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Abstract

Effect of Si metal powders addition with the plasma transferred arc (PTA) overlaying process on cha-
racteristics of the alloyed layer in aluminum alloy(A5083) has been investigated. The overlaying conditions
were 175-250A in plasma arc current, 500mm/min in travel speed, and 5-20g/min in powder feeding rate.

Main results obtained are summarized as follows.

1) Sufficient size of molten pool on surface of base matal was requried for forming an alloyed layer ;
in a fixed travel, the formation of alloyed layer with clear and beautiful surface depend upon the plasma
arc current and powder feeding rate ; the greater plasma arc current and the smaller powder feeding rate
were, the better bead was formed. Optimum alloyed conditions by which an execellent alloyed bead obtained
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was 225A in plasma arc current. PTA process made it possible to form an alloyed layer with up to 67wt%

Si.

2) Microstructure in the alloyed layer was in accord with prediction from the Al-Si phase diagram

3) The hardness of the alloved laver increased in proportion to Si content.

4) As volume fraction of primary Si increased, the specific wearness of the alloyed layer was significantly
improved. However, no further improvement was found when the volume fraction was greater than about

30%.

5) Utilizing the PTA process, a crack free alloyed layer with maximum hardness of about Hv 310 could

be obtained.
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Table 1 Chemical composition of base metal

Material Chemical composition(wt% )
ae Si Fe Cu Mn Mg Cr Zn Ti Al
A5083 0.30 023 009 047 415 0.16 0.19 001 Bal
Table 2 Physical properties of powder used
Material Density Melting poing Boiling point Heat expansion coefficient
(g/ert) (V) () (') 20-100C
Si 233 1410 2680 28—73X10°
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Powder Size(um) Morphology of powder(SEM)
Si 60—150
Fig 1 Grain size and shape of powder used
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Plasma arc
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Fig 2 Schematic illustration of PTA overlaying process

Table 3 Overlaying condition used in this experiment

Plasma Powder Travel
arc feeding speed He gas (1/min)
current rate (mmy/min)
(A) (9/min)
Powder Shielding
175 Pilot gas carrier gas
gas
200
5—20 500
225 2 2 45
250
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Fig.3 Schematic illustration of wear testing

3. WEER X TR

3.1 E&itiEel vi= SR

]

Figae Zebav} oba AFE 175~2504, MK S
BS 5~20gmin2 H3AZ A$ Skl Qg &
&1t beadd] 4TS ER ZHolt), Fepawt ofa
AFel Z7kel o wizo tEE wA HE Akl
AAth A F7} 17549 200A2) A Foll A= iRk <]
Aol RE&sta] pE Y Mgt E A ol Siel M
BEe) ¥4=dch o A%, A5 15, 20g/mincl 4 2]
RS fA we =k 1, Zelkaet ola A
Fol Zulol wabd gHd v Ko &&LEo
dolH

Figse Stk vl= KA Eoel vxe Stz
o}= MFot MkiHsE ] BAE Yehd Aol v|=
NS MERMERS fFo FREEY HEo et

89



78 FREGE - BHEHS - R - EREA

A5083 5 12mmt, Si(60-150um), Travel speed 500mm/min, DCEN —He
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Fig4 General appearance of Si alloyed bead surface
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Fig. 5 Combined effect of plasma arc current and Flg‘7(A)’ (B), (C), & (D) = Fhxv} ofd A
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Fig. 6 Combined effect of plasma arc current and powder feeding rate on macrostructure of crossection

of Si alloyed layer
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Fig. 7 Relation between microstructure change and hardness of Si alloyed layers of different powder
feeding rate. (plasma arc current : 225A, powder feeding rate : 59/min(A), 109/min(B), 159/min{C)"

and 209/min(D)
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Aoln s 2t Bub0-150.m . Trave! speed 500mm:min, DCEN-He Plasma arc current 225A

Powder feeding rate (g'min)

Top zone

| Madie zone

N PR, AL d

Microstructure of Si alloyed layer at different powder feeding rate

Fig. 8

L -
43 20 ,/Y/
-
v
//
e
20w,
311
w P w Cwe
Weight Percent i

AL-8i Phase

Fig. 9 SEM microstructure and mean Si content 10.39wt % (b), 2033wt % (c), 4020wt % (d) and 66.66wt % (e) of Si
alloyed layer showing relationship between Al-Si phase diagram and phase formed (Al Al+Si and Si)
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(¢) 159/min{(Si : 40.20%) (d) 209/min(Si : 66.66% )
Fig. 10 Characteristics X-ray image of alloyed layer(Plasma arc current : 225A, powder feeding rate : 159/min)
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Fig. 11 Relation between volume fraction primary Si 0] 2-& iRl 3vol.% <} B Sivh B Ue

and Si content of alloyed layer FYe @gol A Aoyt A 121, B
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AS5083;12mmt,Si(60-15051m),225A, 500mm/min
T T T Y T
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Fig. 12 Hardness distribution on crossection of Si

alloyed layers at different powder feeding rate
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Fig. 13 Relation between hardness and Si content of

alloyed layer
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Fig. 14 Relation between hardness and volume

fraction primary Si
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Fig. 15 Relation between specific wear of Si alloyed

layer and volume fraction of primary Si
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