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Yoshifusa Shoji and Shigenori Yamauchi

The effect of titanium, chromium, and zirconium additions on the corrosion resistance of Al—
1.1%Mn—1. 0%Mg —0. 6%Si—0. 5%Cu alloys for automotive heat exchangers was atudied by the
accelerated corrosion tests of SWAAT, cyclic alternate immersion, CASS, and AASS. Addition of
0.16% titanium reduced the maximum corrosion depth nearly by half, and changed the corrosion

morphology from pitting accompanied by intergranular corrosion to lameller corrosion. On the

other hand, addition of chromium and zirconium did not show the significant effects. In thespecimen

with titanium, the corrosion morphology related directly to the lameller distribution of titanium

in the solid solution, namely the layers of low concentration of titanium corroded preferentially

to the layers of high concentration. This was attributed to the galvanic action between the low

concentration layers and high concentration layers, because higher concentration of titanium exhib-

ited more noble pitting potential. The change of corrosion morphology was related to the decrease

of maximum corrosion depth.
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Table1 Chemical composition of alloys. 1.0
No Chemical composition (wt%) \g 08l M
Si | Fe | Cu{Mn|Mg| Cr|Zn| Ti| Zr | Al %
[e}] 06_
1 10.56]0.1410.48|1.14]0.96 0.01]0.0010.010.00| Bal 2
(o]
2 1056015049 1.12|097]0.01/0.00]0.180.00] » g 0.4}
S
3 105410151048 (1.1410.910.11]0.00:0.01,0.101 » @
% 0.2r
: ]
AWML 7284, 558 No.3 350k No.1 iz Cr, Zr 27 0
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Fig. 1 Maximum corrosion depth after corrosion test
for 2weeks.

Perforation

1.0 AL
~ 08l No.i
£ o
£ No.1
=]
§06— No.2

- INO.

s o/_o
3
= 041
3 fu]
% o}
s

0.2+

0 ! | |

0 2 4 6 8

Test period (week)

Fig. 2 Maximum corrosion depth after alternate
immersion test.
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Table 2 Corrosion test methods.

Test Solution

Condition

SWAAT (ASTM, G43-75)

Synthetic sea water, pH3 Cycl

> Spray 30min 49°C
e
L Soak 90min 49°C, 98%

Alternate immersion

3%NaCl, pH3

> Immersion 30min 40°C
Cycle ]
G Dry 30min 50°C

CASS (JIS, D0201)

5%NaCl+0.26g/1 CuCly, pH3

Spray 49°C

AASS (ASTM, B287—74)

5%NaCl, pH3

Spray 35C
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Fig. 4 EPMA analysis of cross section of specimen No. 2 after alternate immersion test for 4 weeks.
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Fig. 5 EPMA line analysis of cross section of specimen
No. 2 after alternate immersion test for 4 weeks.
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Fig. 6 Titanium concentration profile of specimen No. 2.
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Fig. 7 Effect of titanium content on pitting potential
of 99.75%Al.
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Fig. 8 Effect of titanium content on pitting potential of
Al-1.1%Mn—1%Mg—0.6%Si—0.3%Cu alloy.
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Development of a Rapidly Solidified
Al—Fe—S1—Cu—Mg Alloy”

Yoshimasa Ohkubo **, Kazuhisa Shibue***, Hideo Mizukoshi****

Shigenori Yamauchi***

and Susumu Inumaru**

A new Al-8Fe-2V-17Zr-2Cu-1Mg-3Si alloy (PA107) has been developed for the elevated tempera-
ture application by means of rapid solidification and powder metallurgy processing. It contains
a large volume fraction of fine globular dispersoids which are determined as the cubic-AlFeSi phase
(AlwFesSiz). The alloy has high fatigue and tensile strengths at room- and elevated temperatures,
due to the effect of solid solution hardening of Cu and Mg. Furthermore the alloy has high Young’s
modulus, low coefficient of thermal expansion and good formability of forging.

1. Introduction

Aluminium alloys containing ~ 8wt% Fe and
a few elements such as Ce, Mo, V, or Zr ob-
tained by rapid solidification and powder met-
allurgy processing are currently a focus of at-
tention for elevated temperature applications.
A number of P/M Al—Fe system alloys have
been developed. For example, Al—8Fe—2Mo—
1V (by Pratt & Whitney Aircraft)?’, Al—7.1Fe—
6.0Ce (designated as CZ42 by Alcoa)!’, Al—8
Fe—1V—28i (designated as FVS0812 by Allied-
Signal)? and Al —8Fe—2V —1Zr (designated
as PA104 by Sumitomo Light Metal)®. Those
alloys had considerably high tensile strength
and creep resistance at elevated temperatures
and desired to replace heavier or expensive
materials such as steel or titanium alloys for
airframe structure and engine part applica-
tions.

In our investigation®, however, it has been
found that the replacement is difficult because
of their low notched fatigue strength.

We found that the Cu and Mg additions to
a P/M Al—high Si alloy was effective toimprove
the fatigue strength at room- and elevated
temperatures®. On the other hand, Skinner and

* Presented at Proceeding of the First Japan

International SAMPE Symposium and Exhibition,
Nippon Convention Center, Chiba, Japan,
Nov. 28-Dec. 1, 1989.

¥ P/M Alloys Products Development Dept.

***  Metallurgical Technology Dept.

*x+x Applied Technology Dept.

co-workers reported? that the Si addition to
the Al—8Fe—V alloys improved the fracture
toughness.

The objective of this paper is to develop an
aluminium alloy for elevated temperature.
Firstly, as mentioned above in the case of a P
/M Al-Si alloy, the Cu and Mg addition to the
Al—8Fe alloy were conducted to improve the
fatigue strength. Secondly, the effect of Si ad-
dition was investigated in order to improve
the ductility of the Al—8Fe—2V —1Zr —2Cu—
1Mg alloy.

Consequently a new aluminium alloy, named
as PA107, was developed.

2. Experimental Procedure

The composition of the alloys used in this
study are listed in Table 1. Alloys A to D are
to make clear the effect of the Cu and Mg ad-
ditions. Alloys D, E and F contained 0%, 2%
and 498SI, respectively, are to study the effect
of the Si addition.

The alloy powder were produced by helium

Table 1 Composition of specimens. (wt%5)

No. Fe A% Zr Cu Mg Si Al
A 8 - — - - - bal.
B 8 — — 2 1 - bal.
C 8 2 1 — - - bal.
D 8 2 1 2 1 — bal.
E 3 2 1 2 1 bal.
F 8 2 1 2 1 bal.
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gas atomization and sieved to under 149 g m.
They were cold pressed into green compacts
(about 75% density of the fully dense material)
with 63mm in diameter and 150mm in length.
The green compacts were canned into 6063
aluminium alloy cans and degassed in vacuum
at 450°C for 1h. After the cans were sealed, the
canned compacts were extruded to the round
bars (18mm in diameter) by an indirect extru-
sion method at 400°C, and the extrusion ratio
was 15 : 1. The extruded bars were heat treated
to T4 temper : solution heat treatment at 480
°C for 1h, water quenching and room tempera-
ture aging for more than 200h.

Tensile test was carried out at temperatures
up to 200°C, using the specimens with the 35mm
gage length and 8mm in diameter. Notched
tensile test was carried out according to ASTM
E602—281 to estimate the toughness. Rotating-
beam fatigue test was performed with notched
specimens at the temperatures up to 150°C. The
stress concentration factor® of the specimens
was K.=3.1. The specimens of elevated temper-
ature tensile and fatigue tests were supplied
after exposure to test temperatures for 100h.

The microstructure of the extruded bars
was characterized by transmission electron
microscopy (TEM), energy dispersive X-ray
spectroscopy (EDX) and X-ray diffractometer.
Thin foils for TEM were prepeared by twin
jet electropolishing in 1 : 2 HNO; : methanol
solution at —20°C.

3. Result and Discussion

3.1 Effect of the Cu and Mg additions

Fig.1 shows the tensile properties of alloys
A and B as a function of test teperatures.
Tensile strength of alloy B is higher than that
of alloy A in the test temperatures owing to
the Cu and Mg additions. The elongation of
alloy A is not influenced by test temperatures,
while that of alloy B increases above 150°C
rapidly. This phenomenon is distinctive feature
on the Cu and Mg added alloys. Even the case
of alloy D, the similar tendency of the tensile
properties appears in Fig. 2.

Alloy D has superior tensile strength com-
pared with alloy C. However the elongation
of alloy D is only 0.3% at room temperature.

B B #® April 1990
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Fig. 1 Comparison of tensile properties of Al-8Fe (alloy A)
and Al-8Fe-2Cu-1Mg (alloy B).
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Fig. 2 Comparison of tensile properties of Al-8Fe-2V-1Zr
(alloy C) and Al-8Fe-2V-1Zr-2Cu-1Mg (alloy D).

The notched fatigue properties of specimens
at room temperature and 150°C are shown in
Figs.3 (a) and 3 (b), respectively. Notched
fatigue strength of alloy B exhibits much
higher than those of alloys A and C at room
temperature and 150°C. Although alloy C has
high tensile strength compared with alloy A,
it has low notched fatigue strength like alloy
A. Tt is evident that the 2Cu—1Mg addition
significantly increases the notched fatigue
strengths at room- and elevated temperatures
as well as the tensile strength.

Fig. 4 are TEM micrographs of alloys A and
B in T4 tempered condition. In alloy A, the
subgrain structure is shown clearly. It is con-
sidered that the recovery of the extruded struc-
ture occurs while a cooling period after the
extrusion and a solution treamentin T4 temper.
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specimens at room temperature and 150°C. The tensile properties of alloys D, E and F
(stress concentration factor k,=3.1, 1750rpm) are shown in Fig. 5 as a function of Si content.
The tensile strength increases with theincrease
700 | of Si amount at room temperature and 150°C,
(a) Tensile strength
/;———Eﬁ)‘ 20 ) Elgngation 200C
18

600

16 /
q 14

<
S 500 i / /'—\150(:
% 150C_ | S / / \
5 — T 10
5 1»——-/( % ./ / \0\
Z 400 w 8
: s/
L
\ 200°C A c/
300 = s RT

1
200 ) | 0 Q"l/[ |

0 2 4 0 2 4

Si content (wt%;) Si content (wt%)
Fig. 5 The effect of Si content on tensile properties of Al-8Fe-2V-1Zr-2Cu-1Mg-Si alloy.
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but decreases at 200°C. On the other hand, the
elongation monotonously increases up to 4%
Si at room temperature. At 150°C and 200°C,
the elongation reaches a maximum value on 2
%S1.

The effect of Si content on the notched tensile
strength is shown in Fig. 6. This trend is similar
to the elongation. Namely the toughness has
a peak around 2%Si.

600

500

400 —

300

Notch tensile strength (MPa)

i |
200 0 2 4

Si content (wt%)

Fig. 6 Notch tensile strength of Al-8Fe-2V-1Zr-
2Cu-1Mg-Si alloy at 200C.
(Notch shape is defined in ASTM E602-81.)

TEM micrographs of alloys D, E and F con-
taining 0%, 2% and 4%Si respectively, are
shown in Fig. 7. In alloy D, the irregular dis-
persoids are observed. According to the X-ray
diffraction and the EDX analysis, they are
mainly AlzFe.Cu phase, and AlsFe phase with
a small amount of V is also observed. While in
alloys E and F, the small globular dispersoids
are densely observed. They are determined as
cubic-AlFeSi phase with the lattice parameter
of 1.253nm. Although it is not introduced in
JPCDS cards, it is usually designated as Alx
FesSiz phase®®. There are also a little rod-like
particles identified as B-AlFeSi phase (AlFe
Si1), lumps as Mg:Si phase and Silump in alloy
F. Moreover, Cu and Mg are detected in the
matrix of all alloys by the EDX analysis. Sche-
matic diagram of the construction of disper-
soids which is estimated by above observation

10

(Si=0%) kb) alloy E

(a) alioy D

(c) alloy F (Si=4%) (d) alloy F (Si=4%)
Fig. 7 TEM micrographs.
50
8 phase . Al;Fe (monoclinic)
O phase : Al,;Fe,Cu{orthorhombic)
’\8 40} C phase : AlyFesSi, (cubic) B
S B phase : Al;FeSi (monoclinic)
[
'% 30F Al matrix (soluted Cu) 1
@©
©
£
S
=)
>

0 1 2 3 4 5 6 7 8
Si content (wt%;)

Fig. 8 Schematic diagram of the construction
of dispersoid in Al-8Fe-2Cu-Si alloy.

and the stoichiometric calculations of disper-
soids 1s shown in Fig. 8, where V, Zr and Mg
are taken no thought of the calculations. It 1s
considered that the improvement of the ductility
would be related to the formation of cubic-Al
FeSi phase and the disappearance of AlxFe
Cu phase, AlFe phase and B -AlSiFe phase
(AlsFeSi).
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3.3 Properties of Al-8Fe—~2V—1Zr—2Cu—

1Mg—3Si alloy

Based upon the foregoing results, the opti-
mum Si content in Al—8Fe—2V —1Zr —2Cu—
1Mg alloy was determined to be 3%.

The alloy was named as PA107. The bars of
PA107 were extruded from billets of air atom-
ized powder with 145mm in diameter (extru-
sion ratio of 12 : 1). The physical and mechan-
ical properties are summarized in Table2 as
compared with conventional heat resistant
aluminium alloy 2618. The tensile and fatigue
strengths of PA107 are higher than that of
2618 aluminium alloy. And PA107 has higher
Young’s modulus and lower coefficient of ther-
mal expansion compared with 2618 alloy.
Furthermore, PA107 has good formability of
forging. The alloy could be forged to a con-
necting rod shape by two steps impressions
(a blocker and a finisher impression) at 430
°C as shown in Fig. 9.

Table 2 Comparison of properties of P/M “PA107”
and I/M 2618,

PA107-T4 | 2618-T6
Density (kg/m?) 2910 2730
Modulus of elasticity (GPa) 93 74
Coefficient of thermal expansion (x10°¢/C) 19.5 23.2
YS(MPa) 510 367
RT | TS(MPa) 627 440
EL (%) 2.0 9.0
YS 353 314
Tensile
i 150C* | TS 456 351
properties
EL 12.3 16.0
YS 255 228
200C* | TS 312 261
EL 20.3 26.6
smooth 265 150
RT
Fatigue notched® 127 80
strength smooth 180 115
at 107 150 C
notched® 75 60
cycles
(MPa) smooth 155 100
200°Ct
notched® 65 50

(1) exposured for 100h
(2) K(=3.1on PA107 and K.=2.4 on 2618

11

Fig. 9 PA107 forged connecting rod and the preform
(exruded bar).

4. Conclusion

1) The Cu and Mg addition to Al—Fe base al-
loys improved fatigue and tensile strengths.

2) The Si addition to Al—Fe—Cu— Mg base
alloys improved ductility. The optimum Si
content was within the range from 2% to 4
%.

3) The Al—8Fe—Cu—Mg—(2—4) Sialloys had
the globular dispersoids of the cubic-AlSikFe
phase (AlxSisFes).

4) The Al—8Fe—2V~1Zr—2Cu—1Mg—3Si alloy
(PA107) was developed, which has a good
combination of tensile and fatigue strength.
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Brazeability of Aluminium Oxide Dispersion
Strengthened Copper Lead Wire

Masaki Kumagai, Koji Ngata and Toshihiko Watanabe

fE R &R T3 ek 20 &+ Bl i JE P



o
#

MiFf 24

ESEEM T )L 3 FoER L

) — MDA S i

E o &k ETT

Brazeability of Aluminium Oxide Dispersion
Strengthened Copper Lead Wire

Masaki Kumagai, Koji Ngata and Toshihiko Watanabe

The application of aluminium oxide dispersion strengthened copper (ODSOC) alloy to high perform-
ance silicon diode lead wire seems to be very promising, because ODSC has both excellent softening

resistance at elevated temperature due to fine dispersoids of a stable aluminium oxide and high

electrical conductivity.

The object of this work is to investigate the brazing failure between the lead wire and the Mo
heat sink of silicon diode using a copper phosphorous brazing filler matal (Cu—15Ag—5P), and

to propose the countermeasures.

The following results were obtained.

(1) The optimum range of brazing temperature and time for ODSC wire is narrow as compared
with that for oxygen free copper wire. Namely, ODSC wire must be brazed at higher tempera-

ture and for longer time.

(2) In the brazing of ODSC, the melting point of the brazing filler metal increase because Ag and

P in the brazing filler metal is apt to diffuse readily into ODSC wire.
(3) The optimization of the area ratio of ODSC to OFC (sheath and core) leads to get the sound
brazing joints without decreasing of strength and electrical conductivity.
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(1) BREROWI TV 78R Y - Mg

Ar 27 b= ZFITE D Cu—0. IwtB Al B4k &K
ZVEBIL, 105 umPINIC/A Lic b o & FRIAR & L
THEHA LI, TOBMEO—E KK B T300°C TEHE
fbxdic, BREMOER, 7 =1 X0F T oEKIC
BE N AMRERIZ0. 03wt Y%, REB/LZOBKICEE
NAMERIEL 2Bwt%BTH - 7o REBILL 2BK%E
REBALDOBMRIC S wtBiRE L, T DREAK % #2254
mm O R M B A L 900°C THERERL AL %,
B 5 I AR60mmic B U, A4 825mm iz #45 FLE 2E
U7k, i & 0 EE0. T8mm Ok & L o,
TN FOEEELRY — RO A S ERES E
BTN F O ROBIEE RO L &
ANTHBEEL, WBEREAREES L) — FR%E
ERIL 12, & 50T, 7V R L O Ee & Fb
SEBICHiy, HITBECRKTAMA LD Y — FiR
YU ERRIO AR T 2 b0 b/EH L 72, B 0E
ELWTENC 530 % 7V 3 S E0E LR O TR (area frac-
tion of ODSC ; Ap &, EERMEMNMGTORNELEZL S
&I & »T28~82%1cE{LsE, ThE2ODSCI &L
Too S 6IC, WERRAEGTIICEBREHOTEZHAL
725 D% ODSCI & L7z, ODSCI DRI/ o il
BRIENUT—EE Lize TNODOMMETIML, ~v
=T X DEERRERE lmmo ¥ By — Fiic L
bDEAIMTRBICH L, HEMELT, HERLD
44— FHY — FEIZHV STV 3 EEEHR O R
J— K (OFC) L7z, ODSCI ofR&EFIE LT
TV 3 s LR DR A5 % DM D T40°C X 5
min §E7 F LB O S R UBESIZEE % Table 11T/RY,

Table 1 Properties of ODSC I (A =45%).

Material Hardness after Electrical
of lead annealing'? conductivity
wire (Hv) (% IACS)
OFC 45 102
ODSC 1 115 94

(1) Center of wire. Annealing condition : 740°C X 5min.
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ODSC I @7 v X F Sy Ea LR I S BR FR0R I Hr ~ T 4
WELBOEL, 14 —-FHY) — FiELTEEkan
B90NIACS Y FOBKEREAF L TV,

(2) SEBRER W7V FOEEREE Y — FiR
Cu—0. Iwt% Al B4 OB S BTHIE, 4 R,
N~y =T EDEFEO Y - FRAFERI L, Chik
107° Torr OEZEHRTTOCITINBAL, HEKE ASTM
No.d OFFERAMME Lictk, BESEA10atm & L
FeEHRA APTI00°CI B L, Y — FEOAERO. 1
mmAENTBIL S b DA{FRIL 72,

2.2 HBFE

(1) A5 fTEtEa

EHSA A — FEREL, BRI E 1 m, EX60
tm® Y AHA S BCuP 5 (Cu—15wt%Ag — 5wt % P)
ZEE FOoLce—1byy 2 LT Im BEX 1m
D Mo %@ &, IRETHRL THEF 2 3 (i3 %17 - 72,
AT EEPREL0 Torr IWIRFE L7288, Ar #
ZEHKI B L TIT - 1o FAFRERFM % 60min (G
13200°CE ) &L, HEHREA690°C~815°C, {FEqk:
%0, Smin~50min ICZA LS ® T A 5 BT -
7o

A fHF L Fig. 1ICR$90° 8 0 38 U i stk ©

LA BB O Y — EICASTE (1KY F)

BEOEHRDL, AOF0E290°F 3 EESTA S
JEPHEE L b OERBE Ui, 14> %200
R R L, 2ucdd 2 RROE SR 2
FHERERE Lz, %o Fig. 4,5 R 15T, il
EHBABRBEN 0B OEE20, 0~25%DE%A, 256%
PlbofiaxE LTERL,

90°
: (3times)

Lead wire —
(¢ 0.78mm)

Fig.1 Bend test method.
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H 5 £ eob obsC1 a 4
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.
L 0 : ‘ =0 6

Specimen
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Fig. 2 Stiffness test method.

3. EBRBERRUBE
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TV SRR LR O RIREER45%6 D ODSC I U OFC
WoWT, ASRFEEE0. Smin ok 3 5 S T RE
LHITEBR R R OMG % Pig. 310K, EEMNLER
TR - TREBRIED L, 790°CLETOITE » 72,
ODSCI DARBHRIREFEICBVWTOFCOF LD K
&, A ST REOTRMWSCEHRMICEITT
B HE AR Lo

ODSC 1 (ODSCTH#E#45%) KU OFCIt>W\WTA
IFHRETRERVCIEROEELFH NI, OFC
ORERFER % Fig. 4 1WRd, Kt OREEHIE T & OFC
R A ST T & 7, ODSC I ORERFE % Fig.
51CRT . NP OSERERTIZ ODSCT fHfEN L 59
iy TEI, OFCICH~T, ODSCI @A 3 fFiF AR
OFAE LR OWEIHE AR O RBEINIZSDITE » T,

|
665 690 715 740 765 790 815 840

Brazing temperature ('C X30s)

Fig. 3 Relation between brazing temperature and bend
test failure.

n=20
840, . -
815 ® o O

f% 790} o o O

g 7651 ® O O

§ 715¢ X X )

" 6o0l X X
665 05 5 50

Brazing time (min)

Fig. 4 Relation between brazing condition and bend test
failure in OFC.

840y

790

765

740

Brazing temperature (C)

715

690

665 . 1 '

Brazing time (min)

Fig. 5 Relation between brazing condition and bend test
failure in ODSC 1.
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OFC

0oDSC

— e OFC sheath

ODSCI (A=45%)

Fig. 6 Microstructures near brazing interface.
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740°C X 5min TA A1 L% D, ODSC I} OFC
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fzo ODSC I YV — FRSEH D SBMM A Z L L T
5D, Mol TR OFCITHE~A S OHIF OB AL L
MoTWwi, £/, OFC T Mo &) — FEOMICTA

Mo
Brazing metal

Fig. 7 SEM image and EDX results in the front of brazing
area of ODSC.
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T EOA BT 25A S, ODSC I OMEE D S
EM 8% U EDX ks R % Fig. T IR §o MBI I3
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25 WE 3 7 ol % Fig. 8 iR T, AT
o EDX s Ric & 5 &, #1& (1 0¥s) & Cu
Uy FOMBETHY, MRMOLREE (208 TR
Ag BRU P MEL Ao,

Brazing metal

Lead wire

Fig. 8 Cross section near brazing interface under the brazing
condition of 740°C X 5min in OFC.
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0.1mm

—

Brazing metal ¢

Lead wire

Fig. 9 Cross section near brazing interface under the brazing
condition of 740°C X 5min in ODSC L

8158

790

765

740

715

Brazing temperature (C)

690

0.5 5

Brazing time (min)

Fig. 10 Comparison of the range of suitable brazing condition
between ODSC [ and OFC.
a : the region that both OFC and ODSC I failed, b
and d : OFC was no failure but ODSC [ partly failed,
¢ : both OFC and ODSC I were no failure.
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41— Brazing metal

T~ Lead wire

Region ¢ Region d

Fig. 11 Cross section near interface between Mo and brazing metal in ODSC brazing.

Layer of

internal oxidation

A Cu-0.1wt%Al alloy

0.2mm

Before brazing

Fig. 12 Result of brazing of ODSC lead wire by I/M process under the condition of 740°C X 5min.
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Area ratio, A; (%) Fig. 15 Relation between brazing temperature and bend
test failure in ODSCI1.
Fig. 13 Relation between ODSC volume fraction and bend test
failure under the brazing condition of 740°C X 5min.
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Fig. 14 Relation between ODSC volume fraction and stiffness,
and electrical conductivity.
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ODSC[ (A=30%)

Fig. 16 Cross section near brazing interface in ODSCII.

Table 2 Properties of ODSCII (A1=30%).

Material | Brazing failure | Stiffness Electrical

of lead 740°C X5min. |20gX10cm conductivity

wire (%) (deg.) (9%IACS)
OFC 0 >60 102
0DSC 0 44 96

ODSCI OREFEHE % Table2 ICE & D, TDY —F
BMEASIFNIRBEAEL BT EBL, BERUCESLE
UEBRLTBY, 75 2BERS 14— FHY - M
ELTHOEMATRETH B EEZ NI,
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Prediction of Geometry of Drawn Inner Finned Tubes

Numerical Simulation of Geometry of Products
in Non-Axisymmetric Extrusion and Drawing Processes (Rep. 4)
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Prediction of Geometry of Drawn Inner Finned Tubes

Numerical Simulation of Geometry of Products

in Non-Axisymmetric Extrusion and Drawing Processes (Rep.

4)

Manabu Kiuchi and Shigeo Iijima

An analytical method based on the upper bound theory is developed for-extrusion and/or drawing

of finned tubes which have straight radial fins on inside surfaces. In order to confirm the useful-

ness of this method, a series of experiments are carried out with respect to the drawing of inner

finned tubes by using dies with varied die angle and raw tubes with varied diameter and thickness.

The measurements concerning drawing force and fin height of drawn tubes are compared with the

calculated values.

The calculated drawing force and geometry of drawn inner finned tubes show good agreement

with the experimental measurements, and the effectiveness of this method is confirmed.

Through the analysis, effects of working conditions and geometry of die and plug on the geome-

try of drawn inner finned tubes are systematically clarified, and knowledges which are helpful for

the design of die and plug are obtained.
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Fig. 1 Schematic illustration of co-ordinate systems and
generalized geometry of workpieces in dies.

21

B, COHREEOKREE, SAMEESVTNLS
RSO (¢,y) WC RSI(¢,y) OBEEEB->THD,
RSO(¢,y), RSI(¢,y) MHAOGNEE, HbicaeT
OHMERSZEE T B EMTREE LY, iV T, £
HERIGETEIRER>TVDIHRED S,

A 2D B VLTS5 TIEANOBIIN LA O iR
RAeTHS 552 5 R OFES PR~ TR~
DT, L OFHEHIZEET 20, LIFRATm 7 « VT &
HEOBEORANEEZTOBERYT, T1bE, Fig.
QIR L DT, —SEBR TR ERD 75 S L,
T4 VEIBEERELTYAR - T3 SHTOHM
THOERR (WEER) E2GEL, R(D~B)THb
ENDHEFEE AN T THINIH OB EHEFRL,
WINTHM OB 2 E (L s o> &fHEL KD 5
iz L, HBERNR/NER S 7 4 VA& B 2R
RASZVEER 7 « vEEEEZBILET B,

AFETH OV NE 7 « ¥ 2B o€ 57 v % Fig.
3IRT . MITICEL TR, F4 X 75 7 RUHINL

—-— Geometry of plug
(or mandrel)
—— Geometry of workpiece

\ V) Contact area

4 of inside
fﬁ%@éiii‘* 4

o 2

ROO

ARZONW
_i 4

-

Fig. 2 Schematic illustration of a workpiece in the drawing
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Fig. 6 Geometry of employed grooved plug.
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Table 1

Tested conditions for experiments and
the obtained results. (Case-1)

Table 3 Tested conditions for experiments and
the obtained results. (Case-3)

Tested condition Result (B/H)c Tested condition Result (B/H)c
Symbol | Raw tube | Die angle | Product tube . Calculation m=0.10 Symbol | Raw tube | Die angle | Product tube . Calculation m=0.10
. , . Experiment . . xperiment
size(mm)| (deg) | size(mm) m'=0011 =003 | m'=0.05 size (mm) | {deg) | size (mm) m'=001| m'=003| w'=0.05
A-35 25 0.01 | o 0o | o A—25 |0y T 0.32 | 0.34 | 033 | 0.32
o D 20 X170
A-16 16 0.01 0 0 0 B'—25 | 20x165 0D16.5¢ 0.40 | 0.47 | 0.43 | 0.40
A 2°x17.0°
A-12 ] 12 0.01 00200 0 0 C'—25 | 0x160 | 25 | 0.48 | 0.58 | 0.52 | 0.47
(t150) - . (143°x1239)
A-§ 8 0.02 |0.024 0 0 D'—25 | 20x155 0.52 0.69 | 0.60 | 0.52
B-25 25 0.09 [0.15 | 0.14 | 0.12 E'—25 1 20159 046 | 0.73 | 0.64 | 057
. B-16120x165] 16 0.14 [0.16 | 0.15 | 0.12 - *:(Top dia. of plug X Bottom dia. of plug)
B-12] (1.75) 12 0.14 10.17 | 015 | 0.11
B-8§ 8 0.17 10.18 0.15 | 0.10
D175
C-2 25 0.20 10.33 0.31 | 0.30
o |G 20X165] 16 |qygeizgn| 030 | 0.4 | 032 | 0.30 5 f \\/ é
C-121 200 12 0.30 10.35 0.32 | 0.28 et
C-8 8 0.28 10.36 0.32 | 0.26
D~ 25 0.40 | 0.49 | 045 | 0.38 —
b D-16120x155] 16 0.40 1 0.50 0.45 | 0.37
D-121 (2.25) 12 0.40 {051 0.44 | 0.36 (a) (b)
D-8 8 0.37 |0.52 0.42 | 0.32
- 25 050 1054 | 049 | 046 Fig. 7 Description of fin height and measuring points.
e E-16{20x1580, 16 0.47 1055 | 0.49 | 0.44
E-12| (2.50) 12 0.42 10.56 | 0.50 | 0.43
D ; D
B8 8 042 |057 | 047 | 037 e Pworsiece e P
% 1 (Top dia. of plug X Bottom dia. of plug)
Table 2 Tested conditions for experiments and z Y
the obtained results. (Case-2) E} \ 7 e I ;{
Plug ) Plug .
Tested condition Result (B/H)c Plastic zone Plastic zone

Symbol | Raw tube | Die angle | Product tube . Calculation m=0.10
} ) Experiment
size (mm) | (deg) size (mm) ' =001 m'=003] m'=0.05
F-25 25 0 0 0 0
0p D
F-16 16 0 0 0 0
F 180°x150°
F-12 12 0.01 0 0 0
(t1.50)
F-38 3 0.04 10.002] 0 0
G2 25 0.07 | 0.10 | 0.10 | 0.10
0D 175°
G G-16|185x150 16 | 0.11 | 0.12 | 0.10 | 0.10
G-12| (7 | 12 [gexizg 013 | 0.14 | 011 | 0.10
G-8 8 0.15 | 015 | 0.12 | 0.10
H-25 25 0.26 | 0.33 ] 0.32 | 0.30
. H-16{190x150| 16 0.30 | 034 | 0.33 | 0.30
H-121 (200 12 0.34 | 035 | 0.33 | 0.30
H-8 8 0.25 | 036 | 0.33 | 0.29
[-25 25 0.36 | 0.49 | 0.45 | 0.40
' [-16 |195x150, 16 0.42 | 0.50 | 0.46 | 0.43
[-12] (225 12 0.46 | 0.51 | 0.46 | 0.42
[-8 8 041 | 052 | 0.44 | 0.44

# (Top dia. of plugx Bottom dia. of plug)
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(Experiment) (Simulation model)

Fig. 8 Modified plastic zone for analysis.
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Fig. 10 Mechanical properties of employed copper tubes.
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Fig. 11 Comparison of calculated result with experimental
measurement with respect to drawing force.
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Fig. 14 Geometry of fins obtained by experiments
and calculations.
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Fig. 17 Effect of die angle on maximum fin height ratio.
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Heat Treatment of Aluminum Alloys

Shin Tsuchida, Hideo Yoshida and Seiichi Hirano

Recent research and development about heat treatment of wrought aluminum alloys are reviewed.

First, metallurgical studies about heat treatment of ingots, solution heat treatment, quenching,

artificial aging and annealing are summarized. The dissolution of segregation, precipitation of

transition elements and transformation of metastable phase in ingots are described. In quenching,

the effect of cooling rate on the precipitated structures, the estimation of quench sensitivity are

noted. The effect of split aging, cold working after quenching and annealing at low temperature

on mechanical properties are also described. Further, new temper and thermomechanical treatment

are introduced. Secondary, industrial development of heat treatment in practice, the kind of fur-

nace, the control of furnace atmosphere and quenching method are summarised. Finally, further

development of heat treatment is predicted.
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Applications of Rare Earth Metals
for Functional Materials

Eiji Nakamura and Katsuhisa Itoh

Some novel applications of rare earth metals for functional materials have been reviewed along

with the description of unique natures of the rare earths.

Recent developments and improvements have been discussed on the materials such as permanent

magnets of samarium-cobalt and neodymium-iron-boron alloys, magnetostrictive materials, work-

ing materials for magnetic refrigeration, regenerator materials for cryogenic refrigerator,

amorphous films for magneto-optical recording, and hydrogen storage materials.

Special emphasis has been placed on a detailed description of the relations between the fundamen-

tal properties and the functions of the materials, and also devoted to the aspects of recent devel-

opments.
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