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ABSTRACT
* method for lining aluminum alloys with hard metal foils using shot peening is proposed. The

il is welded to the surface of the workpiece due to plastic deformation generated by the hit of
1= shots. In an experiment of point lining using a single shot, the workpieces are aluminum
“lloys A1070, A2017 and A5056, and the foils are titanium, nickel, steel and stainless steel ones
O1mm in thickness. The hard foils are welded to the aluminum alloy workpieces by rising
ie processing temperature. To heighten the weldability at room temperature, a pure aluminum
1l is inserted between the hard metal foil and aluminum alloy workpiece in the shot peening.
Keywords: lining, shot peening, pressure welding, hard metal foil, foil insert

[ INTRODUCTION
Because of an intensive demand for the decrease in weight of cars and aircraft, the use of
‘uminum products is increasing. Although the aluminum products are characterized by a large
1o of the strength to the weight, the application is still limited owing to a low wear resistance.
'¢ high wear resistance is requisite to machine parts and components. To enhance properties
aluminum alloys, the molecular orbital method of electronic structures has been applied [1].
cn using such a method, the improvement of the wear resistance is not easy.

Since the wear resistance is a surface property, only the surface property is improved, and
~that of the aluminum. For that purpose, the metal lining processes are useful, i.e., the lining
aluminum alloy with a hard metal foil. The plating, PVD, CVD and thermal spraying are
nployed as the lining processes. The wear resistance of aluminum alloys was improved by
persing the silicon-carbide particles to the surface [2] and by mixing PVD with ion
plantation [3]. In addition, the wire explosion spray coating method was utilized for
creasing the wear resistance [4].  The plated parts, however, are unacceptable for the use
“er severe conditions because of a thin plating layer. Although comparatively thick layers are
‘med by the thermal splaying process, the bond strength is not high. On the other hand, the
‘or resistance was improved by plasma transferred arc overlaying process with metal and
«mic powders [5]. However, the hardness of alloyed layer is not high.

If hard metal foils are welded to the surface of the aluminum products, the wear resistance
mproved. Two metals are bonded by applying large pressure and plastic deformation in

ng and extrusion processes [6]. The pressure and plastic deformation break up the oxide
v and contaminants at the interface between the two metals, and new and clean surfaces
whle for the welding are generated. In these processes, however, the welding becomes

“fcult in the case of a large difference between flow stresses of two metals because the
ormation is concentrated at the metal having a small flow stress, particularly the welding of
© foils. The authors have proposed a lining method using shot peening [7]. In this method,
s¢ plastic deformation and pressure generated by the hit of shot are utilized for the welding.‘ .

In the present study, a method for lining aluminum alloy workpieces with hard metal.fOIIs
' shot peening is proposed. The hard metal foils are welded to the surface of aluminum
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alloy workpieces due to plastic deformation caused by the hit of the shot. The bond strenc:
the lining of aluminum alloy A2017 workpieces with hard metal foils is mainly examined

2. LINING METHOD USING SHOT PEENING

2.1 Method of lining

In the shot peening
surface due to the hit of a
utilized for lining aluminum workpieces with hard m
on the workpiece was hit with the shot.
aluminum workpiece is small.

plastic deformation of the

process, a metal workpiece undergoes plastic deformation near
large number of shots at a high speed. This plastic deformatic

etal foils in the present study. The toil -

Since the shot directly collides with the hard metal
Deformation of reactive aluminui

requisite for the welding, and thus the lining of the aluminum workpiece with the hard meta

is not easy.

2.2 Experimental procedures

The hard metal foils of 0.1mm in thickness were welded to aluminum alloy workpic. .
The dimensions of the workpieces and foils used for the experiment are summarized in Tabl
The surface of the workpiece was cleaned with emery papers prior to the shot peening.

- To evaluate the possibility of welding, the point lining using a single shot was pertorn.
Since it is not easy to accurately control the impact speed of the shot and the position of
collision in the actual shot peening machine, the peening apparatus of a single shot shown in |
I was constructed. In the experiment, the foil set on the workpiece was hit with a shot unde

free fall.

A steel shot was attached to the bottom of a steel cylinder in the free fall. By chang
the weight of the cylinder and the fall height, the plastic deformation of the foil and w orkpie

was controlled. The diameter D of the shot is 4mm, the wei

ght of the cylinder is between = -

and 2kg, the impact speed of shot is 4m/s and the processing temperature is from ro

temperature to 500 “C. The experiment was performed in air.

Table 1 Conditions of model experiment of

shot peening.

Base metal A1070, A2017, A5056
Sheet metal Mild steel, Nickel,
(thickness: 0.10mm ) Titanium, SUS304
Shot diameter d /mm | 4

Temperature T/°C R.T. ~ 500

Impact speed / m- s 4

Weight / g 25 ~ 2000
Atmosphere Air
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T T ] chambe-
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Model experiment equipment
of peening using single shot
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The degree of welding is evaluated by tearing the hard metal foil from the workpiece. The
‘earee is classified into the following two categories:
" complete: a piece of the hard metal foil is still welded to the surface of the workpiece after
ine tearing,
2) failed: the hard metal foil is not welded to the workpiece.
I the tearing test, the tensile force was applied in the direction perpendicular to the surface of

ne workpiece.

5. POINT LININGT
3.1 Lining with mild steel foil
The degree of welding between the commercially pure aluminum A1070 workpiece and
11d steel foil is shown in Fig. 2, where the ratio of depth of depression is defined as the depth
*the centre of the depression divided by the diameter of the shot. The ratio of depth of
““pression represents the degree of plastic deformation. The degree of welding is improved by
“creasing the processing temperature, whereas the weldability at 500 'C is low because of the
idation, For the pure aluminum, the complete welding is attained even at room temperature.
The degrees of welding for the aluminum alloys A2017 and A5056 workpieces are
lustrated in Figs 3 and 4. In the temperatures
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The degree of welding for the pure nickel and the stainless steel foils are given in Fig-
and 7, respectively. The nickel and stainless steel foils were welded to the workpiece in
temperatures above 100 °C and 300 “C, respectively. However, the two foils are not weldec
room temperature.

4. POINT LINING USING ALUMINUM INSERT
4.1 Method of lining using aluminum insert

Since it is not easy to control the processing temperature of the workpiece in the ac:
shot peening process, the lining at room temperature is desired. As mentioned in Chapter 3
aluminum alloys are not lined with the mild steel, nickel and stainless steel foils at ro
temperature. To improve the weldability at room temperature for the aluminum alloys, a react:
metal foil is inserted between the hard metal foil and aluminum alloy workpiece in the s
peening. Since the pure aluminum is welded even at room temperature as shown in Fig
commercially pure aluminum foil of 0.02mm in thickness is employed as the metal insert
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4.2 Lining with hard metal foil using aluminum insert
The degree of welding between the aluminum alloy A2017 workpiece and mild steel foil

cven

sing the pure aluminum insert is shown in Fig. 8. In comparison with the lining without the
sert shown in Fig. 3, the degree of welding increases, and the complete welding is attained

at room temperature. The SEM photograph of the surface of the welded A2017 workpiece

welded to the surface after the tearing.
The degree of welding between the aluminum alloy A5056 workpiece and mild steel foil

ng the insert is shown in Fig. 10.
orkpiece even at room temperature.

o

assion

atio of depth of dept

=)
[

ing the insert at room temperature after the tearing test is given in Fig. 9. The foil is still

Using the insert, the hard metal foil is welded to the

The degrees of welding for the nickel and the stainless steel foils using the insert are
own in Figs. 11 and 12, respectively. In comparison with the lining without the insert (see
6 and 7), the degrees of welding increase, and the complete welding is attained even at
20m temperature. ‘

9 SEM photograph of surface of
welded A2017 workpiece using
insert at room temperature after
tearing test.

30
O complete
25 - x failed
O
20 |-
X
®) O
15t X g o
X
| O
0 X % &
r X o)
e B
g B
0 1 1 I L 1
0 100 200 300 400 500 600

Temperature T/ °C

11 Degree of welding between A2017
workpiece and nickel foil using
insert.

30
N O complete

< 5 X failed

S . ©

o 20 O

N

) O

— O O

sk X O

= x OX

o X O 9) O

- 10+

g Xx© o X

T 5 Q X

‘G

S 0 1 I 1 L L

& "o 100 200 300 400 500 600

Temperature T/ °C

Fig. 10 Degree of welding between A5056
workpiece and mild steel foil using

insert.

30
X o @) co_mplete
~ 251 @) x failed
& o x

(2]

§20.><

oy
o 15 X Q
et

- X
L
£ 101

o> o}
©
5 5f 8 @]
92
T o0 I 1 1 ] 1 o
X 0 700 200 300 400 500 60

Temperature T/ °C

Fig. 12 Degree of welding between A2017
workpiece and SUS304 foil using

insert.




1740 Proceedings of ICAA-6 (1998)

4.3 Effect of shot size

In the present experiment, the size of
the shot is considerably large in comparison
with the actual process. To examine the
effect of the shot size on the degree of
welding, the lining of the aluminum alloy
A2017 workpiece with the mild steel foil
was performed at room temperature. The
variation of critical ratio of depth of
depression with the ratio of the diameter of
the shot to the thickness of the hard metal
foil, d/t, is given in Fig. 13. As di 5 30 20 50 80
increases, the critical ratio decreases. This Ratio of shot diameter to
is due to the increase in plastic deformation foil thickness . d/t
near the surface of the aluminum workpiece
with the increase in the diameter of the
shot,

30

20

0 Il Il

Critical ratio of depth of depression / %

Fig. 13 Variation of critical ratio of depth
depression with ratio of shot
diameter to foil thickness for A2¢
workpiece and mild steel foil at
room temperature using insert.

5. CONCLUSIONS

To improve the wear resistance for the aluminum products, a lining method with b
metal foils using shot peening was proposed. The hard metal foil was welded to the surface -
the aluminum alloy workpiece due to plastic deformation generated by the hit of the shots
weldability was examined from the experiment using a single shot. The hard metal foils w¢
welded to the pure aluminum workpieces, whereas the welding to the aluminum alloy workpiec:
at room temperature was not accomplished. To improve the weldability of the aluminum allc
at room temperature, a pure aluminum foil was inserted between the hard metal foil 2
aluminum alloy workpiece. The present method using the shot peening is effective in improv: -
the surface properties of the aluminum products.

REFERENCES

(1] M. Morinaga and S. Kamado, An electronic approach to the prediction of the mechanic
properties of aluminium alloys, Modelling Simul. Mater. Sci. Eng., 1(1993), 151-164

(2] A E. Ostermann, Experiences with nickel-silicon-carbide coatings in cylinder bores of s
aluminum engines, Society of Automotive Engineers, No.790843, (1979), 1-8.

(3] N. Asahi, M. Haginoya, T. Satou and 1. Hashimoto, Study of surface modification of ste-
Al alloy by iron implantation technique, J. of the Metal Finishing Society, 38-8 (1987
329-333.

[4] H. Ito, H. Fukunaga, Y. Otsuki and H. Matsumoto, Application for aluminum alloy inte
combustion engine cylinder, 8th Int. Thermal Spraying Conf, USA, (1976), 38-44.

[5] K. Nakata, T. Hashimoto and F. Matsuda, Surface hardening of aluminum alloy by P
overlaying process, 1st Int. Conf. on Processing Materials for Properties, TMS. (19
1089-1092.

(6] S. Kalpakjian, Manufacturing Processes for Engineering Materials, Addison-\Wes<
Publishing Company, New York, (1991), 760-766.

(7] Y. Harada, K. Mori and S. Maki, Lining of metal plates with foils using hot shot peen
J. Materials Processing Tech., (1998), in press.



