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Weld-Solidified Structures and their
Mechanical Properties of Aluminum Alloys

by Toshiyasu Fukui and Keizo Namba

This paper discussed the morphology of solidified structures in aluminum alloy welds and
their effects on the mechanical properties.

Experiments were conducted to investigate the effects of heat inputs on grain-structures,
dendrite cell size, distributions of solutes and other behaviors of 99.59 Al, Al-4.5% Mg and Al-
49;Zn-29;Mg alloy welds, and were followed by the tests of such as tensile, bending, impact
and hardness.

Grain-structures coarsened slightly with the increase of heat input per unit length, though
columnar grains were likely to be formed on the side of low heat input and granular grains
were on the side of high heat input. In addition, the formations of feathery grain and layer
line were influenced by the heat inputs.

If three dimensional heat flow during solidification was approximately ensured, the dendrite
cell size increased parabolically with the heat input per unit length as predicted from the
theory of dendritic solidification involving mass-fransfer and heat flow theories. However, it
increased linearly with the heat input per unit length, if three dimensional heat flow was not
ensured because of full-penetration.

Concentrations of solutes such as Mg, Zn, Fe and Si in the dendrite cell matrix were likely
to be decreased with the increase of dendrite cell size which was resulted from the increase
of heat input.

The properties of such as tensile, bending, impact and hardness were remarkably decreased
with the growth of dendrite cells. There was a linear relationship between the tensile strength
and reciprocal of square root of dendrite cell size as predicted from Petch’s equation.

The tendency of decreasing mechanical properties with the increase of heat input or growth
of dendrite cells was scaxcely affected by homogenizing, except for the hardness property,
although the mechanical properties in general were remarkably changed by homogenizing the
solute elements such as Zn and Mg, and simultaneously increasing their concentrations in cell
matrix.

Quench-sensibility or age-hardenability of Al-Zn-Mg alloy welds was scarcely affected by
the heat input in these experiments, though it was generally considered to partly depend upon
the solidification rate.

It was concluded that the mechanical properties of welds were affected by the dendrite
cell size, solute concentration, distribution of secondary phase, and grain structure. In particular,
the effects of the former two factors were significant among them; in addition, the effects of
impurities such as Fe and Si were not negligible.
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Table 1 Chemical compositions of weld metal in test specimens

Chemical compositions, %
Materials i
Cu Fe Si | Mg Mn Zn Cr Ti Zr Al
Al Al~Al4 0.02 0.29~0.34 | 0.09~0.10 <0.01 <<0.01 0.01~0.02 <0.01 <0.01 — 99.52~99.59
Al-Mg Mi~M14 <0.01 0.14~0.19 | 0.05~0.08 | 4.32~4.45 | 0.62~0.67 <0.01 0.13~0.16 <0.01 — R
Al-Zn-Mg Z1~Z14 0.01~0.02 | 0.15~0.20 | 0.03~0.07 | 2.09~2.30 | 0.26~0.30 | 3.98~4.15 <0.01 0.01~0.02 | 0.15~0.18 R
Table 2 Conditions of heat input in bead-on-plate welds
Heat input per unit length, cal/cm
Materials Remarks
99.5%A1 Al-4.5%Mg Al-4%Zn-2%Mg
Al 585* M1 753* zZ1 713%
Test 1 A2 1500* M2 1800* Z2 1660* Filler metals: 24 mm¢
A3 2570% M3 2640% Z3 2520%
Ad 3760% M4 3760 Z4 3530%
A5 707* M5 641* Z5 707*
Ab 1550*% M6 1490% Z6 1420%
Test 2 AT 1800* M7 1800* z1 1880* Filler metals: 1.6 mm¢
A8 2250% M8 2250% Z8 2350%*
A9 3260%* M9 3260%* Z9 3140%*
A0 3910** M10 3910%* Z10 3760%*
All 1880* Mi11 1730 z1n 1880*
Test 3 Al 2690% Miz 2470 Z12 2590 Filler metals: 1.6, 24 mm¢
Al3 3760%* M13 3760%* Z13 3760%*
Al4 4020%* M14 4520%* Z14 4820%*

* Incomplete penetration, ** Complete penetration (pass through)
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Fig. 1 Tensile, Charpy impact and bending test
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Photo. 1 Effects of heat input on macro-structures of Al-45%Mg alloy welds
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M HEDKEL WL 5T B = OERIE99.59 Al Al-45%Mg, and 99.5% Al welds, respectively. (%100)

Layer line structure

——99.5%A1 (1500 calfem)—

Table 3 Results of qualitative observation of characteristic structures in welds

D Characteristic structures observed in welds
egree
Materials of heat Columnar Granular. Feathery Layer Remarks
input grain grain grain line
e ey Tyt e
low -
) . T — <0.01% Ti |
Al Mediom %
. — —— <0.01% Zr
High
low
<0.01%Ti
Al-Mg Medium 0
<0.01% Zr
High
tow
0.019%Ti
Al-Zn-Mg Medium 7
e 0.17%1Zr
High -

Observed remarkably ; -

Observed fairly :

Observed slightly . -——‘_'——1

Ohbserved scarcely
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Photo. 3 Effects of heat inputs on dendrite cell structures and their cell sizes of Al-4%Zn-2%Mg alloy welds (x100x2/3)
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Fig. 2 Relationship between dendrite cell size and
square root of heat input per unit length for
99.59%5Al, Al-4.5%Mg and Al-4%Zn-29%Mg alloy
welds
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Mg alloy welds
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Fig. 7 Relationship between Charpy impact value and dendrite cell size for 99.56%Al, Al-45%Mg

and Al -4957Zn-29%5Mg alloy welds
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Fig. 8 Relationship between Vickers hardness and dendrite cell size for 99.5%A1, Al-4.56%Mg and

Al-4%7Zn-29%Mg alloy welds
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Fig. 9 Effects of heat-treatments on tensile strength
of 99.5%A1, Al-45%Mg and Al-4%Zn-2%Mg alloy
welds made under various heat input conditions.
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Fig. 10 Effects of heat-treatments on Charpy impact value
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welds made under various heat input condions.



(129

TR & ¢ B & #

January 1971

35 I
99.59 Al
30— }
; 7.6u)
(g (w7 | (1000 o (o)
I $r-oT T ® %
| [ ! " J—
—3 v | 3
" | | |
i | |
Al-4.5%Mg o-———-c|: As welded
| I
90 \\\ [ +————e As homogenized
[«
S \:(5iou>
A Q\\\\ i
— [
: AN ]
; (X B— '
° 80 SN e - - J—
bt @ S 5
2 (7.81) | ™8 ! ° 8
% g\ ‘‘‘‘‘‘‘‘ § _____ 8. g
575 10,01 — L1750
g | 1 (10. ) (]4'2’([) ( #)
Al-4%Zn-2%Mg
105
00— : s i
R A b4 d .\
. ps -
-»
95 ol
. Juniia BBl 3
(8.20) (9.41) Tl
o -~ - ~§
90 (12.2u) g =~ 8:
(18.04) (5390)
85
0 1 2 3 4 5

Heat input per unit length, cal/cmx 1073

Fig. 11 Effects of heat-treatments on Vickers hardness
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welds made under various heat input conditions.
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Experimental Study on Roll Forming of Wide

Profiles of Cross-Sections
-— Fundamental Study on Roll Forming Process (Rep. 2) —

by Hiroshi Kimura

The effects of process variables, deformed surface and strain-path between guide rolls and
forming stand were experimentally investigated on the two types of shape of the products
through single forming stand.

One is three circular arc shape and the other is one circular arc shape having straight
part on both sides of it. Through the experiment, many facts were cleared as follows.

In the cold roll forming process of wide profiles of cross-sections similar to the fundamental
profiles of cross-sections such as single circular arc, V and trapezoid shape, longitudinal shape
of the product may be considered to be mainly controlled by both components of longitudinal
membrane strain e.. and bending strain e.; and transverse shape of the product by transverse
bending strain ey, and the rest of the redundant components of strain e.., exs ey, but the
transition of the components of strain ey exx, €xs ¢y, between guide-rolls and forming stand
show the special behavior peculiar to wide profiles, different from fundamental ones.

Among many facts that are made cleared, it is worthy of notice that the profile of the
circular part of the products is better improved as the width of them becomes wider.

To clarify this facts, the spring back process of wide profiles of cross-sections and the

effect of shear strain 7., on shape of the products must be investigated in detail.
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Table 1 General chart of test condition

99.0% Aluminium H:-H/2-0
Specimen width--.--- 40 - 80 - 120 - 200mm

thickness:--.- 1.0mm

- 3 circular arc groove

VAV

Roll Profile -1 circular arc groove with straight part on both

BIHRETF L8 Lo T+ 2 OMEMTH Do ARERT
R 1) BEAEIK U CQEaRNERAETOE
FEHAF DMK 1p: T, DIBHFACH L Tk FETEIZ
AT A TR F ORI A O I EE f=0'51py=
(B DB H ISR /(v — v 7' r 7 ¢ v O
T, EEEICOW TR L D oldda b2 & Ak TRY
M4 5, BBEHKONEFEIKS CRT LOCHBNT
WHEMEMMCINTH HEFHA - BHHO7 # X Lo
SHEOERME 1 HEANDIEL, TOEND 1/ps-py-
Al HEHT 5, 7ok, EHINERR - O3B RO HE
R OWTI RS 5,

Guide Roils

Forming Roll

Pass Line=0

T e ey e

GH: Guide Height

RGD: Guide-Roll Distance
RGD :

Tig. 1 Schematic diagram for cold roll forming through
single stand

B2 B3 B2

Roll Dimensions, mm

R RC D1 D2 B1 B2 B3

69.51 1.0 | w30 | 1850 | 40.0 | 60.0 | 80.0

4951 1.0 696 | 1884 | 39.4 | 60.6 | 78.8

Fig. 2 Geometrical shape of rolls

side of it
¥
- = £y
bl
RGD 296mm R =
I
GH ~38-—18-3-21- dlmm DRV S LA
RC 1.0mm Product Dimensions, mm
® [t [ b1 [b2 | 6371 b4
Forming 3.0 m/min . 69.5] 1.0 1400|600 |.80.020.0
pee 4951 1.0 1394 1606|788 1206
Lubrication | No Lubricant

Fig. 3 Geometrical shape of products
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Fig. 4. Stress-strain curve of the specimens

100 —>k— 100

Product

(1) Measurement of longitudinal shape

of the product

Cross-section of the product

(2) Measurement of transverse shape

of the product

Fig. 5 Illustrative diagram for measurement of the

shape of the product
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2= X024 ‘
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g Roll: 3 circulararc groove
S35 rolf (50R)
L 3 S5 Ti-0-, -
T ae O b2
52 I
25 B (o)
10 — e U G e WD B
\
A
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____'; <
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<
A Inlet angle of specimen
) | a
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\
\
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\
\
=10 [ N
A Y
N
~
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\
.—]5 \
\
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Fig. 6 Effect ot inlet angle of specimen a on longitudinal
curvature of the product (1/p.)
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- woll (70R) !
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’ :/2 convex| roll
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Fig. 7 Effect of inlet angle of specimen « on longitudinal
curvature of the product (1/py)
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Fig. 8 Effect of longitudinal membrane strain ey, on
longitudinal shape of the produt (1/p.)
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Fig. 9 Effect of locus-length difference A¢ on longitudinal
curvature of the product (1/px)
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Transverse shape
of product Py /Py
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20 0 20 60 0

Distance from the center,, mm

Fig. 10 Effect of inlet angle of specimen «, temper
of specimen and transverse bend radius py
of roll profile on transverse shape of the
product

Table 2 Calculated value of spring-back intensity
f=p'y/py of sheet metal subjected to
simple transverse bending without re-
dundant strains

— — Bend radius, mm
Specimen 50R 70R
H 1.48 1.97
H/2 1.42 1.70
(0] 1.09 1.12
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S0R & 70R OBFEL KT 5 & BMMNIMDEE & [ Uk

(point of inflection)

1
1
% %0 0

[ ] U Y
D
(=]

(point of inflection)
Distance from the center, mm

Fig. 11 Effect of inlet angle of specimen «, temper of
specimen and transverse bend radius py of roll
profile on transverse shape of the product

X10-4__1 I
© Roll I circularorc groove
ERSS profile  (50R) with stroight
2 part on both side
Sc 5 of it
8 o H
=R O w2
oE = 8 200—.— : O
S5 :
- ko A —"—
! I
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Fig. 12 Effect of inlet angle of specimen a on
longitudinal curvature of the product (1/p.)
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Fig. 15 Effect of inlet angle of specimen «, temper
X 1074 | l . -
t of specimen and transverse bend radius py
Roll 1 circularare groove of roll profile on transverse shape of the

port on both side
of it

Longitudinal curvalure
of the product {1/4,),

_//// G Els T o .n
-0 H/2
& 0

8:120
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Fig. 13 Effect of inlet angle of specimen « on
longitudinal curvature of the product (1/px)
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Fig. 14 Effect of inlet angle of specimen a« on
longitudinal curvature of the product (1/ps)
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Fig. 16 Effect of inlet angle of specimen a, temper
of specimen and transverse bend radius py
of roll profile on transverse shape of the

product
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Fig. 17 Effcct of inlet angle of specimen e, temper of
specimen and transverse bend radius py of roll
profile on transverse shape of the product
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0:B=80 (N )
@ :B=120 (on) Y=0
® - 8200 (— )

g : < E 50t Roll . 1 circulararc groove (SOR)
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Fig. 18 Effect of length of straight part of roll profile
on transverse shape of product
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Fig. 20 The relation between displacement x and z
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Fig. 21 The relation between displacement x and z
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Roll . 1 circulor arc groove { 50R) with
profile * -\ aight port on both side of it
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Fig. 22 Transition of transverse shape of the product
from the guide-rolls to the lst roll

Roll . I circular arc groove (50R)

profile * with straight part on both
side of it
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Fig. 23 Transition of transverse shape of the pfoduct
from the guide-rolls to the Ist roll
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Table 3 Comparison calculated spring back intensity f. of sheet metal with experimental one f,

Specimen B. mm Y, mm kg nI:/Ir;’/mm kg nll/[rrz;}mm M=My—»M, fe fe fe—Tfe mean value
Simple bending 2.26 4.92 4.24 — 1.48 —
0 2.62 3.96 3.18 1.00 1.30 0.30
200 10 3.94 4.30 3.12 1.05 1.80 0.25 0.27
30 —1.07 —4.31 —38.09 1.05 1.30 0.25
0 1.58 4.27 3.80 1.20 1.40 0.20
H 10 2.24 3.64 2.96 1.25 1.30 0.05
80 0.04
30 —0.80 —2.43 —2.19 1.25 1.20 —0.05
35 —2.85 —4.24 —~3.38 1.40 1.35 —0.05
0 2.76 4.49 3.66 1.20 1.39 0.19
40 10 2.67 4.15 3.35 1.40 1.35 —0.05 0.03
15 1.44 4.68 4.25 1.55 1.50 —~0.05
Simple bending 0.54 1.22 1.06 - 1.09 —
0 1.30 0.66 0.27 0.95 1.02 0.07
200 10 1.39 0.84 0.42 0.95 1.04 0.09 0.12
[¢) X 30 —0.17 —0.36 —0.31 0.83 1.02 0.19
0 1.30 0.66 0.27 1.02 1.02 0
40 10 0.39 0.70 0.60 1.00 1.05 0.05 0.02
15 0.51 0.92 0.77 1.05 1.06 0.01
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New Electrodeposition Coating Method of
Aluminium and its Alloys Using the EDECA Process”

by Shiro Terai, Shizuo Kimata and Hirotaka Matuo

The EDECA process is a new electrophoretic painting process on aluminium and its alloys.
This new process has been developed jointly with Toagosei Chemical Industry Co., Ltd.,
Dainichiseika Color & Chemicals MFG. Co., Ltd. and Sumitomo Light Metal Industries, Ltd.

EDECA is basically a kind of the electrophoretic painting method which utilizes electro-
phoresis and electro-osmosis occuring in a painting bath composed of dilute water soluble resin.

EDECA process is carried out anodically in an queous solution of water soluble thermosetting
acrylic resin plus extremely fine pigments or chromogen-bonded-polymers, having the electrical
resistance of more than 600 Q cm and a pH-value of 7.6~8.0. The resin is negatively charged
in a painting bath and the particles of the pigments are also negatively charged by anion
active surfactants. The deposition voltage lies between 40~90 volts, and the initial anode
current density is between 0.3~0.1 A/dm?; the coating time usually varies from 90 to 180
sec. for 10 to 30 p thick deposits.

The applied film is transparently colored or opaque (white or colored) as desired.

Typical properties of applied film are as follows.

1. General Qualyty

Aluminjum sheet, extrusions and other products, because .of. their superior corrosion
resistances and smooth surfaces, are excellent bases for the high quality paint films used in
EDECA process.

The chemical pretreatment plus the proper application of high quality thermally cured
acrylic resin assures a finish that will exhibit no cracking, blistering or peeling.

Test panels have shown that paints in standard colors, properly formulated and applied,
will show little change in color or loss of gloss after 1.5 years outdoor survice in the adverse
climatic conditions of Tokyo.

2. Pretreatment

Suitable mechanical surface treatment and cleaning to obtain desired appearance and
degreased surface and a uniformly applied chemical conversion coating of the acid-chromate-
fluoride-phosphate type are needed. In EDECA process, like other painting systems, the chemical
coating in conjunction with the baked organic finish produces a finishing system that will
meet the various kinds of tests specified in following standards.

3. Surface Appearance

Very smooth, completely uniform, and free from flow lines, blisters or other surface
imperfections, and transparently or opaquely colored.

4. Dry Film Thickness

Exterior application; 0.8 mil min. Other applications; As required for desired appearance,
effect, properties or color match.

5. Pencil Hardness

Grade 2H minimum Mitsubishi Uni pencil when tested as follows:

* Ty, BE, 70, AXYVR, BFF, BEA4Y, 750 RBLEA4 2EEHEHHEEF,
o m e R T ERNAT DI T3EL P RESR/AFEIEGRNSE PEERT YR Rt TEERNRE HiFE=E
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Test Method: Strip wood from pencil leaving full diameter of lead. Using emery paper,
flatten end of lead so it ts 90° to pencil axis. Hold pencil at 45° to film surface and push
forward about 3cm using as much downward pressure as can be applied without breaking
pencil lead. If pencil ruptures film, repeat procedure using next softer grade pencil. Pencil
hardness of film is that of first pencil which will not rupture film.

6. Impact Resistance

Painted sheet will withstand direct and reverse impact of 300gr x 50cm, when tested as follows:

Test Method: Subject the sample at room temperature to 300grx50cm impact force by
use of a Du Pond type impact tester, with a 1% inch diameter mandrel. If metal is ruptured,
decrease the impact in 3000gr-cm increments until no metal fracture occurs. Minute
fracturing of film is permissible, but when Scotch cellophane tape No. 610, 2.5cm wide, is
applied to the deformed area and pulled off sharply no film will be removed.

7. Mimimum Bend Radius

Painted sheet can be bent to minimum inside radius of 1.5 T in terms of metal thickness “T”

Test Method: 180 degree bend using 1100-H14 sheet as a base metal (0.8mm thickness).
Scotch tape test described under “Impact Resistance” for testing film adhesion after bending.

8. Film Adhesion

No removal of the film will occur when tested as follows:

Test Method: Using a sharp knife, make 10 parallel cuts through the film at lmm
spacing. Make 10 similar cuts at 90° to, and crossing the first 10. Perform Erichsen cupping
test of 5mm deep from the reverse side of painted sheet (1100-H14) in the center of two

crossing cuts. Apply No. 610, 2.5cm wide, Scotch cellophane tape firmly to the area and pull
off sharply.

9. Color Uniformity

Color uniformity will be quite constant when tested as follows:

Test Method: Check visually under a day light lamp.

10. Humidity Resistance

No formation of blisters when tested as follows:

Test Method: Put the test panel in a closed cabinet for 1000 hours at 45°C and 95%
relative humidity

11. Weather Exposure

Outdoor Exposure; No crazing, adhesion loss, chalking or fading and only slight loss of
gloss when tested as follows

Test Method: 1.5 year outdoor exposure at Tokyo, at a 45° angle facing south.

Accelerated Exposure; No adhesion loss or color change, and only normal water staining
when tested as follows;

Test Method: 1000 hours in Sun-Shine Type Weather-Meter.

12. Salt Spray Resistance

Undercutting of film from scored line, 2mm maximum when tested as follows:

Test Method: 1000 hours in a salt spray test cabinet using 5% sodium chloride solution.
Film scored diagonally sufficiently deep to expose base metal.

13. Chemical Resistance

No loss of adhesion or gloss and no color change or staining when tested as follows:

Test Method: Fix two P.V.C.-rings of 3cm diameter and 3cm deep on the flat test panel.
Fill one ring with 29 caustic soda solution and leave for 16 hours and fill the other with
1094 sulfuric acid solution and leave for 72 hours at room temperature; remove the fixed rings
and rinse test panel and inspect in a day light lamp.

The following points are described in detail in this paper: bath constituents and their
functions, preparation and control of painting bath, deposition characteristics, processing
scheme including pre-and post-treatment, some principal properties of the applied film and its
assesment and some typical applications.

* The EDECA process is the subject of US.A., England, Canada, West Germerny, France, Swiss and
Japan patent applications.
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