
l cr¢ E ¥y 7500kg/mm?
Combined Yi® O 2.82x10°kg/mm’
Straightening onrwn;r;?me d : BN $6 mm
‘ SR E HEERE B EA TS Y, BEAFMLNIC
X BHIEEO D b HEDEERE p ~ORAEIHKOTTE S
Cutting CEMEoxD Ui, LT, HOMDBKTHELL D

D3 6 <03mmOERMBH Y, D& & O|EAMERNEER
1.0x10°mm (#E1.0x10°/mm) & 6 3, JISHB TR,
ImEhhL2mmEEDLNTL S,

Fig. 1 Production process of bars. (i © 1.6x107/
mm) %7z, gk e Uik Fig.3 X hilidsh OR& &
§ DT0.2x10°/ mmRBEEDEE THEET 5T LD D,
2.2 SBIEB
a4y By BRSO 2 Fig. 41, EaliR
% Table 3 1R ¥, MEIOEENL, XAHTF 127 EHH
Lz kAR s ik, WEAKCHEZS
ARHSAES € BHHBETH Y. K, MIE/ A Oifid
Fig. 2 Measuring method of bar bend. Feig s AT Fvick hERET S,

i
D __¥,A,é\
TI77777 7777777 1
surface plate




Vol. 21 No. 4 TV =Y AR EGIBRORBIERE T RO (229)

Nozzie

Rotating disk y Pinch rol |

™ \ T

—

“\ Rotating disk

II I

!
/

t | ; ///Nozzle

‘setting handle

I
Disk setting handle e A Disk setting handle

Fig. 4 Diagram of straightening machine.

Table 3 Specification of straightening machine.

Operational range of diameter $5~ ¢ 15 mm
Power of moter 15 KW
Speed 86.5 m/min
Revolution of disk 1450 r.p.m.
Distance of disk center 90 mm
Height of pass line 95 mm
Number of nozzle 5
- Fig. 5 Stress distribution on round bar section
Nozzle pitch 101.5 mm - in bending.
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Table 4 Using values of dimension for calculation.

Young's modulus: E 7500 kg/mm?

Radius: r 3 mm

Yield stress: 0. 33~39 kg/mm?*

Initial curvature: @ 0~0.2>10*1/mm

Objective curvature: g 1.0x10% 1/mm
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Fig. 6 Relation between bending curvature and
residual curvature.
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Fig. 8 Effect of repeated bending on residual curvature.
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Fig. 9 Calculated model.
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Fig. 10 Relation between nozzle setting position
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A Study of the Nickel Deposition in
Electrolytic Coloring on Anodic Oxide

Films

by Masayoshi Yokoyama and Yoshikatsu Hayashi

A mechanism of electrolytic coloring reaction of anodic oxide films in NiSO.-HsBOs solution
was investigated by the measurement of the electrochemical reaction and the capacitance.

It was found the darkness of colored oxide films related to the amount of deposited nickel,
rather than the electrolytic conditions such as bath voltage, temperature or current wave forms.
The reduction of nickel ions occurs at the base of micro-pores at first, and then on the pre-deposited
nickel. In this case the sum of over voltages of ionic transfer in the micro-pore and charge transfer
reactions was less than 2 volts. Another drop of voltage is mainly caused by the electric transfer
in the barrier layer. And .the resistance of barrier layer increases because of partial alkalization in

pores at the early stage of electrolytic coloring.

Semi-conductor characteristics of barrier layer were also described under the condxtlons that jonic -

reactions did not occur.
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Fig. 1 Schematic figure for the measurement of the
V-1 curve of the barrier layer of nickel depo-
sited anodic oxide film.
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Fig. 2 Schematic representation of current and voltage
wave forms in electrolytic coloring of anodic
oxide films.

Table 1 Electrolytic coloring conditions in NiSO+-HsBOs

solution on anodized aluminium.

Voltage wave form

A.C. D.C.
Bath temperature (C) 16, 21, 26, 26
Bath voltage (V) 8, 10, 12, 16
14, 16, 18
Electrolytic time (min) 3.5 0.51,
3, 5

O 10V of bath voltage
@ 14V
A18Y

-4 o—
-8 .
0 30 60 90 120 150 180
Time {(sec.)

Fig. 3 Peak current density (I¢p, lap) as a function
of time in NiS0.-HsBOs solution at 26CC.
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Fig. 4 Effect of bath A.C. voltage on L value.
Electrolytic coloring in NiSO+«HsBOs solution

on anodic oxide films.
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Table 2 Kinetic Parameters of electrolytic coloring (unit V).

Anodizing time (min) 7R V(N H) PR+ (NiLH) Nece Color

0.17 1.6 — 1‘. 6 — transparent

1 3.9 - 3.9 - light yellow

5 4.9 — 4.9 - transparent

7.5 6.8 0.7 7.5 — verylight bronze

10 6.8 1.8 8.6 - light bronze

20 6.8 1.9 8.7 - dark bronze

30 6.8 2.0 8.8 20 light bronze
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Heating Form of Faying Edges and
Effect of Convergence-Angle

Experimental Studies on Manufacture of High-Frequency-
Induction-Welded Aluminum Alloy Tube. (Report 1)

by Keizo Namba

This study has been performed on the heating form of the faying edges to be welded and the
convergence-angle at the vee-shape which affects remarkably on the quality of weld in high-
frequency-induction-welded aluminum alloy tube with 20mm outside diameter.

The results show that the heating form of the faying edges assumes a kind of flash .near the
apex of the vee shape. The flash seems to be the part where the high-frequency current converges
and short-circuits, and the faying edges are heated most intensively. It is necessary to supply power-
input enough to form the flash with sufficient brightness in order to melt the faying edges succ-

essfully.

The flash form is siginificantly affected by the convergence-angle. The angle narrower than
5° causes the unstable flash. It is recommended that the angle wider than 6° should be maintained
to obtain the stable flash.

On the other hand, the quality of the weld is, too, affected by the angle. The reasons are the
flash form mentioned above and resulsing effect of welding cycle time. The same recommendation
is offered about the angle to produce the desirable quality.

The angle recmmended is wider than that in welded steel tubes.

It appears that the high-frequency-current does not so concentrate at the faying edges resulting
from proximity effect in the wider angle. Therefore, it is extremely important to control the
convergence angle constantly.
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Table 1 Chemical compositions of test material. (wt%)

| Mg | Cr E Mn Si Fe Cu Zn . Ti Al Remark
| | | ] o |
25 | 0.26  0.01 0.08 | 0.26 | 0.01 0.01 ‘ <0.01 3 Bal. ; AB052
Table 2 Mechanical properties of test meterial.
- . ) Vickers hardness
Tensile properties | (load, 50g)
Tensile strength, Proof stress, Elongation,
ov (hg/mm?) ooa g/mmt) | @ 708 ~ 740
| 71.2
247 ~ 24.9 ’ 20.9 ~ 21.0 | 8~9
24.8 21.0 9
Table 3 Dimensionks of test material. (mm)
Thickness Width Lateral bow/2M | Edge burr
+0.02 +0.1 E=15~ 2 ! 0.05 ~ 0.15
61.5 . e e [
—0.025 -0.1 C=03~15 | 0.10
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Fig. 1. Cross-sectional view of test material (x20:0.7).
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i mpeder
cover Induction coil, ~ Cross-section of A-A
Ferrite core.” Welded tube 1
FC Dicse * :induction coil to squeeze roll centerline distance {mm)
Drcse * Ferrite core to squeeze roll centerline distance (mm)
Dflash = ;Flash to squeeze roll centerline distance {mm)
Da ‘Distace between faying edges under I1C {mm)
a - Conver gence-angle (degree)
£y “length of 1C (mm)
hiiC JInside diameter of 1C {mm)
[T cLength of FC {mm)
bre :Diameter of FC (mm)
d :Clearance between top flanges of sgueeze roll (mm)

Fig. 5

*measured from upstream

Definition and nomenclature of neighbor-hood of Vee-shape.
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Table 4 Introducing conditions of high frequency current. (mm)

Item Induction coil Impeder (Ferrite core)
Length, lic 30 Lengthh, lrc ) 80
Dimensions -
Inside diameter, ¢ic 29 QOutside diameter, ¢rc 8
D
Dicsa 42 Fesa 10
Location T d [oyy 9
dicr 2.5
drcr 11.5
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ol kg —ONIEGEE TOMEE, Drese b RIRLHE
HTI0mmaE#EL I, FCHE, drc 3B Lk 0tk
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DEE, THbbA L E—F— 2 X—(HBVEFCE
E»HAT VT & BEENRTE TOREKE der (H5HE
i drer) 12 9mm (A15mm) T, A ¥ -4 —%xry Dk
FERMOA 5 VT H 3 0EEBICRDE S X5 Utk
OETH B, 545, BiDOr —3 > F&EQrc & 21/min
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SMED 5 SQu — VilBEHROBEEONE Y — ¥ 2kE
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BETH 3,

T © — MR BIL T A ERL, SEELY
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IR 2 BEL 12,

HRERE 45 049588 5

2.4 WERBOHEL®

VB E A Fig. 5 IR UL 51K, 25w 7ds
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DEIRSQu—e i ~Fb72mmEFKOIC LR
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LoE i @iz a=2Tan" Da/144 (BE) W X D EH SN 5,
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KEL LD EZDOHNBETRANDUBHFTI30EDOYD,
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Fig. 6 WRUI L 5 VB 2HE L 585U, Del a
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WT e Ty OPPSHTARENDS LS LI, %1 Fig. 3
DTS5 U~ a=4.2°DBET, FOEHONHEATESD
LEIh, 35iTa>6.4°E %5 S WROREKRITSE
Lofor & BT B,

25 Ty OMBHELZOBRELE

HEEBHB SN —EM ORI AL 322 3. 15T
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a==7.2mm
a=6.4"

Flash White heated edge

a

SQ roll

Direction of tube travel

Fig. 7 Heating form.
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BEO—F»bibhd, DT Ty HiEE
Ty SR HER, MBS FEROERTHY, TO
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I &1, c®77VVJ%mG@b, TNEEET S
cEELI,
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bTucl W75 w2 BRE»LESQuE e 2 F —~D
IS E C DR » Dﬂash ct’jii UTEFIC LT, B
5 E &L, Y 340%)/sec @

T L > TH- T,
2.6 5@%*&@%’%&%@%%75%

«
&)

G'Y
%sz.ﬁ

5 ’C“{fmx [ L/ ,

BT & DY

A\
7
&
%

=126

YRR R uL32325m1ﬂ«t¢5K,%ﬁ§Aﬂ
LTy U R FAEHULY 5L 72;, RO &L,
%&@%bt7%y>;ﬁ%é
PBECdH B, #CTHEIHMAICIGEL T, 20k 5B AR
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Iz T ;*jC'CIﬁHL Ak xE, RERELLY
T v oo {}{’V‘;— /\) ﬁ%{/l ” 2 L L %ﬁ(’{“)%\u
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3. ® B ¥ R

3.1 R/ ET Y VOMBTRE
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Fig. 8 Scale for measuring of Dtiash.
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4.3°L6.2°KWT B 75y v 2 EEOHEREE RO % 225kw EEL B, SIHWIEHMALP a=6.4°L K& L
Fig. 9 1WRT, T b DFRICONTH~ND ELTDE S TH 79w BTIEEN L0, 121U, ZOFREMEB

Thhbo A& 51 1mm BEFHMABETUATIRE & 505
a=43° OBEHEREDLOINDI 75 v a3ty COmE BH b,

A bR mm BT 2D 5 Diash=13mm » 5 & 5T b 3.2 A LBESOESRE

FM20mm e hic-» THi & £h b, AEmici Fig. 9 A a=4.3°L 6.2° 0805, NEOEE L — K

D% S E el s b e U TlE S TIEEIICR B Fig. 10 D& b Tdh B, FHEMIC IR A I
GETH B, CONBEREEANGE2HELTIES BEAYERBRD LN, ULhLIOMEY — 1 2EkE
i, g1z Tableb KR Lo & H1c 7 DD AT &M § UMPEaB 2155 &, PURMICE > TEHE LU WEIEL I,
Regsge bR s h, Ve, Ip, Io & S EBH LWL, Fig Il & FSERB S oS OBEFE Ro—f 2R

a=53" fREELBETT v o s DEIEEPUESL O To CLTWE L CHEBRRONMBE2Z2IRL T3, a=43°
D HLEEL, Diash=11~14d mm ET, HHRO TR L7, L b S 2 Hl U insFezE L
Sl aDBELENE LKL, ANEMFTROTIREH T, BEPRELSIFFICEEN, BN TEd 5 MEME L
BEEAERD LN LD, SR T REOBE $ 389 b1, Fig.1215% L

a=6.2° TR T, Fig 90k > kD79 v v a 727 QUMD 6 SR TE D, a=53tubE
TEIEL L e ) BISEMBEICAET 5, 240 Diasn=10 %R A U T B8, =4 3% IR T s
mm {7 C a=53"0OEE X b § Hmm FHEM, TabbB Wi s, a=62°TREZEAEHNBFELL L
IEERCBTT 5, Lrbd a=53" AR5 v va o TNHDEABFKIEEANGE2HELCIAKETDH
TR T T 5 ATEME, ANTP=20Tkw 5 12, ‘ '

Table 5 Effect of convergence-angle on heating form and power input conditions.

Convergence Flash form % Power input conditions
angle, | Plate Plate Grid | pov.
44 D stzeh Shape Stability | voltage, Vp | current, Iy | current, Ig P_Vp' Ip—la)
(deg) (mm) ®V) | (A (A) o (KW)
Multi-spot S
4.3 13~20 | [0 PT O Bad 7~7.6 | 2.8~3.0 | 0.20~0.30 | 17.6~20.5
5.3 11~14 Ellipse Fair 7.7 3.0 031 20.7
6.2 10 v Fine 7.8 3.3 0.42 22.5
6.4 9 ” ” 7.9 1. 3.6 .0.56 24.0

[« 0.008 soc —|

a=6,2°

Direction of tube travel ——3

Fig. 9 Effect of convergence-angle on flash form.
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Fig. 13 21 5 OES B OEMEMBO—MTH
3, @=4 3°0841Fig 12 iR U BEBL T

Outside

Inside

« ==4,3°

Qutside

Inside

@=62°

Fig. 10 Effect of convergence-angle on bead appearance.

a=6.2°
Fig. 11 Effect of convergence-angle on crack
appearance of flattening-test specimens.

ma Fig 13 R LIZARMNO X e, WRMULTF ¥
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T30 LTERE & IHUA DK & 055 DRI 72 5 B
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iA B

4. & %=

EHESND Ty U OMBAEREHECRAERMBOSE,
VB TREL L 7o = v SHMEA~%D 2 2h 5 RE
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Outside

Inside

Fig. 12 Cross-section of crack of flattening-test
specimen, where a=4.3° (X100).
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Fig. 13 Effect of convergence-angle on micro-structures of welds. (x100x0.9)
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Fig. 14 Etfect of convergence-angle on upset
forms of welds. (x20:20.7)
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Crevice Corrosion of Titanium Tubes in
MSF Desalination Plants

by Shigenori Yamauchi, Koji Nagata and Shiro Sato

Crevice corrosion of titanium tubes in roller-expanding joints has been investigated in conne-
ction with the influence of various factors such as NaCl concentration, temperature, pH, surface
condition, expanding ratio, tube sheet material, and coupling with metallic copper. It was found
that commercially pure titanium tube can suffer crevice corrosion in 4 ~6% NaCl solutions at the
temperatures higher than 60°C, while Ti-0.15Pd alloy tube is free from corrosion up to 125°C. Results
suggested that the crevice corrosion of c.p. titanium occurs due to rapid decreasing of pH of the
crevice solution followed by the active dissolution of titanium within the crevice. It was also rev-
ealed that practical range of pH of a brine and expanding ratio have no significant influence on the
crevice corrosion behaviour of c.p. titanitm tube, while oxide film on the titanium surface, copper
alloy tube sheets, or coupling with metallic copper in the crevice have suppressive or preventive
effects on the crevice. corrosion. Polarization studies indicated that copper and copper alloys in the
crevice can- accelerate the reduction of hydrogen ions to cause the passivation of titanium.within

the crevice.
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Fig. 1 Effects of NaCl concentration and temperature
on the crevice corrosion of c.p. titanium
tube. Lines in the figure show the critical
conditions by other workers.
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Fig. 2 Effects of NaCl concentration and temperature
on the crevice corrosion of Ti-0.15Pd alloy
tube.
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Fig. 3 Cross section of the corroded tube showing
oxide in the corrosion pit and hydride layer
along the bottom of the pit.

(a) Before etching, (b) After etching.
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TOKEAF CEITRIEPBELRICERERTEDEEALS
ns,

3.2 #iF2ORBEEEEBDCSLFIEEERD
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3.2.1 pH oI

PH6 51X 59D 7T 4 ity 2 BT S % Table L
WRT . pH6 BX 9DV THOEE & B ATEE
U1z, Bohlmann 5% % pH8.7 CHEANFELIIC E»
WELTHED, EHINTVAEHEICENT, pH Ek
R BR FEAEBIFIRVEDEELLNS,

3.2.2 REREOK

ik OFHEREDF 2 5T 5558 % Table 2 17k
T, B2 ERL IS, NaCl %ot b
Do, HEREL CBREEAaBIEELRD, BEoE Tl

A, NaCl BB NEENRERABETIOATH- 12
ﬁ,Nﬂl%mﬁ@ﬂdﬁﬁm%ﬁﬁﬁwbto%ﬁ@m
BL O EREEL ZEES, NaCl ®762872 13 g

Fig. 4 Cross section of the corroded tube showing
the hydride layer and needles at the bottom
of the pit.

Table 1 Results of crevice corrosion tests on c.p.
titanium tube in 645 NaCl solution showing
the effect of pH.

| 90°¢C | 125¢C
pH | Number Number | Number | Number
| exposed corroded | exposed | -corroded
i i i i
6.0 J 3 i 3 i 12 I 12
| i |
' \
9.0 | 1 o2 2
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Table 2 Results of crevice corrosion tests on c.p. titanium tube in 6%

EREEL TN

October 1980

NaCl

solution showing the effect of surface condition.

. ;
Surface. condition

Contamination : 90C 125¢C
i i Number | Number | Number | Number
Tube Tube sheet inerevice exposed corroded ‘Q exposed corrodeq -
‘ ! — 3 3 12 12
Pickled Pickled -
NaCl 2 2 2 2
— 2 0 5 1
As received As received - - =
‘ NaCl 2 2 2 j 2
i = 2 00 2 0
i Hot oxidized Hot oxidized — : et :
f NaCl 2 2 | 2 2
Chemically Chemically — 2 0 2v ) w 9 B
‘ oxidized oxidized NaCl 2 2 9 | 2
| Pickled Ae received ‘ N — 1 2 ; 2
! o - L - -
As received Pickled X - - - g 2 ! 2 x
TS DS TFEEE U 22 > - 1205, NaCl 705 d AT BT 2z BN 5, 12170, BENI NaCl OBEs» 5 & R~y

U, MBI D L - 125 OAFBEER T, 05
BEOE T OIS, BMEEABIEELIL, COEEH
&i@%ﬁ%hbtw( ¥ IIEER) DATEL, il
THEBH ENI,
uwaf#b,ﬁﬁww%%iﬁﬁﬁﬁﬁwﬁb *
OB BV AEER B AR IHT 5 b0 L

Table 3 Results of crevice corrosion tests on c.p.
titanium tube in 6% NaCl solution showing
the effect of expanding ratio.

{ v " el

| Expanding 907C 125C
}‘atlo Number | Number Number | Number
(%) exposed | corroded | exposed | corroded
R 2 2 2
10 3 ! 3 12 12
15 2 2 2 2

Table 4. Results of crevice corrosion tests on c.p.
titanium tube in 6% NaCl solution at 125C
showing the effect of tube sheet material.

Tube sheet Number | Namber
Pure titanium | 12 12
Naval brass 3 : 0
“Aluminum bronze C61400 3 § 0
Aluminum bronze C63000 3 0
Surface condition of copper al!o;\; tube sheets : as cut.

e, C@J:ofa
HHIDEABND
3.2.3 HEEROZE v
A OIS EDEE OFR% Table3 1IT/RT, 5~156%
ORI THTN b RIS BT L 7o, IERE
B RIS ASBRELSBE R BLEETVIDEALEN
%

DS LR AR & & b

o

3.2.4 BEHRMEOR
FEGER RV X DOFE % Table 4 [WRT, 4 —
SNOVERR TV T = v AT (C61400, C63000) % fHuTC
%m,w%Wﬁ;muamotocwt%,%ﬁ/M®i
BEARPEDT, HEAOEBEEPREL TV, E1,
%%ﬁ“&@%%ﬁkﬁ#@ﬁ%%ﬁn%Mm%m%w6
NIEd-ot, FRGERE2ERTICER, 72 EOR
AR CHEEULTHERTHS EEDLDNS,

3.2.5 &EMEBROPE
B EMS 1oL X OFGE Table 5 1W/RT . w/E
G e B PN AL 3 s & S BRIET R AR U 2 o T2,

Table 5 Results of crevice corrosion tests on c.p.
titanium tube in Ti-Ti crevice in 6% NaCl
solution at 125C showing the effect of cou-
pling with metallic copper.

Coupling with metallic copper ?ﬁprgge%‘ cNo‘i‘r;lo%eeii
None 12 12
Copper in the crevice 3 0
Copper out of the crevice ‘, 3 3
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Fig. 5 Variation of pH of the crevice solution.
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Effect of Thermomechanical Treatment

on the Ductility and the

Fracture

Behaviour of Al-4.6%Cu Alloy

by Teruo Uno and Yoshic Baba

The effect of thermo-mechanical treatment on the ductility and the fracture behaviour of high
purity Al-4.6%Cu allloy has been investigated to improve the low ductility of the alloy. Marked
improvement in the ductility of coarse grained Al-4.6%Cu alloy can be obtained by proper cold
working and aging after solution treatment, and fracture mode changes from brittle grain boundary
fracture to ductile transgranular fracture. These phenomena can be observed if cold work were
immediately carried out' after solution treatment. Preaging treatment after quenching is undesirable
because of marked decrease of ductility. The marked improvement in ductility is attributed to the

absence of precipitate free zone along grain boundaries,

supression of precipitation at a grain

- boundaries and the precepitation of coarse. intermediate precipitates (6’ phase) in the matrix.
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Fig. 2 Scanning electron micrographs of fracture surface in Al-4.6%Cu alloy. After quenching,
alloy was (a), (b) aged at 403K for 3456Ks, (c) cold-worked by 20% and aged . at 403K
for 345.6Ks, (d) cold-worked by 50% and aged at 403K for 259.2Ks.
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Fig. 3 Comparison of tensile properties between
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Fig. 5 Effect of cold work on tensile properties of
Al-4.6%Cu alloy quenched from 803K, cold-

worked and aged at 463K
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Fig. 4 Effect of cold work on tensile properties of
Al-4.6%Cu alloy quenched from 803K, cold-
worked and aged at 433K.
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Fig. 6 Effect of preaging time on tensile properties
of Al-4.6%Cu alloy quenched from 803K,
preaged at 403K, cold-worked by 204 and
aged at 433K.
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Fig. 9 Transmission electron micrographs of
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On the Distribution of Stringer Defects
in Aluminum Alloy Sheets

by Masahiro Yoshida and Susumu Inumaru

The linear surface defects, called stringers, in aluminum alloy sheets are mainly caused by

the inclusions in the molten aluminum.

This report describes firstly the distribution of stringers in commercial aluminum alloy sheets
and then the effects of the alumina particles on the surface defects of sheets.

The results obtained were as follows.

1) The distribution of stringers in the thickness direction of the sheet was almost uniform.
2) The number of stringers tended to increase at one end of the coil correspond to the top

portion of the rolling slab.

3) Quasi-stringers were generated by the alumina particles added to the melt. The inclusion size
was estimated from the stringer length and the rolling reduction by a simple equation.

4) The distribution pattern of the inclusion size or the stringer length was expressed by Rosin-
Rammler’s equation, R=100 exp [—(D/k)"] (R; cumulative residue, D; inclusion size, &, #;

constants).
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Table 1 Chemical compositions of materials. (wt%)

N Elements
[Alloy

| 5657 0.08/0.090.01/0.010.79/0.01|0.010.01
E 5N01 10.05/0.080.07{0.000.50]0.000.000.01
i

Si | Fe | Cu |Mn Mg [ Cr | Zn | Ti

T
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Fig. 3 Distribution of stringers in the 100 mm
square 5657 alloy sheet.
(a) and (b) correspond to Fig. 2(a), tail
and Fig. 2(b), head, respectively.
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Fig. 5 Appearances of stringers in the commercial
aluminum alloy sheet (a) and test rolled
sheets (b) ~ (d).

(a); BNOL alloy, 1 mmt.

(b); 19z particle addition, 1 mmt.
(¢); 73 particle addition, 1 mmt.
(d); 73¢ particle addition, 0.2 mmt.

2y H—BES LR2ZOROEER T/t (T; BRIES,
t: FEMEM O E) THLIZIET & %, IWIRT-& & L/(T)
BRI RTELDE, ALY H —OREDBZVHEED
L/(T/1) OREEEINET RO HCHEL TS,
LR EMDE, ANY L H—EIRFEOEEMOERELT
BUTEE, AN v~ DBRERELINTEHORES %
BEAELTWB EEALNS, T L, Fig.7 ~Fig. 9
ONTENOES L, BEROC -7 BA I T —RIOD
NS nHIREE D, Fig. 1 RS N3 RINKT ORESE
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test-rolled 1 mm thick sheet (73p particle
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Fig. 7 Distribution of stringer length in 1 mm thick
test-rolled sheet (192 particle addition).
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Fig. 8 Distribution of stringer length in 1 mm thick
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Fig. 10 Distribution of stringer length and cumulative
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Fig. 11 Distribution of stringer length and cumulative
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Table 4 Molten metal treatment of test materials.

Materials Molten metal treatment
N:2-+Cl: treatment,
5657 (1) Alumina ball filter
Nz+Cl: treatment,
5657 (2) Alumina ball filter
- N:+-Cl: treatment,
SNo1 Glass cloth filter
N:+Clz treatment,
: 5N01 (test slab) Unfiltered
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