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Abstract

It was attempted to improve wear resistance and durability under the load surface pressure that
make a formation of the thick (mm-order) hard-surfacing layer for aluminum alloy of 5083.

The thick hard layers were formed on the surface of 5083 by TIG overlay method. Al-(25. 4,
33.6, 45.7 mass%) Cu filler metals which were newly developed were overlaid on two base
metals forming the one bead, one layer and two layers;

The investigation was made on the characteristics of hardening and wear resistance in relation
to the microstructure of overlaid layers with selection of optimum overlaying condition.
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Table 1 Mechanical properties and chemical
compositions of base metal, Al 5083

a) Mechanical properties

Material T.S(kg/m) | Y.S(kg/mn) EL(%)

5083 H312 35 27 15

(T.S : Tensile strength, Y.S : Yield strength,
EL : Elongation)

b) Chemical compositions

Si Fe | Cu | Mnj Mg | Cr | Zn Ti Al

0.35{0.27(0.07]0.02 14.55|0.130.66 | 0.01 { Bal.

2.1.2 Overlay & €7}

B9 overlay B85S 471 93 ALE-g &71A)
(filler metal) &= OCC (Ohno Continuous Casting) X
Z Az o d&FFEE HT RS A-Cu
FHo2A Cu BP0l NE d& X 7S
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Photo. 1 Microstructure of base metal, Al 5083
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Table 2. Cu content and hardness of Al-Cu filler

metals
Cu content Hardness, Hv
Item .
(mass %) (Load : 9.8N)
25Cu 25.4 185
34Cu 33.6 255
46Cu 45.7 300
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Photo. 2 Microstructure of Al-Cu filler metals
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Table 3. Welding condition for TIG overlay

Type AC
1st layer 175A
Current
2nd layer 200A
Voltage 20-22V
Shielding gas 100% Ar, 20 1/min
Welding speed 200 mm/min
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Photo. 6 Cross-section of 2 layer overlay

Photo. 7 Microstructure of 1 bead layer on Al 5083
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Photo. 10 Microsturcture of 2 layer overlay on Al
5083 with 34Cu filler metal
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Photo. 12 SEM microstructure and phase of 1 bead
overlay on Al 5083.
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Fig. 1 X-ray diffraction patterns of layers on Al 5083
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Fig. 2 Hardness distribution in cross-section of overlaid layers on Al 5083

99

Journal of KWS, Vol. 15, No. 2, February, 1997



stzo)y gFel ERAse] B AT - Al 5083 e TIG Overlay 7 8 - 145

Al 5083, GTAW, 200 mm/min
T T T T T T T T T
I
i _D/\G\/CK/—\\D/D |
z k
- .
3 '
he)
§ 2
T 2004 —
£ 0
e
4 g
3 t T n
§ -
£ Remeiting zone
100— R —
| Mark | item
:C' . 256; Measured kne
- s mcu =
O 46Cu
1 I 1 I 1 1 ! 1 1
02 3 a4 5 6 7 8 9

Distance trom center of weld metal (mm)

Fig. 4 Hardness distribution of transverse direction
of 1 layers cross-section on Al 5083

L Yo SRz vy =37 W3le 93}
olztu Azbgth,

FH 1% overlaydll A @& A= 3E& vl
34Cus] A9 <A Qe 4] & vj=9 W
WEo 2 ARg ZPWUE o Az} 2 ol st
£ A& EW B AdAM AE At 99 3
Mol d& Cu FHFY Fad ANSE B9
Ttk FH SY% n=gA 54 Ee e
Cu gHf-3o] Zadta oo what A7) Aslele
A4S &% vl gk

3.3.2 Cut@ Axe A

Fig. 5% overlay29l Cu &% Ax 9 @4
£ Al-Cu o|99A B Aefe? 9} vl wale] At
Ro|t},

ARE3 271A 9] Cu gf 2ol ¥ 3t overlay
9] Cu #frao] WA vtz glon o9 3
AR &7t R G A Yebdd, Cu#e ZAae
(1) ZAete] 3] Hof 93 gt&, (2) TIG of2Z 9
& Cu 949 24 Fol 93 Aoz Azgn

KBESREEEE 158 H1K. 19974 28

Al 5083, GTAW, 200 mm/min
W—T—T T T T T T T ] T T
Mark | Type
L | O |1 Bead | 4
a1 Layer
oo |_O_| 2 Layer | ] .
o
] @ Filler metal ° EP‘; |
o
0 ; —]

e o8 /,:,-e*e

Structure of overlaid layer

Hardness, Hv {Load 98 N)
I

8

[ 5083
From Al-Cu binary phase diagram
- Al ,[} £ 0 »a-
a+E I, B+E I 8+mp \
A U TN N N BT :1 [
0 10 20 0 40 50 80 70

Cu content (mass %)

Fig. 5 Relation between Cu content and hardness in
overlaid layers on Al 5083

Overlay%-9] Cu 32 Al-Cu ol 94 HY4
Bt Hlud W 1 2He o} FAHZA (eAI+HE)
SZRE AFHRAG+E N X Jehgde 2
T St

229 FHAA FE F7HE AHEgE 2
A3 oM E FAXAY FU12, FAHAA o
A= 039 F7t2 B=7t 3718 S ¢ + At
2 AFNAN A2 A CuFH A=Y #AE
AHEYE B dFA d& AsE9 Cu &
W99 25-40mass% ol A Mo 2 el

Overlay3-¢] CuZa =8 &7HA49) g3} v
3 Aatd A#4E B, w9 v=9 F9HY 2
%, 2% overlayd W9t 87Ae] Cu &30 B
ofdE 1 Aol AAL UL E B 5 ok
o] A&t AL 3.3. 1014 Aed upel o] Cu
o] a9t AEArtolZol og A3tz H9d 5 9l
on, Cu@] iy B ote] 343 TIG o} A
3 Cu 29 A%H &0 By oz 484
7] W@ oz Azha

wtr] gl H=e) AXE J)FeE %
o Axg AY dE3cdE £A7 o
overlay®] A& 2%9] 299} 11 Aol7t 5

%, 2
gz
% ©]

£ oy of

100



146

2 Yyelya 9le] 2% overlay A= 32
oA vl F&sHA &8 5 duin
Aol FHAE 9] MIG/TIG EZ 4
o 7)Ee] AIHHINGo) @) =) Yol
ghElo] &8 udE o o) 3 A7 §84
Hs a2ty & 5 Uk

38 339 $hR o= Ao AES
Huw g o Cu &FFol B&FE 11 A& 4
fHo2 AXE d4E veElxz Utk oA
Cu 949 H|Fo] Al Y40l H]s] AX EF XA
BEEGE $EFY 1 SREeR 2o ¥
Al EX37] ol AEQ HE EHZ Wi
N AE7}t dolXE Ao H7ech =oly %
g 9ol g ol &8 HaEg AN FH 5
= Cus| MFo] Fo} 3% TRAgo] gE §
FAAM olAZoE PFHol nE dwel 53
ol Cu BN S JdoAthn Hud v Yot

&8
Eis

o]

ol

e

ot > o
%

o A oo

3.4 Overlay Z&t&e| JoldN

Fig. 64 & vld3lEE& 98N, vEAgE

100m, u}.%—i\— = 4m/sec§ 6‘}‘%% EH, overlay%
x10° | Al 5083, GTAW, 200 mm/min

5 Rotor : STD 11 (Hv400) | |

r Load : 98 N h

5 Sliding distance : 100m |~

L Sliding speed : 4m/s i

Ws (mm”¥ Nm)

3h -
5 o i
S
:‘C:) - -
S
2 .
U) -
0 aase ZSCulSACulAGCu 2scu|34(:u|45cU 250u|340u|460u
(me“mjl 1 Bead 1 Layer 2 Layer

Fig. 6 Comparison of specific wear base metal and
overlaid layers on Al 5083

101

FuiE - Eu8h - FRT

o] H]ulH g (specific wear, Ws) & T3t 24 Al
50832} H]wEt T Overlaydo) WseE ZAjol )
& 1/2-1/4 #F 2.2 ol nld o] A5
A = Aot

ZA e} vlopbd o] #A = Fig, 73 Zo] veh
al 31tk Hv 20074x]= 28] w]epd go] ghAas}
3 ol FE o A UL E B & ok
EAHQ WrtEA 9] AHE A= overlayZ 9
AEE Hv 200 o]0 & §x|5t= Ao 22%L

& % glnk.

X10* [o 5083, GTAW, 200 mmvimin
al- T l T l T [ |
L
L |Mak | _Type 1
7 O} 1Bead . |
A 1 Layer . i
] O 2Layer !
£ - o | Base mel
zZ r e | (A 5083)
% . \ -
£ \
= L \ |
= AN
4 \\ —
3 ‘ -
r \
3 \\ ]
. \ -
A 4
b .
. I . | \ ]
0 100 200 300

Mardness, Hv (Load 9.8 N)

Fig. 7 Relation between hardness and specific wear
of overlaid layers on Al 5083

4. 2 B

AT AlA AR Xdd st Bgtst
W= oA 9 Wintd A 9 W7Ad S
Fore) g3 YA S olF
A8 Al g 5083& ZAR st TIG £4H-E o

o Cu $frFo) 27] T 339 AI-Cu &2
L7102 £9 335 overlay st 1
overlay2 & AZzA) A7 A 2 A

]

o
K omo oL St (o mo rfe

3
9
&
3
2]

Journal of KWS, Vol. 15, No. 2, February, 1997



g 2ug 59 THA st T A+~ Al 508390 & TIG Overlay A 3} - 147

of

& HE

i
08‘.'

o off

e 24, 4%, A% 54
ol g3} 2o AES

(1) TIG overlay& ©]-&3 Al-Cu &35
A= Al FF 50839) Erﬂoﬂ Fote) Aa3E 2
3 AN & ASE gt

(2) Cu &9Fo] 24z} 25.4, 33.6, 45.7mass%
A EHAE AHEE Al 50839141 & Hv 180-288<)
BAEE QUYL AEE 4859 Cu FHFH A
AF ez vHstdct. A9 St 33A o8
AME FHxEZ s TA4H oM E 99
F7tell o &35}

(3) @ = v 22, 2Z overlayd A%
gtol WA vehdth, o 99L& 1, 22 overlay 3
T, ZAE3E AEALe)Fol A% Aslel otz
A& Cuzel &4 7|98 Aoz YHwL) o
H u= FHFAAME AEFol 98 239 e
7} dastats A 27 A sskdo

(4) 87FA1) Cu &o] BEFE overlay B9
9 AE Adtgo] T 91 2 9492 &84
W Al Cu ¥l 59 2tel2 A% FHR Cu B¥
7h AR o2 FolH | e Azt

(5) Overlay Z3l&d A& FAL 8719
Cu &30l 45. Tmass% Y gt DA F2
22 v = FHFANA #FHUAT. FE 4
2 aAIF} 049 §uFEE lolo 7193 Ao
A zhe o,

6) Batzo] vimtdFe "A 9 1/2-1/471X
#FAsom Cudol F7MEFE A8 AR
o ovlelE g Axe FAZE A o Yol
8] EFAHQ AAE HME B d79 2714
A= Hv 200 o] AFe) A X7} 9B 8 s},

F 7|
"ol mER 195EE ¥ EAG FR
A Av]oll ofste] AH AL
1 & 9

L ARER, VT O BIELARRE, BA

REBEELGE £158 BIK, 19974 28

10.

11.

12,

13.

14.

15.

16.

BERBERE,
988~994

Vol. 41, No. 10, 1971, pp.

. BRE— 2N, S TRTrAH-NLFR

RN & B BE{L A A %,
1989. 1, pp. 129~134
FRIER SP2A, EEEEMEHC & 5 REEL

B A S RO,

M, HAGBRSEE,  Vol.5l, No.2,
1982, pp. 129~134

LUK S A, REM AR EERMN, AR
BRESEEE, Vol.41, No.10, 1971, opp.
958 ~972

ZREZ, Bk HEhEmELARERE, A
ABEHEEEEE, Vol.41, No.10, 1971, pp.
978~988

(BF) & AEHZEBRR 2> 2 - JRCM), T
VI =T ARED ) A - - AR E RS
#, 1989. 3

MHEIBA, TV AKEEEELEMGOB
ML TTEEYE, BHAE4E, Vol 40, No. 107,
1990, pp. 746~752

Wik= 1A, TLHIi=7LnEHERE, H
I EE, Vol 40, No.6, 1990, pp. 460~
483

R. S. Zuchowski et al.,
in plasma arc weld surfacing,
Journal, 1964. 1, pp. 13~26
Ao, ST X7k AEBOER, BE
wHeRU, 1974, 10, pp. 75~78

FHF, FBGE, MHEEA, PH—E, 73
=7 LREADCrfc NI B Db & 2 0k

New developments
Welding

%, HAGRLG2BAEHRE (B475H),

1990, pp. 238-239

dEmIESL,  #HALIC & 2 e B B5E,
HAEBEE®,, vol. 17, No. 12, 1987, pp.
956~ 958

FHE, AEBEXEBILOTEEEICONT
JRCM, 1988. 11

TR SN, AEHRICB T 2 b
INTICRI 2 45F, JRCM, 1988. 8
FAKER SMA, 7T XRBAREEIC L
SARE~DHALH R UNICuEBIC L 218
BALIZRR 2 HH7E, JRCM&EHE, 1989, 12
MHEEA SN, 7T-712L 501 EEB(E

102



148

17.

18.

19.

20.

21.

22

23.

103

D kAT, JRCM, 1990. 4

BHBA A, v FEEIEEIC L 2AIFE
ks OReaT, JRCM, 1990. 12

TR, FUEE, HEEA, PH—IE, PTA
BieRg o8 AeEe W{LEERSE
o, KEZESLEGETLMPRINESE,
1991, pp. 88~90

TR, TGS, MRHEBA, FH—E, 75X
HRBABICLEZTILI = LEEDNHLE
KesglboR (B1#), BARABESBEE
Vol. 17, No. 4, 1991.

FHT, TR, MEBA, YHE—H, 77X
RBARKICL ST I = L840l
EEaS bRk (B28), BABRSERE
Vol. 17, No. 4, 1991.

EREZ, TLI=7L880TIGT -7 ki
EICLDAELICHT 2R, H&PTHE
R, 1990

SHRFHE N3N, Al-CuB &0 7 + 7inEEo i
mMOBREEINEL, BEBERE, Vol
27. Mo, 12, 1989.
Y kunbe et al,
surfaci ~

Gas metal arc welding for
Juminum alloys with Al-Cucored

wirem 1st Report Seufacing aluminum

24,

25,

26.

27,

28.

29,

30.

3L

T - EFE - FHRT

alloy, welding Int., Vol. 7(6),
449~455

MAHIBA, REWHBMORE SHRE, BE
UM, 1988, 7. pp. 58~65

MHBEA, TEEFEMHEoBHEHS{Ls ) -7,%
btk 720T, HARBHEEHE, Vol
56, No.3, 1987, pp. 6

AWS, Welding Handbook (7 Edition), Vol. 4,
pp. 316~386

o] d&, feut 2927} Overlay 3
5-9] Disbonding®ll &3 A (1), He&H
& 3%, 19 A|23, 1983, pp. 44~52
Tsujimura

1993, pp.

and Uemura, Investigation of

surface modification of aluminium by
combined TIG/MIG welding process, Trans
Jpn Weld Soc., Vol. 49(9), 1991

Shibata at el, Overlay welding of Al-Cu
alloy on aluminum by AC PTA, Trans. Tpn
Weld Soc., Vol.46(4), 1990, pp. 132~133
Tomita at el, Overlay welding of Al-Cu alloy
by TIG welding, Surface Modification
Technology Research Committe, (10)., 1990
WEWEE, T3 =7 L8 EHH, 1991,
pp. 256~272, pp. 278~294

Journal of KWS, Vol. 15, No. 2, February, 1997



