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Improvement of Wear Resistance of Al Alloys with Laser Surface Modification
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Aluminum alloys have been used in a variety of
automotive parts to replace steel and iron and have contributed
to weight reduction of automobiles. However, its wear
resistance is inferior to that of steel or iron, and there are no
aluminum surface treatment processes to eliminate this
problem. Thus the laser surface modification was applied to
the aluminum alloys surface to enhance their characteristics,
thereby achieving improved wear resistance for the materials
that otherwise cannot withstand the sliding loads arising from
high radial and sliding shear stresses.

It was found that the new surface microstructure, which
has been produced by superficial melting of the aluminum
alloys surface and alloying Ni and Ta, consisted of fine Al;Ni
and AL;Ni, matrices in which Al,;Ta particles precipitated as
the reaction products.

The new surfaces showed sufficient hardness and
thickness, at Hv 600 and 0.8 mm respectively. The high wear
resistance of this surface was demonstrated by a cam-rocker
arm simulation test.
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Table 1 Chemical composition of the
A5052P substrate (mass %)

AS5052P

Si Fe Cu Mn Mg C Zn Al

0.08 0.3 .024 .002 278 .21 .003 bal

Table 2  Alloying powders used in experiments

substrate alloying powder

Si Ti V Cr Mn Fe Co Ni Cu Zn
Zr Nb Mo Ta W Sn Pb Bi

AS5052P

‘ owder
modified surface layer

Shrg,,
dj ‘| molten pool
M
i L

Al alloy substrate

[

Fig. 1 Schematic diagram of the laser
surface modification

maximum load = 3000 N
sliding speed = 11.2 m/sec
oil (10W30)=11 mm? /min

laser modified
surface

carburized steel disk

Fig. 2 Chip-on-disk type sliding test method

P(S i Joud) maximum stress . 668 MPa
pring (Pv value : 568 MPa - m/s)

lub. 0il(10W30) © 200 mm? /min
rotating speed . 500 rpm

Laser modified surface

steel cam shaft
(carburized)

Fig. 3 Cam-rockerarm simulating test method
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Fig. 4 Effect of the Ni concentration on the hardness
and the obtained phases of the alloyed surface
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Fig. 5 Effect of the Cu concentration on the hardness
and the obtained phases of the alloyed surface
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Fig. 6 Diamond pyramid hardness indentation
(DPHI) value of the alloyed surfaces
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Fig. 7 Microstructure of Cr alloyed surface (OM)
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Fig. 8 Effect of the secondary alloying elements
on the DPHI value of the modified surface

(@) _ 750

= EF e

ROBMERAT B—FNILETH2EBEHE LT
FHPRM O 20 Tl & BAEREFEOE 2 > 72 Ni &
B, NiBREFERFIZCE 2 LROMKREM/GTZ L0
S HETHRABBILRDOZA I ) ==V 7 &fT -7,

Fig. 8 {22 DFERO—E %R, MR OM M %
FEBIZ VRN U 22 B R O AR RA S AR 3, K
SHS LS5 Nb, Ta, W, Mo &\ o =Rl H
SR ORIRFTRING & 0 BB R 0 824584 IR AT E A3 1) 1
THEZENbD ol ZOMFIZELIZ Ta, Nb T
FHTH o7, Fig. 913 Ni OHHRM (a) & Ni, Taldl
REAIT (D) 12 &k 0135 h =S tEimo, SEMIZk
KHET (BSE)§42mR L7280 TH5. Ta % i
TIN U 72558 0 MAE Ni AR O Z hiz b TH A
MM TH . (b)DBSERTHBIWIKEAIZRZ 3
ALNi ERRBEWKED ALNL, &2 5K X5~ b

800

600

400 4

al]oy.'ing sﬁrface%—‘-"
200 H H H : :

Hardness (HV)

- 0.5 0 0.5 1.0
Depth  (mm)

Fig. 10 The microhardness depth profile in a
cross-section of the Ni-Ta alloyed surface
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Fig. 9 BSE image of Ni alloyed surface(a) and Ni-Ta alloyed surface(b)
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Fig. 11 Qualitative analysis map of the Cu-Sn alloyed surface by EPMA
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Table 3 Chemical composition of the Ni-Ta
alloyed surface
elements Ni Ta Mg Al
mass% 39.5 11.5 <1.0 bal.
phases Al3Ni2 Al3Ta Al3Ni
vol.% 45 =10 205 Bal.

Table 4 Typical laser processing parameters

laser power : SkW (CW)

beam diameter : ¢ 2.0-2.5 mm
beam oscillate width: 5 mm

travers speed: 250 mm/min

alloying powder : Ni, Ta
powder feed rate : Ni=15.0 g/min
Ta= 5.0 g/min

shrouding gas: He 2x10%ent /min
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Fig. 12 The effect of the alloying elements on the laser modified surface
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Fig. 13 Results of chip on disk sliding tests
for Ni-Ta alloyed surface
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Fig. 14 Results of cam-rockerarm simulation
tests for Ni-Ta alloyed surface
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