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Study on the microstructure and mechanical properties of the automot-
ive titanium alloy based on friction stir processing
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Abstract: In this investigation, the friction stir processing (FSP) method was used to modify the sur-
face layer of an as-cast TiSLC automotive titanium alloy using different spindle rotation speeds and
travel speeds. In addition, the microstructure and mechanical properties of the alloy samples were tested
and compared. The results show that the internal grains of the alloy are refined, and the uniformity of
microstructure distribution and the mechanical properties are improved after FSP modification. When
the shoulder depression is 0.2 mm, and the spindle inclination angle is 2.5°, the spindle rotation speed
increases from 200 r/min to 400 r/min or travel speed from 30 mm/s to 90 mm/s. Meanwhile, the grains
of FSP alloy samples are refined first and then coarsened, and the mechanical properties are improved
first and then decreased. The best mechanical properties of the modified alloy samples can be obtained
with the spindle rotation speed of 300 r/min and the travel speed of 60 mm/s. The tensile strength, yield
strength and elongation are 1 046, 729 MPa and 12.7%, respectively. Compared with the as-cast TiSLC
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automotive titanium alloy, the tensile strength and yield strength of FSP modified alloy samples are in-
creased by 118 MPa and 125 MPa (with a 12.7% and 20.7% amplitude), respectively.

Key words: automotive titanium alloy, Ti8LC, friction stir processing (FSP), microstructure, mechanic-
al property
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Table 1 Chemical composition of the TiSLC alloy specimen %
Al Mo Fe C N H 0 BNEES VS Ti
5.958 2.016 1.492 0.022 0.015 0.011 0.106 <0.150 K
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Table 2 FSP Process parameters of the alloy specimen

BG5S TR/ (r-min” ) AT EEE/(mm-s™) B F i E/mm Fhbfat R/ (°)
FSP1” 200 60 0.2 2.5
FSP2* 300 60 0.2 2.5
FSP3* 400 60 0.2 2.5
FSP4’ 300 30 0.2 25
FSP5* 300 90 0.2 2.5
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Table 3 Ratio of the metallographic corrosion agent mL
IR TR Fok 2B EETK
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Fig. 1 Microstructures of the alloy specimens
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Fig.2 Microstructures of the alloy specimens by FSP with different travel speeds



- 74 - N

2022 45 43 &

22 JitetEne

B4 TiSLC IR G- Al ke (IR M #5530 )
F1 FSP 2V Ti8LC 1R K& A il 1 & il ) 27 bk
REMAZE R A 3 fros . I 3 i LIE H, 55%&
BUREAH EL, FSP el Je ke i pe hir ok B2 e Aok
1SR4, WS A SRR INE LN 224k, FSP
fifi A A RRERY S 2 A PEREAS B kG . RS, DA 3
WA UIE H, ERE X FSP &4l = iR
F12E R B EAT R 60 mmys, Fil
JA T AT 0.2 mm AR B 2.5°%6 T 224
ARG OUT , Bl = e 4% B B2 N 200 r/min 3§ K
£ 400 r/min B, A 4 U AT 8 B A o 5 5
IR BH 1 SR 0 s N ) AR AR, ) P R
WU TR 358/ L PSS 38 5 k0 o 24 =l e 2 e
4 300 r/min i}, & 43R (FSP2 R ) B4 P o
I IR 5 85 8 B e KA, 43 VB AU I R 118,
125 MPa, ¥R/ 91°8 12.7% . 20.7%., LA LLE
th, FSP J2 Ti8LC A4k 41 J) 2 P BE 2 1Y
— P ERORE . RIS I e, U, ] DA
B AR )2 PEREAS 2 B G

1200 13.0
. 800 120 &
£ | o
= ,,/"/’\’ %
b= 600 115 =
= o
400 1.0 =
-o- PLPISRE
200 — JT R 10.5
- WifE R
0 . . 10.0
AR FSPI#RE FSP2HAAE  FSP3#AAE
HailhE

B3 TREHEETEERENFHEMAER
Fig. 3 Tensile properties of the alloy specimens at differ-
ent spindle rotation speeds
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Fig. 4 Tensile properties of the alloy specimens by FSP at
different travel speeds

2.3 frfiir O 4ign

5 TISLC R 44EKA il (IR #5881 )
F1 FSP 2 M Ti8LC ¥4 4 8k & 4 1l AF i o 4 i 11
SEM (HI##i He 7 A% ) ISR A&l 5 s . MAEL 5 W]
PIE H, 585G SR, FSP A 4l 147
W s AN SRR AR, SR IR A
g MeAh, N 4 W] LI Y, 325l e i 2 %+ FSP
A 4 BURE B S T 11 T S50 R BN, AR AT 0
60 mmv/s., BlJE T Mt 0.2 mm F1 3 Hh A} A B 2.5°
ETEBHABIEN T, FHERHEEE 300 t/min
B, A & R R AR W ORS00 s f o A L e
HAE FHIIERE S 200 r/min 1 400 r/min B, &4
RE A T SR I S 25 5 . T A FSP
TEERT BT T2 AR Z AN AR ES LD
SR L A, PRI R RN B R AR
3 WS

FSP(FEFEEESE N T.) &4 Jgm M b et i —Fp
Bkt Bt THE HFER PR i s e I A T,
e PR A8 A ORI B R BB A VR, i 48 AR
BB B, 2E LN & A sl RS b, NI (A
P2 TISLC YRRk A A il kE TR LR ks & A
TR, PR i, 19 BAH /N Al TR LAk, BT ARt
PIEB I S 37 B8, AR5 A A AR A 1 LI 45
BRBETS BT AN, I ARAT SRLAH /N LU A 15



%3

ARV, G5 FETHPEEEEIN TR 4Bk 5 R LU S TERERT A =75 -

TeALIRSEBRFE R FSP & ikt . TR0 S s AL AR
N, FSP Sl e i e REA B W] ks . P,

FSP ot M2 AC AR TiSLC K E 4 A 43k s Efe
B —Fh A Ss AR

5 AElEhfAET O SEM 3R

Fig. 5 SEM images of the fracture surfaces of the alloy specimens
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