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Friction Stir Processing Technology and Its Application for Cast Magnesium Alloy
Zou Wenbing, Zhang Xuliang, Pan Long, Li Meng
[ Xinjiang Technology (Jiangsu) Co., Ltd.]

Abstract: Aiming at the low qualification rate of defect repair for magnesium alloy cabin castings, a method of u-
sing Friction Stir Processing(FSP) to achieve defect repair was proposed. Firstly, ZM5 alloy test plates were used
to investigate the effects of different processes, such as single pass FSP, multi pass FSP, and TIG filler+ multi
pass friction stir processing, on the microstructure and mechanical properties. The results reveal that for the thin-
walled defect parts of the cabin with a wall thickness of 10 mm, taking process parameters such as needle length
of 8 mm, rotational speed of 600 r/min, forward speed of 80 mm/min, downward pressure of 1.0 to 1.5 mm, and
extraction distance of 100 mm, the grains in the FSP repair area are refined from 120~160 pm to 10~30 pm, im-
proving mechanical properties significantly. The defect of a certain type of magnesium alloy cabin castings was re-
paired using the TIG filler + multi-pass FSP method, and the non-destructive testing was qualified. The tensile
strength of the sectioned specimen at the repaired part reaches 260.2 MPa, and the elongation reaches 9.8%.
Key Words: ZM5 Magnesium Alloy, Friction Stir Processing (FSP), Defect Repair
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Fig.1 Flow chart of casting defect repair process
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Fig.2 Schematic diagram of repair tooling for cabin friction

stir processing defects
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Fig.3 Flow chart of digital control program
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Multi-pass FSP tight welding test rod
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Tab.1 Mechanical properties of base metal in zone A

jEw B LR B/ i IR 3 3/ g/ 7 24
R MPa MPa % (AN
A, 221 117 2.5 ENEN
A, 198 121 3 ENES
A, 215 107 3 ENS
A, 205 123 3 LN
As 210 120 3 NS
Ag 206 100 3.5 PN
A 209 115 3 -

2 BER FSP N TR H M ae K& R

Tab.2 Mechanical properties of single pass FSP processing area

jEws B A / i R 3 i/ g/ 7 24
42 MPa MPa % o
B, 210 108 3 NS
B, 208 112 3.5 PN
B 215 107 4.5 ENS
B, 210 108 3 LN
B; 195 115 3.5 ENN
Bs 205 114 4.5 ENEN
B 207 110 3.6 —

2.2 ZiER FSP iR A EHEEEMNKE S5
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Tab.3 Mechanical properties of base metal area in zone A
(RN HUhr iR/ Jit IR/ R/ 7 24
%5 MPa MPa % o7 B
C, 210 109 4 Ak
C, 216 110 1.5 PN
Cs 198 105 5 EXIN
C, 205 108 5 Ak
Cs 226 116 4.5 PN
Cs 220 109 1 FNIN

C 212.2 109.5 4.5 —
F4 ZEFSPEHIERR FSP R (D R ) F ik &R

Tab.4 Mechanical properties of FSP area of multi-pass

FSP tight welding test

e PUhL o/ Jet Al 58 B2 / R/ LIES
%5 MPa MPa % fir
D, 288 117 16 FSP X
D, 276 117 18.5 FSP X
D; 273 111 14 FSP X
D, 297 112 15 FSP X
D; 276 113 11 FSP X
Dy 284 119 14.5 FSP X
D 282 115 14.8 —
2.3 TIG 124 #+FSP AR 14 48 T3k 55 43 47

Kl 6 9 TIG+FSP 5 #-F ks . E Xl ZM5

200 Th ARAAE
1A AL 'r\a;ffl;

B X F X AHIEE T TIG+HFSP JE 4 a5 BURE 7 X
JE i (TIG 2 58 29 & 20 mm. FSP &b ¥ X 3 55
50 mm) ,FSP 7 X 36 TIG %X, H 1 2# P RE 45 5 I
5 KF 6, H& 6d FE 6e AJH TIG+FSP & 4 4k
P X PR T 11 A SURHE 5 40 FSP % HEIE X — 3.
72 5 AL, ZM5-T4 BER (1 F- ¥ fihi 38 B 2 205.5 MPa,
-S4 S R SR B S 112.8 MPa, P ¥ i R 4.3% 5 TIG
+FSP iR A B IX B ¥ P P B 4 273.6 MPa, 3F- 2
IR 5 FE Sy 124.3 MPa, B 2k 8% & G Ab FRIX (1)
PUHLSR B N B Y 133.1% o J Al 3 o0 . 110.2% ,
KNI 186 % . B FEEM . X FSPIREER)
FEAETE B T TIGHR B2 1 R RS2, I 8 & s 4k T BE#F
®5 BHEE(E RX)RHENRER

Tab.5 Mechanical properties of base metal area in zone A

jEw s B LR / i JIR 3 J3E / ik %/ 7 ¢
iR MPa MPa % (A
E, 216 114 5.0 NS
E, 207 113 3.5 AR
E; 208 129 5.5 ENS
E, 194 108 3.0 LN
E; 187 114 3.0 NS
Es 221 99 5.5 ENEN
E 205.5 112.8 4.3 -
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Fig.6 Drawing rod of TIG+FSP composite welding test plate
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Tab.6 Mechanical properties of treatment area of

TIG+ FSP compound treatment test panel

R P s g/ et M 5tk B / i3/ W7 4
%5 MPa MPa % i
Fy 276 121 8.5 HELFX
F» 279 122 8.0 HAE X
Fi 278 133 9.0 BELIX
F, 284 116 8.0 HEMFX
Fs 267 124 7.5 AKX
Fs 258 130 7.0 B ELIX
r 273.6 124.3 8.0 —
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Fig.7 Cross-section microstucture of FSP welding joint
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Fig.8 Microstructure of zone 1
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Fig.9 Microstructure of zone 2
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Fig.11 Schematic diagram of sampling direction for tensile
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Tab.7 Mechanical properties of magnesium alloy cabin castings

ot R Prhrsm iz / Jit AR 5 2 / R/
95 MPa MPa %
1 17-301X-1 280 124 12.5
2 17-301X-2 300 130 12.5
3 18-411-1 277 104 10.5
4 18-411-2 229 114 6.5
5 18-411-3 267 118 9.5
6 18-330-1 264 102 10.0
7 18-330-3 214 105 6.0
8 18-330-4 254 88 10.5
9 18-330-5 257 100 10.0
5 AR AR A AR o R A =167 - =2.5
FIE 9 D 260.2 109.4 9.8

(a) FH# R (b) FSP & /14 £ K
A 13 RF R EMELET

Fig.13  Microstructure of cabin at different zones
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