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Measurement and Estimation of Mean
Flow Stress and Coefficient of Friction

in Tandem Mills®

(A New Adaptive Control Method on Light Metal Hot Strip Mill)

by T. Okamoto, H. Kimu;a:L anb K. Nakagawa

In light metal (aluminum etc.) rolling, the coefficient of friction varies due to the use of hot
rolling lubricant. The mean flow stress of rolled material and the coefficient of friction between
roll and material must be studied precisely, by theoretical analysis of the measured values of rolling

force, forward slip and interstand tension.

As for the measuring system of forward slip, we have developed a new system using a pulse
generator attached to the looper roll (for intermediate rolling stand) or deflector roll (for final
rolling stand) and main roll. Using this method, precise mean flow stress and coefficient of friction
can be estimated and adaptive feed forward can be accomplished. We have applied this new method
to a 3-tandem aluminum hot strip mill, and obtained successful results.

1. Introduction

The most important object of rolling mills is to
keep strip thickness as accurate as possible and to
keep strip flatness, moreover for tandem mills it is
necessary to maintain the power ratio of each rolling
stand in the suitable range.

To obtain these objects, precise roll gap setting is
necessary and for this purpose precise prediction of
rolling force is required.

Furthermore, to apply desired tension to the strip,
precise roll speed setting is necessary and similarly
for this purpose iprecise prediction of forward slip
(___ strips speed—roll speed

roll speed

The precise prediction of rolling force and forward
slip depend on the estimation of mean flow stress and
coefficient of friction.

In conventional steel rolling, a constant value of
coefficient of friction has been used because of stick-
ing friction conditions.

> is required.

However, in light metal (aluminum and aluminum
alloys etc.) hot rolling using lubricant, cofficient of
friction varies with the rolling condition.

Consequently it is necessry to predict the precise
value of coefficient of friction.

The purpose of this paper is to investigate the
measurement and estimation of mean flow stress and
coefficient of friction during tandem mills rolling and
to introduce the example of adaptive control based on
the precise estimation of mean flow stress and coef-
ficient of friction in the 3-tandem aluminum hot
strip mill.

Notations

: screw-position

: screw-position zero point drift

: rolling force

: corrected rolling force

: parameter for correcting P to P’
: mill modulus coefficient

: mean flow stress

: defined by equation (14)

: defined by equation (13)
: coefficient of friction

: defined by equation (11)
: defined by equation (12)

: width of rolled material

: inlet, outlet thickness of the strip

: deformed roll radius

: front and back tension supplied to the strip
: roll speed

: outlet speed of the strip

: reduction of the material
Mv:

Qp:

Ap~Gp A

1

mass flow rate

: temperature of rolled material

rolling force function
~ Are: constants (equation (2)’ regarding Q)

f : forward slip
Ar~Gy: constants (equation (5) regarding f)

aTt~CT, ax, bn, Am, bm ,KE, KE’:

material constants
(equation (7))

a1, a2 : material constants (equation (8))

suffix

O B .

: rolling stand No.
: actual measured value
: calculated value using mathematical model

(equation (7), (8))

: calculated value using the theory of rolling

(equation (2), (5))

*This paper was presented to the proceeding of the International Federation of Automatic Control 8th Triennial World

Congress. (Aug. 24~28 1981, Kyoto).
**Technical Research Laboratories, Dr. of Eng.
#k+Technical Research Laboratories.
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2. Usual method for prediction of
rolling force and forward slip

In general, the screw position S; is calculated by
the equation (1).
Si=h;—- E/I"»l;»—V—FASOi
According to the theory of rolling, the rolling force
P; in equation (1) is given by the following equation

2,

Pi=Fy (¢, Kpm, by, by, Hi, G g4, Cbs)

as a matter of fact, owing to various errors, calucu-
lated P;¢ does not always agree with measured PA.

The cause of this disagreement between P;¢ and
P;A is mainly due to the estimation error or Kgui and
Hi.

Consequently, it is necessary to estimate K and
y; precisely to obtain suffcient accuracy of P;C.

In the usual computer control of tandem strip mills,
P;A is measured by the force transducer installed in
the rolling stand, and to agree P;¢ with P;* correction
parameter Z,;is induced to correct P;¢ according to

equation (3).
Pi=ZpPi

Assuming £ in equation (2) is known and constant,
correction by equation (3) means that only Ky is so
corrected as to agree P;¢ with PA

For example, in hot rolling of steel several years
ago, water was used for cooling and lubrication.

In this case, the condition of friction is almost
sticking, so the coefficient of friction is considered
to be an almost constant value. Therefore, the above
mentioned method is suitable.

But, in hot rolling of steel in recent years or hot
rolling of aluminum, lubricant is usually used.

In these cases, coefficient of friction is reduced to
0.04—0.5, moreover, it varies according to rolled ma-
terial specification and rolling conditions, so it can
not be considered to be constant value any more, for
this reason, estimation of #; is necessary.

And if we fix Ksn; in equation (2), g is so corre-
cted as to agree P;° with PA

But, as mentioned above, Kzu; always has errors to
some extent. Under this condition, correction by equ-
ation (3) only is not suitable and thus unreasonably
corrected p; loses its original physical meaning enti-
rely.

Even if this loss of physical meaning of #; seems
allowable from the point of view of predicting rolling
forces only, the purpose would not be achieved.

Because there is the difference between the influ-
ence of y; on P; and the influence of Kfy; on P; when
the reduction varies.

In other words, the prediction of P; using Kgmi
(assumed true) and p; (corrected by the error of
previous prediction of P;) and the prediction of P;
using Ky (corrected by the error of previous predi-
ction of P;) and p; (assumed true) have shown diff-

Table 1 Comparison of predictions of P¢ with
different method.

Data of present rolling. Data of next rolling.

pA 594 Ton ——
P¢ ! 495 Ton 260 Ton
r 0.6 0.3
_M“TM_ - 0.090 - 0.070
124 0.115 0.095

case 1 (#: true, Kim: corrected)
ratio of correction of Kgm 594/495=1.20
P¢’ =260x1.20=312 Ton
case 2 (#: corrected, Kim: true)
Ap=0.115—0.090=0.025
¢ =0.07040.025=0.095
P¢ =285 Ton
Comparison of two case 312 Ton/285 Ton=-1.09.

erent results (shown in Table 1).

Therefore, it is impossible to estimate Kgy;; and
separately by the measurement of rolling force only.
On the other hand, rolling speed v; is calculated
by the equation (4).
Mv
According to the theory of rolling, the forward slip
f; in equation (4) is given by the following equation

(5.

vi=

fi=F r (i, K, by Hi, O g1, Opi)

But as mentioned above, Ky, and g; have errors
to some extent, therefore calculated f;° does not alw-
ays agree with actual f;A.

Therefore, in this case also, to apply the desired
tension to the strip by proper roll speed setting, it
is necessary to estimate Kz and p; precisely and it
can not be also achieved by the measurement of rol-
ling force only.

3. New mecthod for prediction of
rolling force and forward slip

In the new method described below, to estimate
mean flow stress and coefficient of friction separately,
we install the usual force transducer in each rolling
stand, moreover we install a measuring system of
forward slip in the rolling mill line. The details of
this measuring system will be described bellow.

In this way, we can obtain the measured value of
P and fA.

Substituting P;* and f;A into equation (2) and equation
(5) and solving these two equations, we can obtain
actual Ky andpy;.

We call thus obtained Ky and p; as KgnX and g%
respectively.

Practically, forward slip is effected remarkably by
tension.
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Therefore, by using a looper between rolling stands
or a measuring system installed coiler, front tension
0 5; and back tension ¢p; applied to the strip are also
measured.

In this way, measured value of rolling force, forward
slip and tension can be obtained.

Analysing these measured values of rolling force,
forward slip and tension by the theory of rolling,
mean flow stress and coefficient of friction can be
obtained. In this way, we can estimate Kpy; and ¢
under the condition that #; varies according to rolling
conditions.

4, Example of application of this
new method

4.1 Mill layout, rolled material and sensors

The subject of application of this new method is
3-tandem aluminum hot strip mill.

In the rolling mill line, usual sensors such as X-ray
thickness gauge, radiation pyrometer, rolling force
transducer and screw-position sensor are installed.

In addition to these usual sensores, the newly dev-
eloped forward slip measuring system is installed as
shown in Fig. 1.

pulse generator PG. sﬁtnp
L ﬁ/
in roll " looper rofl”
main /ro/ @/;

/Q N

pulse generator PGg .
. \Iooper torque

— "/ hydraulic pressure
rotary actuator

Fig. 1 Measuring system of forward slip.

Between rolling stands (No. 1 and No. 2 or No. 2 and
No. 3), loopers are installed to keep the tension to
the strip in the desired range, as shown in Fig. 1.
The outlet speed of the strip is obtained by the pulse
generator (PGL) attached to the shafts of loopers.

As for the last No. 3 rolling stand, the pulse gen-
erator is attached to the shaft of the diflector roll at
the exit of the rolling stand.

On the other hand, the main roll speed is obtained
by the pulse generator (PGr) attached to the main
roll shaft and main roll diameter.

The actual forward slip f;* is calculated by the
outlet speed of the strip V;# and main roll speed v;*
using equation (6).

A= Vit —vit
b

On the other hand, tension applied to the strip is
calculated from the looper torque etc..

The looper installed between the rolling stands is
the rotary-actuator type hydraulic looper developed
by Sumitomo Metal Industries, Ltd.

4.2 Equations developed for this study

The theory of rolling due to Orowan® seems to be
the most exact one, but it is complicated from the
point of view of application.

Therefore, we make approximate equations for pra-
ctical use that are adaptable to the rolling in this
study. These equations are derived by multiple regre-
ssion analysis of calculated values due to exact theory
of Orowan. Equation (2)'for calculating rolling force
and equation (5)’ for calculating forward slip thus
obtained are as follows.

P= b[Kmfi\/Rv;i (Hl"hz) QI)

where
- 0si+20s { R . .
QP*QPO(l_ 3K i Aﬁ\/—ﬁ?‘FBM‘z-‘—C/yl‘z
+D, Ofi+E, Ob F} G
pKfmz Kfmz+ by

Qo= (B9 (e (At 4 A riAops + A

+As iy 4 \/ g—l (Asritti+Ar 1% + Aspty) + Aor i

All)
. Hi—h;
re= H;
i O bi
f,_.fBF{Af\/h +Bsri+ cfr,+DfK £y E,:K;%l«i
+Ff}+Gf ......... (5)’
where

B —
fBF:tanZ{-;tan < 1’—‘?,-," 4ﬂl\/hn (
lﬁzf_z_@ifmz»
1 Gbl/Kﬂltf

Forward slip fsr is obtained from the theory of
rolling due to Bland and Ford®.

These equations can be applied to the rolling in
this study within several per cent error at the most
as compared with the exact theory of Orowan.

4.3 Results

In general, it is said that coefficient of friction dec-
reases with the increase of rolling speed, but within
the limit of the rolling in this study, it increases
with the increase of the outlet thickness of the strip.

Therefore, in regard to coefficient of friction, we
investigate the relation between coefficient of friction
and outlet thickness of the strip here after.

In Fig. 2, 3 are shown the relation h-£X and h-K %
in the case of alloy A. With this alloy, from rolling
stand No. 1 to No. 3, ¢#X decreases with the decrease
of h, Ks,X on the other hand increases with the de-
crease of h.

The increase of KgniX is due to the fall in temper-
ature and to the work hardening of rolled material.
From the rolling force equation (2)°, we can see that
if X is overestimated, then Kg,¥ will be underesti-
mated. From this point of view, the calculated values
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of Kfmi¥ and #* in Fig. 2 and 3 seem to be reasona-
ble. '

0.3
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> o No2 #
202 @ No3 /I "’
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Fig. 2 h-p* of alloy A.
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Fig. 3 h-Ky»n* of alloy A.

With regard to alloy A, if we assume that the coe-
fficient of friction for the No.1~No.3 rolling stands
are the same values, and equal to 0.14, that is, about
the average value for the No. 1 rolling stand, mean
flow stress of each rolling stand is calculated using
equation (2)". The values of Kg,* shown in Fig. 4
are the mean flow stress thus calculated.

The values of KM calculated using equation (7)
(described later) are also shown in Fig. 4.

Equation (7) is the empirical one derived from the
experimental data from the cam-plastometer. In the
calculation of KgyM, measured temperature and mea-
sured roll speed etc. are used.

As shown in Fig. 4, Ky, is approximately constant.
KsmiM on the other hand increases from the No. 1
rolling stand to No. 3. This is because of the fall in
temperature and the work hardening of rolled mate-
rial, as mentioned before.

From this, we can see that the assumption that g;
is constant and equals to 0.14 is not correct and that
the values for #;X and Kfui* shown in Fig. 2 and 3
are reasonable.

As for the tension applied to the strip, the actual
O s* obtained from the looper torque etc. is shown

Fig. 5.

If we assume the coefficient of friction for the No.
1~No. 3 rolling stand are the same values and equal
to 0.10, that is, about the average value for the No. 2
rolling stand, 0 ¢ is to be calculated using equation
(2)” and equation(5)’, as shown also in Fig. 5.

In the calculation of g€, we assume that the coiling
speed, roll speed and outlet thickness of the strip for
each rolling stand are kept constant and only the
coefficient of friction varies from #;X (Fig. 2) to (.10
and mean flow stress varies from Kpg,,;* (Fig. 3) to
Kmi®’ calculated using equation (2)7.

In Fig. 5, the 05° of front tension for the No. 1
rolling stand is larger than the actual os# because
the coefficient of friction was underestimated (0.14—
0.10) ; on the other hand, the ¢ s° is smaller than the
actual 0s” because the coefficient of friction was
overestimated (0.07—0.10).

From the point of view of applying the desired
tension to the strip, we can also conclude that values
for #;X and Kyn® thus calculated are reasonable.

w
o

] e
OKIm¥ A Kfm™ (No.1 STAND)
; o Kimz" A KimM (No.2 7 )
\ o Kims* A Kfmz¥(No.3 7 )

1
!
i
|
!

i

T @ | &

10

Mean flow stress Kim*, KfmM (Kg/mm?)

L

0 1 2 3 4 5 6 7 8 9 10 11 12
Thickness h {mm)

Fig. 4 h-Kgm®X (#=0.14) and h-KgyM of alloy A.

6 1
- O of" Adii® ol STAND)
Es 0ot AdtS (No2 7 )
= ® s AP No3 v )
= .
o 4 Z— — U P— ! R —— U
= 77777, actual range
%3
c |
Q
i3] ;
< |
o 1r I
= i

0 r I

Thickness h (mm)

Fig. 5 h-0y¢ (#==0.10) and h-ofA of alloy A.

If the gz is not equal to the 0fC, during steady-
state rolling 0 s® is kept to 0f€ by the tension cont-
rol of the looper or coiler.

However at the threading, if 0 * is not kept to 04,

several problems, such as excessive looping and rupture
of the strip arise.
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Consequently it is necessary to determine g and
Kfmi¥ at the threading.

And this will be solved by the investigation of the
relation between g% and Kyni* at the threading and
piX and KpgpX in steady-state rolling.

The relations h-¢¥ and h-Ks»* in the cases of alu-
minum and typical alloys are shown in Fig. 6 and 7.

0.03 1 4
O A O o1 STAND i
‘& ® A @ENo2
5 ® A ENo /)
=5 0.02 | _
= “ALLOY B /
= ALOYE
= M
@
3
gool / q
(&) AN
N_ALLOY D
" 21,2 O |
x
Oy 1 2 3 4 5 6 7 8 9 10 11 12

Thickness h (mm)

Fig. 6 h-¢* of typical alloys.

30 T

O A O No.l STAND
® A D@N.2 /
20
m.
‘L ?
. ALLOY B

® A mNo3 7
10 S

ALLOY C
w%___ﬁﬂ

i 1 I 1 1 1 1 Il 1
0p 1 2 3 4 5 6 7 8 9 10 11 12
Thickness h (mm)

Mean flow stress kfm* (kg/mm?)

Fig. 7 h-Kgn* of typical alloys.

44 Adaptive behaviour of computer control
Mathematical models of mean flow stress Kyn,M
(equation (7))® and coefficient of friction #M (equation
(8)) are made in regard to several typical material.

Kme:1.15<aT+bT CT){ Ke <§>anT+bn

T 1% )2 T+ bat 1002
KE/ £ 5 anT+bn
__2__<6__2>} <_6"> ......... (7)
where
= H
I3 —1n<—~-w b >
: = 1000 v
60 {R"(H—h)}

pM=a+a:h e @)

Equation (7) is derived from the experimemtal data
of cam-plastometer and equation (8) is derived from
the previous rolling data.

We define the bar-to-bar adaptation and bar-to-bar
plus lot-to-lot adaptation by means of equation (9)
and equation (10) respectively.

PC/:ZPPC(#:#M, Kfm:Kme)
PS’=Z,PC(p=M+Dyp, Kpm=ZKfm K pmM)eeoeeene (9

where
Dp=dsz e %)
dp = pX—pMm ib)
Zkfm :m ......... (3
Zxpm=KmX/ K™ e )

——; mean value of each lot

In Fig. 8 is shown the comparison of these adaptive

controls in No. 3 stand.

Notations in Fig. 8 are as follows.
ZPSA:PSA/PSC
ZPa=ZP:01D+0.5(ZPs—ZP10LD)
ZPs5=PsA/Ps%’

Fig. 8 shows that the adaptive control based on

the equation (10) is superior to the one based on the
equation (9).

15f
&
-1.0
<&l“ -
05l
1.5
”[%10
0.5 |
l | |
ALLOY | |
D-1 B-1| D2 | B2 | D3 | B3 |
j ' i

Fig. 8 Comparison of adaptive method.
O and A means bar-to-bar method.
@® and A means bar-to-bar plus
lot-to-lot method.

5. Conclusion

In tandem mills rolling, by measuring of rolling
force, forward slip and applied tension to the strip
and analysing these measured values according to the
theory of rolling, the mean flow stress and the coe-
fficient of friction between roll and material can be
estimated presisely.

As for the measuring system of forward slip, we
have developed new system using pulse generator
attached to the looper roll (for intermediate rolling
stand) or deflector roll (for final rolling stand) as
described in detail before.

We have applied this new method to a 3-tandem
aluminum hot strip mill, and obtained successful
results.
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Hydrogen Absorption of Titanium Heat
Exchanger Tubes in MSF Desalination
Plants
by Shigenori Yamauchi, Koji Nagata and Shiro Sato
Hydrogen absorption of titanium tubes in the brine containing Fe(OH). precipitates has been
investigated in connection with the decomposition of Fe(OH): (Schikorr reaction). Influence of
various factors such as Fe(OH): content, temperature, surface condition, coupling with dissimilar
metals, roller expansion and alloying element of Pd on hydrogen absorption has been studied.

Results obtained were as follows ;

(1) Hydrogen absorption of commercially pure titanium tube occurred remarkably at the temp-
erature above 80-100°C in the brine containing 0.01-1M Fe(OH): precipitates.

(2) Hydrogen absorption was accelerated by coupling with mild steel, by iron contamination on
titanium surface and by roller expansion. On the other hand, it was suppressed by acid pickling
of titanium tubes.

(3) Ti-0.15Pd alloy tube was much more likely to absorb hydrogen than c.p. titanium.

(4) Results suggested that hydrogen absorption occurred because of much surface coverage by
hydrogen atom on titanium surface as the result of Schikorr reaction.

(5) It was indicated that practical solutions to the problem were (a) to avoid ferrous corrosion
products coming from steel components in plants, (b) to avoid iron contamination of titanium
surface during fabrication, and (c) pickling of titanjum tube.

—_ 16
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A, AR E L TOF 2 o ORBEOMAIIZH% 1400 -5 Middle part T
3B ONH B, 7 OMEERIEKR 75 4 vk L Dl = o A Tube ends
3 0]
Wi 5 Bk MSF ikgokibiin Lt 210002 e - ;
HLW, MSF #EiKY 574 VRAEOEMRBIC> 8 [a] B [Tubeends 1
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PATREARMEL 2 HERAINTN3L5TH Y, 2wl © Tube ends - :
U Lighss, BRELETERNREOAR T ooy [ Edee of expansion “5|
b TG & EERRIR | KBTI, o4 o © g o
B & CMENRIC b I F & L AR A S S ;‘51
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4 LEFE100C M LB THETS 5, KERIUEE 200 . :
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W3, LL, BNEEERBRO TIES22DRENEDT 0 20 40 60 80 100 120

*Titanium '80, Science and Technology Z-—¥3§3
B IR IE
R ITILT,

Temperature (°C)

Fig. 1 Relationship between hydrogen absorption
rate and temperature in MITT’s test plants.
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Fig. 2 Hydride formed in titanium tube served
for brine heater of MITI's test plant.
Hydrogen content is 620 ppm.
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3Fe(OH):=Fes0.+2H-0 + H. (1)
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B B &

WR O # o 2 FEEE (SH 254mm, AJFE 0.5mm)
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D 5RES 75 mm OME ETH U, chs 0RO
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b O, MBI (70mé HNOs-30mé HF-900m/¢ H:O)
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Table 1 Chemical composition of commercially pure
titanium tube and Ti-0.15Pd alloy tube (wt. ).

H O | N | Fe | Pd | Ti
U . B [ R -l —
ep. Ti | 0.0026  0.087 | 0.006 0.058 — | Rem
Ti-0.15Pd | 0.0023 | 0.083 | 0.006 0.049 | 0.15 Rem

Titanium tube

’ N\
Y /.
A / /
AR /

Dissimilar metal sheet
(Deoxidized copper, Mild steel)

(a) Coupled specimen

Titanium tube

Tube sheet, 40¢x 35'mm
(Titanium, Naval brass, Mild steel)

(b) Expanded specimen

Fig. 3 Specimen coupled with dissimilar metal
" (a), and expanded into tube sheet (b).
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Fig. 4 Effect of Fe(OH): concentration in deaerated
NaCl solutions on the hydrogen absorption
of c.p. titanium tube (120°C, 1,500hr).
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Fig. 5 Effect of temperature on the hydrogen absorp-
tion of c.p. titanium tube (1M Fe(OH)., 1,500hr).
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Fig. 6 Effect of temperature on the hydrogen
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Fig. 7 Hydride formed in c.p. titanium (1M Fe(OH).,
120°C, 3,000hr). Hydrogen content is 269ppm.

3.1.3 REKXFTROE

FHTRIRAE OB T 5 458 % Table 2 (CRY, B
O E L ORBHCIRTEH & i 9 & KEBINAET 5 55
3, BULHORICEKTHERIND &L BOKEBRNIBAET 2
Lo h, BEDE  OFE & FEEOKERKSA S
NI, LD LMo F & A EREDPTEZED KFERIN 2
HETZEBHEDTH T,

Table 2 Effect of surface condition on hydrogen

absorption of c.p. titanium (1M Fe(OH),
120°C, 1,500hr).

Surface condition Coupling Hydrogen content (ppm)
none 43, 80
As manufactured
with steel 91, 141
none 32, 33
As pickled
with steel 31, 33
As contaminated by none 60, 73
iron after pickling with steel 12, 117

3.1.4 A—ZHEOTE

T 2 U o REHT 20 T D5 % Table 3 10577,
WENOER EAOC TS BEDFE T 0RE OKERIHIE
anizksicHonr, £, BERNEHE2HORES
A BRUE RN & AR E Uz, Bl D#EE 2 Fig.
1TRRENICKTI T 00 = 7  OFR, $2b b

Table 3 Hydrogen content (ppm) of roller-expanded
specimens (1M Fe(OH). 120°C, 1,500hr).

Tube sheet material Tube surface .

As manufactured As pickled
None (not expanded) 43 32
Titanium 66 23
Naval brass 63 24
Mild steel 78 110

&b B L KIRE B OKERINESZ 0T & & XL
------ U T,
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Fig.8 Hydrogen absorption of Ti-0.15Pd alloy tube
(1M Fe(OH)., 120°C).
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A KRS 2FAEREINL TOB X5 IKAm sz, K
FEDOWINEEIZ1.3~4.8%Tdh -1z,

HEDISic=02 84 MDHERL, KEF 2MFLEL
12 &5, COERMICE T Schikorr K S5t 0 1 3
DEHILEINT, ZLT, KEH2FAL B ICHEE, Fe
(OH): R MBI O FEM B2 RIT U FHHER, chE
TiRREM 3N Tu % Schikorr FISOE#M Y EFET 3 4
DTRIZVEEZL BN,
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Table 4 Amount of H: gas evolved and absorption ratio.
Test | Specimens*! | Concentration of | Temperature | Time H: gas evolution iH bs. (mg)% Absorption*
. abs. (mg .
run |contained Fe(OH): (M/1) 40 (hr) | Hevol. (mg)*z' Rate -(ug/hr) ratio (%)
A 120 1.9 5.7 ! - —
B Ti(3) 1 100 336 1.1 3.3 } - -
C 80 0.76 2.3 - -
D 120 8.0 | 6.9 0.16 2.0
E Ti(3) 1 100 1164 — E 0.20 -
F 80 - - 0 —
G 120 140 93 2.5 1.8
[T Ti(4) S — J— — — -
H | 1 100 1500 141 ! 94 2.2 1.5
. Ti+Fe(® S O [ WS
1 80 22 15 1.1 4.8
J Ti+Fe(2) 336 123 366 1.8 1.4
K | Ti+Cu(2) 1 120 | 1164 186 160 2.5 1.3
L | Ti—Pd(2) 1500 321 214 10.4 3.1
M | Ti2) 0.1 3.6 | 4.8 - -
N | Tit+Fe®) 0.01 120 750 1.4 | 1.9 - -
0 | Ti=Pd(2) 0 11 1.5 — —
*¥1 Ti: titanium specimen, Ti+Fe: titanium coupled with steel, Ti+Cu: titanium coupled with copper,
Ti-Pd : Ti-0.15Pd alloy specimen. Numbers in parenthesis show the number of specimens.
*¥2 Hevol.: Amount of H: gas evolved.
*3 Habs. : Amount of hydrogen absorbed in specimens.
*4 Absorption ratio=100 Habs./(Hevol.+Habs.)
Table 5 List of reactions in the present system and corresponding pH dependénce of E.
Equilibrium formulae
Reactions - - -
25C 907C
(2) 3Fe(OH)z=Fes0s+2H.0+2H" +2¢ E =—0.026—0.0592 pH *! -
(8) Fe+2H:0=Fe(OH):+2H"+2¢ E =—0.104—0.0592 pH *! S
(a) He=2H"+2e E =~-0.0592 pH E=-0.0721 pH
(4) Ti+175H+1.75e=TiHi.7s E =0.25—-0.0592 pH *2 -~
(5) Ti+2H +2e=TiH- ! E =0.016—0.0592 pH *2 R
*¥1  According to Misawa. *¥2  According to Elsen et al.
. & ™ TiH: o 1588 {% i3 Table 5 iw/xa N %, Table5 @ 25C
4.1 RFRUREICOWLT B3 5RO S B (2),03) 1 Misawa” ik X 5§ D, (),

(5)1d Elsen 5’21t & 3 $ D TH %, 90°CiT#T 5 Figzliz
HNE T — 2 pS Tz B S5 sL, Table 5 @E#FH
LEMN-—pHRZ{ERT 5 & Fig. 9 0k siciss, kb

25CoHEK (pH=8) HTHF # v 2RI L&D
IR E NI —0.46 V. (BEHEKFREMAAE) ThH b,
Hita (5) X OFMHEAIC — T3 & PPN TL
%', Fig. 9 ik GF Fig kT 1M Fe(OH). %K Ok
FHRTHE L o &2 o, b ABIERSE, 4KEGHD B REN S
FIRICARLU Th B, 25CIEHBT a4iF 4 o OBEREHSIZ(G)
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Forming Condition of BA11 Alloy Tube
for Heat-Exchangers

Experimental Studies on Manufacture of High-Frequency-
Induction-Welded Aluminum Alloy Tube. (Report 2)

by Keizo Namba

In tubing of BA1ll aluminum alloy with 20 mm outside diameter, 0.8 mm thickness and low
proof stress, the defects such as a misalignment and an offset were produced at the weld. In
addition, they fluctuated along direction of tube travel and assumed so called walking form. This
study has been performed on producing of the stable weld without the misalignment and the
offset, and directed at providing the effective forming condition.
The forming conditions investigated are as follows;

1. Only to maintain the proper convergence angle, a=6_4°.

2. To adjust the proper convergence angle while restricting the skelp [edges sufficiently by
finpass rolls.

3. To control the proper convergence angle by widening the edges of the skelp which has already
been formed into a circle, constrainedly by using of seam guide rolls.

And the reasons why to provide the effective condition are investigated by evaluating of the
forming states of the skelp under these conditions.

The result shows that the effective forming condition is No. 3 mentioned above. This reason
may be explained by sufficient controlling of the faying edges and little forming at the squeeze
rolls. In addition, it is closely related to the deflection which has been brought about on the edges
by girth-reducing of the skelp at squeeze rolls, that is, hollow sinking. Under No. 3 condition, the
effect seems to be mitigated by decrease of drawing resistance, smooth deformation in the drawing
and change into compressive strain.

Though the edge stretch occurs slightly, it eliminates with forming and is not found before

finpass rolls.
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Table 1 Mechanical properties of test material.
(BA11-H12 Brazing sheet alloy)

Tensile properties Vickers hardness

i;nsile strengthi Proof stress ‘Elonygétigni Nurr()ll()):l H5\(; )
oy (kg/mm?) | Goa(kg/mm?)| 3 (%) e
15.8~16.0 14~14.2 12 40.3~47.2

Table 2 Dimemsions of test material.

Ed gé burr

Thickness | Width | Lateral bow/2m
(mm) (mm) | (mm) (mm)
el ol oo
0,808 62° | 0.5~ 2 0.05~0.15
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A ARURNT, Lol —FaT - RUF 4T
P LIZE TN - LF o2 - 24 T Thb,
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Fig. 1 Typical appearance of adhered state of carbon
paper to #5 forming roll and skelp.
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5, ATV TEREORFEHOLEBREZRKD, HEEEK
A CRIZEE 2 RE LI,
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Upper part
at %6 roll

Upper part
at 47 roli

Modelling

compound

Fig. 2 Typical replica appearance of formed shapes
of skelp by using of modelling compound.
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No.l No.2 No.3

Fig. 4 Schematic illustration of fin-pass roll calibers
and formed shapes of skelp at each roll under
forming conditions No. 1~3.
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Fig. 5 (/R g, 8 1M T OB EE T
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EHERBEDO, U s @EHMCA > TEBO VLS L 1
BEEHBELNTH S, Bk

DFER 55 3 &M EYC
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Forming No. 1 No, 2 No.3
Condition

Fig. 5 Transition of transverse cross sections
of welds along direction of tube travel.
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Fig. 6 Transition of formed shapes of skelp under forming conditions No. 2 and 3.
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Mechanical Properties of Al-Mg-Si
Weld Metals

by Yoshihiko Sugiyama

Mechanical properties of Al-Mg-Si weld metals in butt joint were studied in this experiment,
prior to investigation on welding of aluminium wrought alloys to aluminium cast alloys.

Different chemical compositions of the weld metals were prepared by combination of joint
designs, base metals of A5083-O and A4343-F alloys in wrought forms and electrode wires of
A5356 and A4043 alloys.

Results obtained in this experiment are summarized as follows:
(1) In tensile testing, the welded joints consisting of A4343 alloy base metal (tensile strength :
14.3 kg/mm?) used for either or for both sides, failed in A4343 base metal. On the other hand, the
welded joints consisting of A5083 alloy base metal (tensile strength: 32.1 kg/mm?) on both sides,
resulted in the rupture in the weld metal irrespective of the type of the electrode wires used.
Therefore, the tensile strength of the weld metals considered to fall approximately within the
range of 14 to 32 kg/mm?®.

Besides, weld metals that contained both Mg and Si had the elongation considerably lower than
those containing Mg alone.
(2) The weld metals containing only Mg had the highest impact values, while the weld metal
containing only Si had the next highest values. The lowest:values were obtained when both Mg and
Si were contained in the weld metal. Moreover, such tendency was observed on the impact values
of the weld metals also at —196°C.
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Al-Mg-Si, Al-Zn-Mg Ric & Wb 5,
M EoBgicsn T, iEPE 3 CRROGEDSEE
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1983

B B #H April

B # &

B & b i E D 64 mm o JIS H 4000, A5083P-0
R of JIS 7 3263, BA4343-F (LLF, BA4343 j38iic A4343
L) BV, BT A4 vicid s dERE 1.6 mm ©
JIS Z 3232, A5356 K. o8 Ad043-WY %2 iz, 2 a1 b ofb
R4y % Table 1 1C/R 7,

B OMEE % 7 F 1 A5083 [, AS083 & A4343 &
O A4343 |, BAETEREZENENT 60°KF90°Y (v
— ' HOES 2mm) &L, F4Z 4 AS356 KX Ad043 R
o4 v TAD : FEBR S hREETBEEETY, Mg
B Si BoRL 3 UEFHOBESREE2 S UHT2ERL
T2, ¥, BRI L, Bty - £k b LER

2. =%

CHEERT L, BEBEL TRHEN s o TR AL
7. USEELR{MT% Table2 1W/RT, COL 3L THLNK
BHEMTFEO < s o R OB ESBOLFERTEZNEN
Fig.1 ¢t Table 3 iw/Rd, S#ii3, RE2EMHmE TY
HIt, FERSEDFE X DTy, 2 ADFBEEZERD I,
Table3 A 6N 5 & 5T, BEGBOLENRIE Mg 23
0.00~4.38%, Si »5 0.09~6.51% O HH, thbd %
Mg:Si & UTHET 3 &, 0.25~5.02% T, KBS Hs Si-
rich (0.04~4.36%), ¥ & »»% Mg-rich (0.62~4.22%) T
b5,

FULT, MTFOTEREE %2 Z N Zh JIS 23121 15HER
fr, 22201 5 BakB A (REERR ) M0 ER R ' —196TC
R BEHEEP Y » v~V v FRBRFICE DRD I,

Table 1 Chemical compositions of base metals and electrode wires.

Chemical composition (%)
Base metal and electrode wire :
si } Fe Cu Mn Mg Cr j Zn T | Al
Base metal A5083 0.12 0.21 0.04 0.66 4.22 0.14 0.02 I 0.01 } Bal
A4343 7.56 0.26 605 0.01 0.00 0.00 0.01 | 0.01 Bal
Electrode wire A5356 0.05 5 0.13 0.00 0.11 5.20 0.09 0.00 i 0.09 Bal
A4043 5.20 1 0.14 0.00 0.00 0.00 0.00 z 0.00 0.00 Bal

Tbdle 2 Mechanized MIG welding condition.

1 1 Welding current Arc volta i
. . . ge Welding speed Argon flow rate
td !
Electrode wire Joint design i (A) ) (cm/min) (1/min)
Square 300 23 60 25
A 60°Y 300 23 60 %
’ 90°Y 280 23 50 25
Square 290 23 60 25
A 60°Y 260 23 60 52
’ 90°Y 250 22 45 25
Note: (1) Welding direction: Parallel to the rolling direction.
(2) Backing: Copper backing with groove.
Table 3 Chemical compositions of weld metals.
Electrode ) . } Chemical composition (%)
K Base metal | Joint design -
wire Si Fe Cu Mn Mg Cr Zn Ti Al
A 5083 60°Y 0.09 0.17 0.03 0.43 4.38 0.12 0.01 0.04 Bal.
A5083 Square 2.25 | 0.19 | 0.03 | 0.29 | 3.18 | 0.09 | 0.01 | 0.04 | Bal
A4343 60°Y 1.79 0.19 0.03 0.29 3.44 0.09 0.01 0.04 Bal.
A 5356 90°Y 1.48 0.18 0.03 0.24 3.52 0.09 0.01 0.05 Bal.
Square 5.18 | 0.23 | 0.04 | 0.04 | 1.42 | 0.02 | 0.01 | 0.04 | Bal
A 4343 60°Y 4.82 0.22 0.03 0.05 1.61 0.03 0.01 0.04 Bal.
90°Y 4.26 0.21 0.03 0.06 1.90 0.03 0.01 0.05 Bal.
i Square 1.36 0.19 0.03 0.47 2.97 0.10 0.01 0.01 Bal.
A5083 60°Y 1.61 0.15 0.03 0.41 2.70 0.12 0.01 0.00 Bal.
90°Y 2.14 0.16 0.03 0.37 2.36 0.10 0.01 0.01 Bal.
A 4043 A5083 Square | 3.44 0.20 | 0.03 | 0.27 | 1.56 | 0.06 | 0.0l | 0.01 | Bal
Ad343 60°Y 3.76 0.21 0.03 0.24 1.38 0.05 0.01 0.01 Bal.
0°Y 3.85 0.21 0.03 0.23 1.33 0.05 0.01 0.01 Bal.
A4343 60°Y 6.51 0.21 0.03 0.01 0.00 0.00 0.01 0.01 Bal.
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Combination
of base metal

(A) A5083
60°Y

(B) A4343
A5083
Square

(C) A4343
A5083
60°Y

(D) A4343
A5083
90°Y

(E) A4343
Square

(F) A4343
60°Y

(G) A4343
90°Y

b5 6 7 E

Electrode wire : A5356

Combination
of base metal

(H) A5083
Square

(1) A5083
60°Y

(J)  AB083
90°Y

(K) A4343
A5083
Square

(L) A4343
A5083
60°Y

(M) A4343
A5083
90°Y

(N)  A4343
60°Y

Electrode wire : A4043

Fig. 1 Macrostructures of welded joints.

3. B # B

3.1 BlREHE

MFOFERRICS N TE, 1BRCS BRBA OV
Ny, BMOMESEOWH L3 0 5 25 A4343
(BlEM®m s 14.3kg/mm’, L Aaic, fhOEIT L 5 &
A43437€0250°C T 1hr N o[ |iEm & (4 11kg/mm?
BETH»?,) OMFRAEGEORESEBMOZN LD

KEWIIDITAL343 B THM L 72,
""" 7, M@%ﬁ w+H5 & e AS083 (BliEMi & 32.1 kg/
mm?®) DFECE, BOTCERY 1 v ORI R

ﬁﬁﬁET&%btcbtw@C AEBITH T B BHES
BOBE®RIZ 8L % 14~32kg/mm? OFEHIcH 5 &
AR I
ENEN 1B S HBRBA T 25 RABICE N T,

BEGBEOME L IcHF o REE 2 Mg RO Si ik &
4 iz Tabled }of 5itiRT, 4%, Tabled WLBEEELT
WIRESRBPIC 10mmoE SR & - THEL IS 2
AL, MoicFiosiEHE I3 Table 5 ®HIFEIC/RL 7C

EBHTDH B,

Ch s DERD S, BESEDOZ 0 E Mg 2 A5356-
WY icd % 438% 556, A4043-WY itk % 2.36~2.97%
WAL, IR Si &3 0.09% 2> 51.36~2.14% T Hihn+

&, BHESBOIERIZEEAEE LN, HOH
EFT22&E05b05,

3.2 fiER(E

Mg R SiEDORL 2 IEESBOFBE AR —196T itk

A ETEE M 2 A oW i{E & & &z Table6 i/RT, D
FLhENENEGEEZ Mg L Si &EOBRTHRT
3&, Fig.2oksick s, kb, BHAFO/ v FOME
i3 Table 6 DFIFICRLICEB O TH B,

¥ 9, BMOERMEIERCE LT, FRAFN A5083-
O %5 4.3, A4343-F»329 kg-m/cm? ¢, Al-Mg Rt b Al
-SIRDEIMEL, ZLUT—196CIKBNTIE, ZNEFN
A A 3.1, ®EH 2.0kgm/cm? T, &3 WETFL T
3N

—F, BHESBEOWRME, FRITHVT, BHM/EkY
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Table 4 Tensile properties of welded joints.

April 1983

(Tested by JIS Z 3121, No. 1 tensile specimen)

Tensile Properties

»Bgisg-tg%ﬂ Joint Mgtantd Si Tensile strength Elongation ¢ ’ B
ectrode : contents y
wire design y (kg/fnmzz - (%) Position of fracture
(%) ‘i Mean Mean
| 30.2 40 Weld metal
A 5083 0 Mg : 4.38 |
el 60°Y > 30.9 30.7 35 39 i Weld metal
A 5356 Si: 0.09
31.1 43 Weld metal
27.5 12 Weld metal
Square Ms% : fgg 30.2 29.6 15 14 Weld metal
o 1.2 15 Weld metal
| 1 Weld tal
A083 ooy | Mei2T0 gi 2 31.9 i 14 Weld metal
A4043 | si:lel ' :
33.3 13 Weld metal
| _ 30.7 10 Weld metal
90°Y Msfj ;i’i 28.1 29.4 13 12 Weld metal
| T 29.4 13 Weld metal
(1) For reference: Gauge length of 10 mm was within a dressed weld metal.
Table 5 Tensile properties of welded joints.
(Tested by JIS Z 2201, No. 5 tensile specimen, reinforcement off)
| Tensile properties®
EafsAe_f}gtVali Joint Mg and Si Tensile strength ‘\ Yield strength Elongation
I;Zvliercatrode design content (kg/mm?) i (kg/mm?) (% Position of
(%) T I T T fracture
- Mean i\ Mean Mean
. . 1d tal
*A’spﬁg* 60°Y Mg : 4.38 23 ? 29.6 ig ; 16.7 ii 15 geld metal
A5356 Si : 0.09 : : : : c¢ met
29.5 . 16.6 15 Weld metal
e per | 28 17.4 7 Weld metal
Square s%: L3 21 80 175 | 178 7 7 | Weld metal
o 28.5 18.4 | 7 Weld metal
. . Weld tal
_AS083. 60°Y Mg : 2.70 ig ; 28.9 i; 2 17.5 | g 8 Weld metal
A4043 Si: 1.61 : S I e meta
27.7 17.6 7 Weld metal
i Me : 2.36 26.0 17.0 6 Weld metal
90°Y S’fj o 14 29.8 27.8 17.7 17.4 9 7 Weld metal
' 27.6 17.6 I Weld metal
(1) Tensile properties of base metals Tensile strength Yield strength Elongation
(kg/mm?) (kg/mm?) (%)
A5083-0 32.1 17.8 24
A4343-F 14.3 6.1 27

4 ¥ O ERDIZ N FAS083/A5356 D A1 5.0, A4343

JA4043 D& 2.0 kg-m/cm?, F17, —196CiIwB L Tid,
EFNENMHEH 27, BEP12kgm/cm* TE S WIETL,
Bkt & RO » A~ b5,

kB, AEHROBEMND SMAN LY, LRD & 5 ITARSER

T TiE, AS083/A5356 DIEHGEORIBICK T 5 K
EhEEHoZzRLDEV, UL, BHOomEMEICIEST

VA D, L CTHORERRBKRE O » FO)E (Table
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Table 6 Charpy impact values of weld and base metals.
. Mg and Si Charpy impact value (kg-m/cm?)
El‘ectrode Base metal | Joint design contents
wire (%) At room temp. Mean At—196C Mean
AB5083 60°Y Me:d.38 | 5.0, 50, 51 | 50 | 2.6 28 2.8 | 27
Mg: 3.18 | 0.28, 0.27, o | 0.23, 0.25, o
Square Si:2.25 | 0.63 072 057 | 049 | o) g3t 0.22 1 0.23
A5083 . Mg: 3.44 . 0.39, 0. 39, 0.21, 0.27,
A4343 60°Y Si:1.79 | 051, 0.45 045 1 044 gl gl 0021 | 0.2
. Mg: 3.52 | 0.81, 0. 67, 0.27, 0.22,
A5356 90°Y SE T38| ool g 057 | 060 | 0EL 0201 | 0.
Mg: 1.42 | 0.34, 0.34, 0.21, 0.27,
Square Si:5.18 | 0.33, 039 040 | 0.38 | 5517 gipp7 0.27 | 0.22
. Mg: 1.6l | 0.39, 0.45, 0.27, 0.27,
A4343 60°Y S50 48 | 093 o33 039 | 038 | 50 05T o2t | 0.23
. Mg: 1.90 | 0.33, 0.33, 0.21, 0.21,
90°Y Si:4.26 | 0.39, 030 938 1 035 1 g3’ g 027 1 0.2
Mg: 2.97 | 0.50, 0.51, 0.21, 0.33,
Square Si:1.3 | 0,5, 0.50 0-66 | 0.55 | 795’ o7’ 0.33 | 0.26
. Mg: 2.70 | 0.33, 0.27, 0.21, 0.15,
A5083 60°Y Si:1.61 | 0.27, 021 0-21 | 0.26 | 557" 5357 0.21 | 0.20
. Mg: 2.36 | 0.15, 0.07, 0.21, 0.15,
90°Y Si:2ld | oar oz OF | 025 g5 gl 015 007
Mg: 1.56 | 0.63, 0.63, 0.21, 0.27,
A4043 Square S 344 0.57. 0.45 0.50 0.56 0.27. 0.15 0.21 0.22
A5083 . Mg: 1.38 | 0.22, 0.45, 0.16, 0.22,
A 4343 60" Y Si:3.76 | 0.28 034 028 | 03l 58" g5y 0.28 1 0.23
. Mg: 1.33 | 0.33, 0.27, 0.21, 0.27,
90°Y Si 38 | 0.33 045 020 | 032 | g5 g5 0.15 1 0.20
o Mg: 0.00
A4343 60°Y ggi 0% | 18, 21, 20 2.0 1.4, 1.0, 1.1 1.2
—— | AS508-0 - Me: 422 | 43, 43, 43 | 43 | 3.0, 3.1, 3.1 | 3.1
— | ABSF — Me: 0.0 | 200, 29, 28 | 20 | 20, 20, 20 | 2.0
(1) Size of specimen
Rolling directi Rolling . AN
\ Ing direction 5\ \ direction " Weld Thetal 0/
-<rl 5 i <
' ‘ A 7 m
275 | 275 275 | 75
(A) Base metal (B) Weld metal
® i ] g
50(27)] MgzSi 11 | 6 ) RERHEOEGC SIS 5, Lichs T, b
4 i
’060(021 049(02'3) TUHRHMOERMBENET S L OTRL,
< sk 044<022) o L, BESBTRO Mg Bk Si B s E § N
S| oss029) 0%, T3 e, MRS OEGRS BEICE 2N BE
2, $%25017). , | by EFT 5, 3245 Table6 o A5083/A5356
§0 ‘056@ 22>°035.<%23f§(0 231) ot A4343/A4043 OHLGH 2R 12 OBES RIS
X 031(023)032(02()) 036(0 22) e, @ﬁ"ﬁfﬁfﬂ:li FNEFNERT 0.25~0.60 kg m/cm
. f —196CTH & BiTiK<{, 0.17~0.26 kgm/cm? TH 5, &
| | 120(1.2) N5 Ofi% Mg Bot Sif & o % LFngJ: h L4 %
Oo 1 2 3 4 5 e Mg B8 Sifads MgeSi 2T 2 H# &L b § excess- Mg
Si content (%) Fre8 excess-Si @L\j‘ﬂzﬁ@ﬂ‘”’ﬁnzbi,;}b‘zb oW TH, W

Fig. 2 Charpy impact values (kg-m/cm?) of weld metals.

Figure in parenthesis shows a value at—196C.

Charpy impact values of base metals:
A5083-0: 4.3 (3.1) kg-m/cm?
A4343-F: 2.9 (2.0) kg-m/cm*

e BREES s, UL, ML TOALE, excess
-Si @3 5 P excess~Mg I b HRMEHBEK LS TH 5B,
b ORBEEL CHNBIDIE, e Mg LU Si
ORI % [T 2 EBRBBECH B,

25
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xR & 2 B & %

April 1983

90°Y

(148% Si, 3.52% Mg)

(B)

A5083, A4343/A4043

90°Y  (3.85% Si, 1.33% Mg)

Fig. 3 Typical microstructures of weld metals. (x100)

BEICIT, BESBEO T 7 ollfio—§l%, A5083 &
A4343 Bp o H T, 90°Y BTk b, ZhEh A5356
Btk 4043 BT 4 ¥ 2RO THEE LTIt o0 T Fig.
3RT, BHECEIE RO L h BB FEO Iz
BasEd &, FREEHRS T AT CRTVN AR LS Th
b

o

4. E =

X R AR D BRI T I U TR DI L, T2 F
FIHEEER SN OBRIE, @tk s LEBL60
B, LIzdio T, IBM & 85 & OB Ti, &
MEE bt REmE SN R LT, BESEEE
B4 F— s HADL— L FTFRfFbATY, BlRELO
Bipwlt-<s &, lieitkieE s L ¥BEEasNnd, —F,
MU ORI e Th - TH, SR o BN EE 3TA R
R L DB Y, HURMBZENLZENEM (BRL
D F) ROBESBERAUAGTORTRBONTIE, #
Fig I B O OB & » THils Lk 5,

Wk, L o%s, A hIRETHER s
395, s s oEEsEE s s B L TR, IH
HATEEHEOE L TOMTREIHEE 035,

KRBT BN T, B 80 & OB B, it
BTGB OMRIIEE 2B 1m0, R T
MM A®E LT AI-Mg 2o AS083 Lo & L TIRL
Ao d Al-Si Ree 22 L T, JISH5202 o AC4C
ERURDOBELLU 72 A4343 D, & B O A B THBE
BiGo 1, B2, COHAERRATLDR, HEISLEN
NEETHBHTEOMWT, g TORMMELOEED
BECHEY S, BESBICERI NS MgSi BER

¥4
b

HNCHMFORBEIZEA B 2IANTEBLBRELD B &

EEL
JEA

b5 Thb,

W, YKo L L, EREEMER L UTHCS
NTOEEE/ANCNERARKOMKDE & OFEHEICE
WTHE, B OERE S E I BMMOEEICEET RIS S 0,
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AEBFITBONTIE, B0 s b, BEGEPO Mg &
S EBIHAIBECRTIET S L, MFEOMINIE
TlL, ¢nbsOo@mMBHEINT S &, WilicgEns L h
HEBEOWBMEI»LVETFT L EM0-12, Z0BE
IR &SNS Mg.Si ORI EUTEETSI EEDNS
5, REBOMI TR T2, MeSiDE & BRIy
Y DOBFERD BTz, FICRMER L RSN T
»B, LoL, G 2BEEED Mg RO Si
BUAERROEH T L 28D T2 DEBDNS,
Bl T, AS083 Bl & AC4AC 8y & D2 A,
HF ORI EE > THEL LW,

b, ¥ &£ 0®

TV 2y A EBRMH LB EOBRICETLDL, AE
Bz B T3, Al-Mg SRA5083-0 & Al-Si RO g AC4AC
2REE L 72 A4343-F D & B {HAs %2 BRI 2 25 4 C
WEREEL, BonBESBOBMMEE ISV THR
HUlt, KEBROERE2I EDLLERODEBITH 5,

(D BRSO TE, BHMOMEEONA LW
TN A A4343 (FliEH s 14.3 kg/mm?) OMF
A4343 RIAA TRMT L, B Ol w2 s § iz AS083 (B3R
& 321 kg/mm?) OHERE, FHOERT 4 v O
R, REGETHEE LI, Licd-s THESED
DHEM S 38 X % 14~32 kg/mm* O FIHICH 5 &0 A L
0

—75, BHESBOMIE Mg o Si sHicgins s,
Mg BHIcE T h 2B a L b m b E0,

(2) WESEOEEME Mg il g sN3EHITE
S EBELC, T S ST E E N AEE T, WEH
HETIGHFCE I K, 70, EHBEEEBOTIE,
FEOHA%Z & » THIETT 5,

X %

1) M.S.Orysh and I. G. Betz: Weld. J., 39 (1960), 342S.
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Properties of Flash Annealed
Aluminium Sheet

by Shin Tsuchida and Yoshio Baba

1. @ C & I

[EES NI 7ov & = 9 AT 4 Vv 2 HEHT 2 — > D)5
REUTHN D AV RREEIL o086 BN 288 €T
AL 2 EEERREME B EA L a N TA LY, EREICHRR
SR 2 SR HISR 2 ERERE T BT A I B & T B E
BEMENCINA 2 CobETR, SORAKRO SRR 128
C/sec OF~ 4 —CRZDHPEETH D, L P 5ITD
NTWV 308y FEEESIER I 1 2 FHRHE % 'C/min T
HDHOI~2 MR XV EITR 5, & o8 sk
TRINEMLEC DS TRl adicmilah s, CO&
5, WHWLRAMBEHETI CLiL o T, Ny FEE
LI E BRIV S OMEEELB NG, 2T
FEEEMUTM T VI 2y Ao ERETEE LT, &
LTS FARFEE & FERERE LA BE 9 5 EBRFEF R 2 09 5,

2. Efmeip
BRI s 5 s e $li47 (Continuous

£

PN
Annealing Line= CAL) (ci ¥, Fn# —nEffis—
BHIOBHE 2> = DOBMIE ) — > S T 4 v R H S
UGl s &2 ORGP HA o T3, Fig. 1
M HTCERL T 5 CAL o 2EXmicRiLizi o
Thrh, AMIBLOEMCET 28EDT 4 VORI 7 %

furnace

a b~ & B2l THEPICHME 21385 &2 fFD
N3, MEGEE R TIME ~ > & R — > O & DRE
DEESA OBWETICL > THBINIDT, A—H
OB T HSHESH S E EBIGHE 2HE D 5 2 &
BTE, RBTHAEERMIFICHBaNI LKL
3, MHEENEFEE, FRICX > TERIEFBREaIN S, ~
v FRBESIFTIC AN TS B ORI RE S Lokl
BRETE LIS NTV 5, .
B % BT & W3 5 MULERT B C OBEBINT T I RS
—rRBlHEFoE I TREECOERILH Y, HL
K 2%3WA2E3TER0, FLTRO— Tl
MBS S B0 E Y v T —KIBBFR L > THA I ENERRE
FTHHAPTON G, T4abb, BFEEMITITE TR
R 2 BT 5 121 Tl ¢, B 5 2EsH
(BEAN) TAZEWTEBDT, HHERE G DE
R S FA T x 20255y FIEEMFEE AR &7
HHTH 5B,

3. BEAERN
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Fig. 3 Effect of flash annealing on strength
of cold rolled foils.
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~ 45p
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~ B5p¢
17 ~ 22k ~ 2z irregular ~ 22

i

450°C % 20 sec in salt bath.
360°C x 1 hr after 30°C/hr.

FA rapid heating:
FA slow heating:
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Bk, BYECEgGEEN, NEMERD ELTT L
Ty ABEMEYOEFRYE CHMan, ChEBEKRL
TBBEYTFEOREYMEPETETHEEHAINSI L H Tk -
TxI, VolFd, WOKEHICSOTRENBERIAD T
FoU R 2 Y AREBEREREOERESITONTE D, D
KB ORBEDOERD L TEMMEL L ET23RABDH 5,
i, AFEINEBERTF O — 2 2T L
TV EETRMBIER S & OUIRE ORI FE 21305 5
LA EEM % RS (CAFDEE) & &y ani,

BT WFISTAE 5 24 ~26H iz b 7§ Miinchen
WehManZg2E [ 7y = AEEYEERE] ©
BRI D TRRIT G LIchs, AR EIRHEITET 25
BRI LD SBREOMBICOVTELDILEDTH
b, CAFDEE & S-N il OFEMMi 5, I RaHRm oM
WREr, ORI DM, ¥ & ORHEIRET O e F
DN TH~NS,

2. CAFDEE & S-N ghig O Ff 5 %
2.1 PANIZJLEST—23%EH - FHMERES
(CAFDEE) o ZE#HKiR
BIT104ERic bz b, KE 7L T =9 Affex (AA) O
Wi & b ISR S (WRC) O 7 v = v A E6GER
2 DTSR DS 5 — & R LI HEY, 2 ORI~
gy HKE Towa MK STV, T
FERL T,  BHFD 55 AR EEEMN e E S Committee for
Aluminium Fatigue Data Exchange and Evaluation
(CAFDEE) &y ah, #—A by 7, A3+ %, HEH,
44y —~, HAE, s v—, 242, (5, KED 9 »E
DBRINL, ZOHMNEEHHM LT RA Kelsey £ 43
WD LT3, EhE CAFDEE [nA L IoiEfks X
U7 QFEPRTIC DO T INCEREY B850, BEEEE
Mgt [ 7 20 A RaiEY 7 — s HAZRRES | ¥

gz, 82 (1982), 670 {CIHE 2 R
FEEGG DR LR A

ENCIs T 2R 7 — 4 OINER - BEZ2{T-> T3,

CAFDEE O HMME, [ 71§ = v AREDE X O3HM O
P RARIC OV TEREIRE 2 ERT 2 #fk e, conBT
EE) T 2 WRIEE A LI 2T OHY 7 — & 2INE - 7
Frdal o, BEIGD THEEBEEHRBOBRISICE
T3 B RS ERRRS ST A L ThH B, BEET
i, ¥ &% 12,000 EOER S 5 70 51,100 2L =D S-N ij
MMBEINTE D, Table 1 iIT/RT?, LD F— £
BB IOT « SISO DA E - TCEFI204E L
MR HITT & iz 250 MR DFmsl & ek # b b I
T, Table 2 i23HcOHTT & BB 2R L 7,

Table 1 Aluminum alloys represented in CAFDEE
Data Bank.?®

Series No. of test programs No. of data points
2000 57 480
3000 3 36
5000 720 7315
6000 160 1415
7000 165 2570
(Total) (1105) (11816)

Table 2 Sources of data in the CAFDEE Data Bank.?
a) Published reports

Country Country Period
Austria 5 | Italy 6 1954~1959 4
Belgium 1 | Japan i8 1960~1964 26
Canada 1 | Norway 3 1965~1969 25
C.SS.R. 1 | USSR 22 1970~1974 47
France 5 | Sweden 5 1975~1979 70
FR.Germany 40 | Switzerland 1 1980~1982 22
Great Britain 18 | U.S.A. 52
Hungary 5 | (Total) (184)1 (Total) (184)
b) Unpublished reports (U.S.A.)

Private labs 47

Government labs 13 (Total 75)

Government contracts 15
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Fig. 1 Plotted data for 6351-T6 butt welds.?
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3. EIHREHRBOBRT

3.1 EEHRBI 2ESFREIEBOBES

EETER 7V 9 AEENE L T 3K (BSCP
118: 7 v 3 = A DREEH~ DA, BS 5500: kig U
AhisEE 7%, BS PD 6493 @ IS HkF D RFEZ A
NAEDHE T 2458 Bd b, BIE, WERMA
L3, S.J. Maddox™ REBRIBOME EWTEE N 2HH
FHREERKEOEERBOTRBRNT S

Table 3 Alloys covered by CP 118.'%

Alloy
CP118 Aluminum Covered by fatigue rules?
Association -
H30 6351 Yes
N8 5083 Yes
H20 6061 Yes
H15 2014 Only unwelded members.
H17 7020 Yes
N4 5052 Yes
N5 5154 Yes
N6 5056 Yes
H9 6063 Only welded members.

1) BSCPl118 7. 1 = v LA DEEW~DHA

CHBM%%H,Eﬂam&%<%ﬁ%m%«®7wz
Sy ASEOFHEPRELIZD DT, 19694FITARK, 1973
BIZWIEE N TV 5, Tabled &4 ORI & WY HE
JIOBEDHFRERT,

CP118 i3 — M gy B aHIE MG & M, WML T
Ml 257 AXTRHAL TE D, FLIOEFHRE 2 & >
M TRE » 2k, HEHHESET T 5IE 1 ~
OMELTEL, 1HREMTHL, CORHL 27 L%
RGO 7 — 2 2 653U I TO 2 #E BT O
HEFE DX S IZHIET L 25 O Maddox Dig
BThbd, TOHMEZPFE 7V = 9 2 O R
DRIUERETE 2256 TH oY, BEQIFELMRTO
B 25 A% 5 A T2 BS5400 & Tabled iR$ & 5
WWHIL -T2, T 6L Tik 3.2 TH T~ 3 23,
CP1I8% WIET A BB il M F THV SN T 28]
BT - TRV VIRRBBIE T, BHEMTFCHET S &
%@ﬁ%img5mf?iﬁm%n%n@of,%@ﬁm

HEEIS-NEE s B s &izk 3,

Table 4 Comparison of classification systems in aluminium and steel rules.®

- . Class
Description of detail CP 118 BS 5400
Plain material, finished edges. 1 A/B
Longitudinal butt welds, ground flush. 2 B
Transverse butt welds, ground flush. 2 C
Continuous longitudinal butt welds without stop/start. 3 C
Transverse butt welds, good overfill shape (height limited to 3 mm
in CP 118; good shape achieved by choice of welding procedure in BS 3 D
5400).
Continuous longitudinal fillet welds without stop/start. 4 C
Transverse butt welds without overfill height/shape limitation. 4 E
Transverse butt welds made from one side. 5 No included
T‘ransverse butt s‘;velds made on permanent backing strips attached 5 F
with full-length fillet welds.
Transverse non-load-carrying fillet welds. 5 F
Cover plate on beam flange. 5 G
Transverse butt welds made on permanent backing strips not attached
with fillet welds. 6 F
Transverse load-carrying full penetration weld in cruciform joint. 6 F
Transverse load-carrying partial penetration or fillet weld in cruciform
or lap joint (weld toe considered). 6 F2
Transverse load-carrying full penetration weld in T-joint. 7 F
Transversg load-carryiz}g partial penetration or fillet weld in T-joint 7 F2
(weld toe in stem considered).
Continuous longitudinal fillet welds with stop/start. 7 D
Discontinuous longitudinal non-load-carrying fillet or butt welds. 8 E
Web to flange weld at cope-hole. 8 F
Fillet welded web stiffeners. 8 E
Longitudinal non-load-carrying fillet welds. 8 F or F2 if attachment
more than 150mm long.
Attachment to edge of stressed member. 8 G
Transverse load-carrying partial penetration or fillet welds (weld
throat considered). 8 w
Longitudinal load-carrying weld. 9 G
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T3, PlAE, N=2X10°®D 0aiz R= 056 0.5 TH

Stress Possible sites for fatigue cracking  Class o/ I — S P ) oL i \
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y@TywwA y , BERNTIh, BITRMIEROIR & 1 - 125595 BT
start-in continuous we . et e . !
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Ox A3 3,
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Fig. 5 Example of welded joint classification 2) BS 5500 Jcis U Mg BRIE )% 88
in BS CP 118 (1969).!» BS 5500 T, 19814Ed> 5 7 & = v ABIF AR O
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Fig. 6 Set of design S-N curves for R=0 from BS CP 118 (1969).1®
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Fig. 7 Curves relating planer defect size and fatigue
strength for defect at mid-thickness from BS
PD 6493 (1980).'»

Table 5 Acceptance levels for non-planar welding defects from BS PD 6493.'9

Quality Equivalent class | Constant in S-N Maximl'lm ler‘xgth Maximum buried porosity levels
category | (see Table4) | curve® of slag inclusion® % of area of | Individual pore
] (mm) radiograph® diameter (mm).
Q0 | above D 565X 10" 1.5 0 0
Q1 D 5.65x10" 2.5 3 Lesser of 6 mm or
thickness
4
Q2 E 3.84x< 10" 4 3 ”
Q3 F 2.35x 10 10 5 ”
Q4 F2 1.60:< 10" 35 5 ”
Q5 G 0.91:x10* No maximum 5 ”
Q6 w 0.56<10'° 4 5 7
Q7 <W 0.37x10*° 4 5 ”
Q8 4 0.23 10 7” 5 ”
Q9 ” 0.14 %10 4 5 ”
Q10 ” 0.09x10*° 4 5 ”

(1) Equation has form (stress range in N/mm?)® N=constant.
(2) Tungsten inclusions do not affect fatigue strength and need not be considered.

3

porosity during inspection.
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5% is set as the minimum acceptable level to ensure that more important defects are not masked by
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Fig. 9 Fatigue test results for transverse butt welds in 5083 alloy illustrating
effect of stress ratio and thickness,'®
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Fig. 10 Fatigue test results for longitudinal butt welds illustrating effect
of stress ratio and thickness.’®
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Fig. 11 Proposed design S-N curves for welded aluminium alloys.!®
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Fig. 12 Fatigue test data for transverse butt welds.'®
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Fig. 13 Fatigue test results for beams with intermittent web to flange welds,'®
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Fig. 14 Fatigue test data for beams with fillet welded stiffeners or surface attachments.'®
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Fig. 15 TFatigue test data for plates with transverse non-load-carrying fillet welded attachments.'®
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Fig. 16 TFatigue test results for plates with longitudinal non-load-carrying fillet

welded surface attachments.!®
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Fig. 18 Fatigue test results for transverse load carrying welds failing across weld throat.'®
Table 6 Permissible discontinuities of welds on
2 mm aluminium.?®
Discontinuit | DIN 29595 = DIN 8570 | Merkblatt
iscontimuity part 2 part 4 | DVS 1611 :
[ i
I
Reinforcement, 42’y | Max. 2.2mm | Max. 245mm| ok
(b1=9 mm)
Excessive | Max. 2.2mm | Max_.g.éSmm - |
penetration, 4a’s ! (b2=6.5mm) > -
; . — %)
Weld width, by Min. 4.0 mm T
Misalignment, e Max. 0.45 mm
for plain sheets . 0,20mm B
Max. 0.70 mm
for curved sheets & B\
Angular — - e —
contraction, g8 —Lv— | Signification
Root concavity, 4a’s | Inadmissible Inadmissible - ~ L Tl
Pores Max. 0.6 mm B Max. 0.6mm
! dia. (singl dia. (single)
| e (s.mg. e) | dmi gbl Fig. 19 Sketch for measuring of fatigue
Cracks - Inadmissible o : Inadmissible specimens.?®
Tungsten Includings Max. 1.0mm dia. - jMax. (()i.?;nm

* Not defined
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Fig. 20 S-N diagram of butt welded AlZn4.5Mgl
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Fig. 22 S-N diagram of butt welded AlZn4.5Mgl
F35 alloy.2®
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Fig. 23 S-N diagram of butt welded AlZnd 5Mgl
F35 alloy.?®
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Fig. 24 S-N diagram of butt welded AlZn4.5Mgl
F35 alloy (Prosity 154).25
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Fig. 25 S-N diagram of butt welded AlZn4.5Mgl
F35 alloy. (Crater cracks).”®

Table 7 Effect of edge misalignment.?®

Edge KFatigue strength/Fatigue strength
Alloy misalignment| at 5 10% cycles | at 2 10° cycles
(mm) (%) A (%) B
0.0 Machined 100 100 100
0.0 79 64 52
AlZnd.5Mg 1 0.2 38 72 73
0.4 59 43 47
0.8 45 36 42
0.8 Machined 52 42 59
0.0 100 100 100
AlMgSiCu 0.1 . 88 83 87
0.2 85 83 75
0.8 65 65 60
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Fig. 26 S-N curves of 5086-H116 base metal and
unpeened GMAW weldments,?”

10"
e
._———L- .

E) |
l%”R—/e’* iy
AN
i&t _L[ | n 1 }
T
Fig. 27 Flat plate tee fillet-welded specimen
(GMAW).2»
25
Base metal Peened butt welds
'y \< intensity (Almen A)
)| e e— +0.0015
27,‘ N - A ®0.0025
:15\. e -t _ | =0.0035
= N = A0.0065
s ST ®0.0080
2 10 D e g 3%
»n Unpeened butt welds ™~ S
. -
0
1 5 3 7 8
0 10 10 N 10
Fig. 28 Effect of brush shot peening on fatigue

performance of 5086-H116 GMAW butt
weldments.?”

[
- Base metal
20 T
- -
U A ]
4
10 ]
GMAW
O | R
105 106 107 108
N
Fig. 29 Fatigue performance of 5086-H116 EBW

weldments (Rotating cantilever

specimen).?”

beam

4x10%



50 ERE 2R KB

April 1983

AREEMIR U 7o GMAW 24 #kTF O 35 13 B4 i
(15 ksi, N=10") FCRIEL, THMAHET T 5 ksi 23
10 ksi i U7z, EBW 224 #kF o Bl ih U 5 95 R
R & FREE T dH 55, ST OB A& ML &

5729 GMAW T & kL o 12, i, FH~O
AL Ve X1 BT AT L —NA TS5 0T TSy
PR, TR —~2DF— 274 k 0.0035~0.0080 ©
FHTH-> TV %,

Polmear® (3 # %t 5356 2 AT 2 SR LU ICEEE
T (WFE 88mm) & EFFHMAKT WE 6.3mm) 1T
2T Janson Needle Gun % AT ¥ —= 7T (50
mm AEE %2 10 sec TULEE) 2L, I FEMICAITT
W R B UIZ, YRR R=05K% 14 & L, B
OE—= v V3 TPHEX»ARTAMEL@ETHL T 5,
MBS R Fig. 30 iR 7451, wIhogad v
— 2 L TREBETH - 1o, BFHERAHERODHE
MEZ LV, &5, 742 - FLvo v 7O8R HE
LTHh, RBHOUKRGROMD (Fig. 31 ) O
W, EETHTOBEH1.9~3.34%, WAMFET3I3 ~5.1
f5, FNEFRFEYEYHEMPRLL, S-N#iiR% Fig. 32
RT, 742 - Rl oo Z3FEHNCE L Cogings,
E—= oI & DR TH 20 HNZL LB~ TH
%o
3, W.Kohler® 1 AlZnd5Mg 2 &4 D0 TIERE
WOMGIE a2 HET 20D s v PE—= 0
OFBEHRH LT h, ZOERO--IE L TG RHE
B (R=0.1, 30Hz) %ff- T\ 5%, Fig.33 itiR7 &3
W RENEL L WFESN, Fvs v pE—2 Y
% ($084mm #3 zr— X, A2, 0.16) OTHEERHILT
BB 3500 T —280 N/mm® 2L, KL h s
0.08 mm (EAMH B 5,

90
L)
7 A\
q\oX Xxé| e
= 60 . = 3 ST TTTTT
+ % X xXon o~ [ 2
-~ X X -
5 4 [ele) XX X\(
3 > S X e
L2 \_ O
9 30 =
&)
0 As welded specimens
15— x Specimens peened before preloading
® Specimens peened after preloading
0 -
10° 10¢ 10° 108 107 108
N
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preloaded to a stress of +13.8 MPa).?®
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Fig. 31 Profiles of (a) untreated and (b)
dressed fillet welds.”®
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Fig. 32 S-N curves for untreated and TIG dressed
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Fig. 33 S-N curves of unpeened and shot peened
(glass ¢ 0.84 mm, 2% 98%) welded joints of
AlZn4.5Mg 2 alloy.*®
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Butkhead plate Bulkhead stiffener

Shell plate

Configuration 1 Shell longitudinal discont.

Coller plate

Configuration 2 Shell longitudinal Cont.

Shell longitudinal

Configuration 3 was geometrically identical to Configuration 2.
Only it was originally made like Configurationl. Then reworked.

i
' )
L

Configuration 4  Bulkhead stiff. flg. sniped to 1.25”

Table 8 Results of variable amplitude bending tests.?®

Approximate no.

Specimen No. years to
type ye.a.rs .to crack failure
initiation

B-1-1 23 (26.6)*
B-1-2 30+ (28.4)*
B-2-1 13 (32.0)*
B-2-2 8 85.8
B-4-1 20 60.3
B-4-2 10 54.3
B-6-1 12 125.0
B-6-2 18 101.8
B-7-1 80 125.0
B-7-2 25 68.4

*These specimens were not tested to failure.
Numbers shown indicate when test was stopped.

#*ifetime midship bending stress spectrum
(primary hull girder bending).

Applied stress (ksi)

12t
10F

5 8l -

5 6

= 4k

2_

0 : : ¢ t 4 :L:
=R INEIT INSUEN USRS TR ST
- N
§ 5L

,8_

Configuration 7 Bulkhead stiff. sniped to web

Configuration 8 was similar to Configuration 7.
Only the longitudinal stiffener was dicontinuous.

Fig. 34 Structural detail configurations examined in teet program.*®
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Fig. 35 Constant amplitude tension test data

compared to original S-N curves.’”
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Fig. 37 S-N curves for cross joints (AlZnd.5Mgl F36,
R=0.1).2»
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Fig. 38 S-N curves for K-joints (AlZn4.5Mgl F36,
R=0.1)
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Fig. 40 SN-Simulation extruded beams, base metal
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Fig. 41 SN-simulation butt-welded beams, R=0.1,

no residual stresses®®.
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Fig. 42 SN-simulation butt-welded beams Fig. 41,
residual stresses included, R=0.7%%,

% (Calibrat.: 3.458,000 cycles, SR=36 N/mm?,
a=0.4162 mm, C=10.0 mm)
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7 —K Oldsmobile 88, 98 AV Ford Fairmont, LTD S/W rear
(£ v - 7% ) C}ltlass. .Toronado 7«4 AN~— Escort, Mercury Marquis S/W
(7o a3 00) Ciera, Firenza (7v=4 1) Zephyr, Lynx,

pontiac Bonneville
Continental

GMC Corporate “B” Wagons
Chevrolet Chevette

Ford LTD S/W

Mercury Marquis S/W

a~K7a7

Chrysler Dodge Omni
Plymouth Horizon

AMC Concord, Sprit, Eagle
Volkswagen Rabbit

FoEdF) oK
H— K

Buick Riviera, Cadillac Eldorado
Oldsmobile 88 ,98, Toronado

Buickskylark, Oldsmobile Omega
AMC Jeep Cherokee-Wagoneer

IN N U)(
T xA AN (F)eA )

T NE v Oldsmobile 88, 98, Toronado

Lincoln Town Car, Mark V[
Jx4 AN~ (# 8L~ %) Continental, Imperial

PASPVANEE 7}

Cadillac-All Models

Buick Riviera, Electra, Le Sabre
Oldsmobile-Most Models
Chevrolet Caprice

Pontiac Bonneville
Chrysler-Some Models
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TR ARV E

AN (]
VAT g — A A

Buick Century, Electra, Lesabre
Regal, Cadillac Deville,
Eldorado, Seville, Fleetwood

Chevrolet Caprice, Impala,
Maribu, Monte Carlo,

Pontiac Bonneville, Catalina
Phoenix, Oldsmobile 88, 98

" Sports Owega, Toronado, Cutlass

Lincon-Some Models, Continental,

Imperial, LTD, EXP, LN-7

kA —ov
EFA

Chevrolet Pick Up/Van

Ford Mustang, Mercury Capri,
AMC Spirit, Concord, Eagle,
Cadillac “J”, Continental

AMC Wagoneer, Buick “J”

H -7 GMC, Ford, Chrysler, AMC,
-4, XAV Volkswagen-Some Models
K7H—FK Buick Riviera,
Cadillac Eldorado
Oldsmobile Toronado
AF TV Y Ford Mustang, Pick Ups
A = Mercury Capri
Dl AR Many Station Wagons
Cadillac Deville
Continental GMX, GMJ
YA Most Models

FULT—4 Chevrolet S/W (Large)
Pontiac SW, Escort/Lynx
Volkswagen Rabbit
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On the Properties of Aluminium-Copper
Transition-Piece Manufactured by
Hydrostatic Extrusion Press
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N [ c D
C1220 | e No. 1
______ -
L%_"'.@} {_— H ,,,, 1 %!%E
1
(W {3 mm)
[ | | No. 2
WTHB) A B C D E F G | H
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5.2 RREMETE

5.2.1 BEERATM&E UMRT GEMBETEL (HEE)
B O MBS & ENAREOREICEL D, BWHEOHE
THRMEERZTS, 217U, PEX REEE & HZ2EE
T50T, Ki#EOH (56.2.3 IAMK) icia UMRT o
EE () KXBR) BUBETH B,

= 2GeA)
m A (1)
L
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K1 &KHT I 2F v 2 EORIMEREME
: Wirsbo BT 5255 217 |
¥ B E I S Do AL & A
A B C D
I n 12 2 17 2 26 2 272.1 |15.88x1.57
g M % 12.0~12.3 | 16.9~17.2 | 26.1~26.8 | 26.3~28.5 |15.9~16.25 (Jlslé’g;&)
mm) | om 2.05~2.10 | 1.90~2.10 2.35~2.71 | 1.97~2.06 | 1.65~1.70 | ( F10%
34N B 700 700 1500 1900 700
) Bl (kg/cm®) 230,191, 204 | 204, 171, 183| 231, 195, 209| 259, 239 | 260, 212 200
3 ARAAER 200 mm/min 7o 7 a g8, 130A (J1S K6762)
L2 | 2408 1058 '|152,150,215| 108, 80 | 138, 35B
2 iz
%’;‘%m ™ (mm) 12.25 17.65 27.40 28.00 16.60 | (JISK6762)
| 30kg/em? # (mm) 12.35 17.80 27.80 28.30 16.90
PINERY
WIS (kg/om®) 100 50 35 37 50
W;";ﬁ”gz ~ (kg/em?) 243 188 165 233 215
B H HEE 6k 2 N LT
Y- 31 3 ((ieg/em?) lzjs(%c zf}/ljm 200 186 200 249 %6a | S
Y f—““" ' (JISK6762)
oo @) 265B 1308 80A 55A 85C
wooo& 0 o#  om | KBSl waevy R B W O£ | R k| R OE
® B (%) | 700~80C 0.017 0.020 0.550 0.052 R
| KM #5421t (ppm) 0.61 3.99 3.07 1.53 0.92 | (1185%762)
eimargs | e 2-0ppm Cle& K - — o . ~ . — >0.5
veipatin | i gi | e, 24hr 0.5 LU [T I Wk Al yist (JTSK6762)
N >1
PR (PP 0.4 0.3 Lo - 09 | (y1SKere)
KM O:3 %34t (ppm, % &% 9| 100Cx30min | 0.90 3.00 7.19 3.89 3.89
% (e o B |150C, 50~60hr B B WA SRR SE 4 B AR
P ; . 1.53 1.79 2.61 1.49 1.53 :
IR Ra e (%) 120C, 0min | 0377 6g)l(1.31~2.39) (2.47~2.72)|(1.40~1.57)|(1.46~1.63)| 2 (Wirsbo)
RO B, 50 ppm wBEL | A O£ | W & | W & | @ % | (JISK630D
A 2 e g D T g 172 103 235 242
o e BCS
fif CON R 2558 130A 1358 60B 85B
(1) INCOTTE AR, B TOMN 2R,
(2 JISK6062: /EHNY =51 &
JIS K 6301 : fnft = 2 4 BEEB 5 Bk
Wirsbo ; Wirsbo &L MR ALHE
() T o
Wirsbo ikl 75 25 v o &
PEX & A B C D
% W i ¢ | 0.60D | 0.60D | 0.60D | 0.60D  0.60D
0.6D% T : . bt
it o @) | 15.4 9.8 | 7.5 | 55 | 87
g2 3 /% ¢ | 0.33D | 0.30D | 0.38D | 0.32D | 0.30D
0.3D% T |
o @ 68.4 45.2 | 20.5 | 20.0 | 34.4
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3l B M & (kg/cm?) 484 hr 209 185 205 259
(*T‘/“/!-\%‘/\
DIY- {# 163 (%) 155B 160B 230A 80C (JISK6774)
.. - _ 25 . - . -
B4R BOR B4 MW 3 ) Pl B E | R E R E | Wk
R (%{I 0. GD) MmnE R A W A R K| R E
AL Bk
35T Uiﬂz‘ié(kg/cmz) kR 7K 206 175 208 221 237
i * (%) | 30H 2558 110B | 130B 15C 45B
wE o E (BEOSDY min s |\ m & | R & @ E | WK
T W i o
B | 95 F‘lal;;ié(kg/cmZ) AGEIK 210 184 204 219 235
il * (%) | 30 175A 135A 275B 25B 40C
NN (5 O-SD)‘ wany | A K| WA V‘ W& | F &
105C u[v&ﬁ'é(kg/cmz) PIS=¥iN 212 190 207 202 223
{LH o (%) | 30H 195A 180A 265B 25C 50B
WhoHE (HTEatl) WhxlL R/ A /£ R E | R K
20 -
WHEAE | Bl IE M s (kgf/em?®) | s 215 197 200 250 251
{ih ®w (%) 230B 155A 60B 65B 75C
L) e () MY | Wk W E | W % | W k| (JISKerd
Igepal 1% 95C, 30F 9 ) Mn - | W& R % R K | W & | (ASTM)
BiB1IG S |- : —_
" Igepal 10% ” vy EMaT R E | R E R E R K| (7o)
1824
sus—bili Q410 [168hr (4 ) W T | B A | W E | B A | W &
oAy v - s (4 ) mMAT | A& | R E | HE| A K
5% HCI 4071 Tl L | AU | Elenl | Ber L
5% CHsCOOH 7 7 7 " ”
5% NaOH ” 7 ” ” ”
T3 — - o
ShER 5% NHs ” ” ” ” ”
79@ NaClO V4 : 7 7 7 H ‘/’/ N 7
(1) .. .
v v v € v 7 7 7 Vi ”
) — 2 V4 7 o // Vi o Y
L x 5 i 4 i ” ‘ ” ” ) ”
5% Gl & (kg/cm?) 4 201 180 198 235
HCI :
fih & (%) 4 135B 145B 245B 45B
s s - 1
o 50, | Bl (kg/cm?) ” 196 177 200 245
‘NaOH . - i -
(1) A2 ” 100B 165B 120B 87C
| .
7% iJlui<}ié(kg/cm2) ” 198 173 203 237
NaClO; . N T -
f'l‘ & (%) 4 185B 145B 160B 95C

() JISK 6774 @ #liH 2 A Y =57 L 8
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