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Study on the Microstructure and Properties of Powder Hot Isostatic
Pressed TA1S5 Titanium Alloy TIG Welded Joints

YIN Zhongwei, SONG Xinyao, WANG Chuanyun, KOU Hongchao
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: To meet the demand for the integral manufacturing of complex powder hot isostatic pressed (HIP) TAI1S
titanium alloy components in the aerospace sector, and to address the property matching challenges in dissimilar joining
between powder HIP TA15 and forged TA15 alloys, welded joints were fabricated using the tungsten inert gas (TIG)
welding process. Furthermore, the microstructural evolution, mechanical property matching, and fracture behaviors of the
joints were systematically investigated. The microstructural evolution, mechanical property matching, and fracture behaviors
of the joints were systematically investigated. The experimental results indicate that the tensile strength of the welded joint
is 999 MPa and the yield strength is 947.3 MPa at room temperature, with a joint efficiency approaching 1.0, indicating
that the joint has equal strength to that of the base metals. However, the elongation (10.3%) is approximately 24% lower
than that of the powder metallurgy (PM) substrate, with fracture locations randomly distributed on either side of the weld
seam. During high-temperature tensile testing at 225 “C, the tensile strength of the joint is approximately 836.6 MPa, with
the ductility increasing by 14.6% compared with that at room temperature, indicating a slight strength reduction with
improved ductility. High-temperature stress rupture tests at 500 ‘C/470 MPa reveal significant scatter in rupture life (30~60 h),

which is only approximately 60% of the base metal's life. All stress rupture failures occur at the weld seam, where the
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coarse colony boundaries within the weld's Widmanstitten microstructure act as a weak link. Low-cycle fatigue test results

indicate that the fatigue life of room-temperature notched samples (K=3) reaches 14 167~17 848 cycles, whereas the fatigue

life of the samples at 225 °C significantly varies (6 133~13 417 cycles), with the fracture location shifting from the weld

center to the weld edge. Fracture analysis reveals that room-temperature fracture occurs via a ductile mechanism

characterized by large and unevenly distributed dimples. At 225 ‘C, the dimples become finer and more uniform, and the

activation of dynamic recovery enhances the ductility. High-temperature stress rupture fracture displays a typical

“rock-candy” intergranular morphology, with grain boundary o phases acting as crack propagation paths. Furthermore,

fatigue fracture results in the initiation of multiple sources, deflected fatigue striations, and final fracture dimples. This study

indicates that the microstructural heterogeneity of the joint (the bimodal microstructure of the forging, the Widmanstitten

microstructure of the weld, and the basketweave microstructure of the PM substrate) is the fundamental cause of the

property mismatch. The coarse colony boundaries within the weld's Widmanstiitten microstructure act as crack initiation

sites under cyclic loading, whereas the fine basketweave microstructure on the PM side exhibits superior fatigue resistance.

Key words: TA15 titanium alloy; powder hot isostatic pressing; TIG welding; joint properties; failure mechanisms
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Tab.1 Room-temperature tensile properties of the
powder—forging TIG welded joint

Specimen Yield Tensile Elongation Fracture
No. strength/MPa  strength/MPa /% location
1# 951 996 10.2 PM side
2# 959 1007 10.7 PM side
3# 932 994 10.1 Forged side
Average 947.3 999 10.3

BT By AR =SB PR AR 3 S 2 41 () HRAF LS (b) R EEZH S (c) K32k HIP 4141
Fig.1 Microstructure of the powder-forging welded joint: (a) forging microstructure; (b) weld microstructure; (¢) powder HIP
microstructure

https://www.cnki.net



SRl ESpRI ]

«690 - FOUNDRY TECHNOLOGY

Vol.47 No.06
Jun. 2026

U3 2, % Rz (4 i W i A 1] 2a BFOR S5 R SR
R TS T RO IR G &85 A kP
Jett AR5t B 35 %] 947.3 MPa, HTH7 5 & 14 F] 999 MPa,
FHER T AR AR R T T 3.7% 1 1.4%, i
FEFE AR T 82T TALS S BE A 1 BB P iR KT (H
KRSk PSS bR S P B P BRI, g
Jo AU 10.3%, B8 R 16 4 AR (13.6%) FE A%
2y 24.3%, X —HPERBUR IR E ARG & R A RHE
B JE TR KO B B MR, 3 1R
2 1A BT T R i, 1 T T R A i, AR DL R B O TR
24 UL AR A AR B 0 A A 0 R IR AR B Sk e 55
PR ] Ao 2 e TR A X B R B A0 X
T T B A DS HS R AL
JRAEBLIR A 2L = e &, T Ul AR 9 2 2R
w13 AR TEAT R RN T 4R AR 88 AR A XL
AL E R 5 W B R AR ) 5 41 2098 P 4
L FL 5 AR R4 DX PR T AE AR BT Y o )2
03 A B e R A v S (L R — R R AR R N
JE B B — AR O R T 22 B B oA 2 A
by TT B4 IR B 75 308 AN %) X388 AL
FL B 5% B AR A0 B A 8 A B A, 3 30 R A 0 ) X
B0 AT R R B A ) S SR IR UL B P
BRI FRES X, PR T SO ) 1) 40— 0
F 2 MR A= IR A A

Tab.2 Room-temperature tensile properties of the
PM material

T 2 S UM 247 B S A P . S A AR
R4 T 206 LU W R 4% TATLS SR A 1 42 3k
S R AL 0.90, B ME R AL 0.65, Wi R 2 TR
BErhuly o ASHIE R R 8 A KR 4 4 Sk o B R % 0.95,
HAPE R EL 0.76 , W7 2407 B A1, WoR B M 256 1
fil o SR, 20 20 217 1A e 4TS 02 ) 2 482 3k 9 vk 1y
RERINZ 52 nlaa ik 0 A A5 2 P A B8 S R I
PA PR AR AR L 2 T — 0 O Sk M
TALS BKA 4 0 R -4 10 457 42 4 3k 5 60 B 119 %y
RAMAN 225 °C i il il s 45 58 51 1738 3 Fisk 4,
XF I (P WTRRE QN B 2b TR, 25 SRR B P
JIR 5 £ 1 685.6 MPa, $it i i &~ 836.6 MPa, Wi J5
MR R 11.8%, 5 %= R EREAH L, 8 AR5 B AT
P75 JEE 43 I FEAIG 27.6% F1 16.3% , 1K R 55 5 L 4R
i 14.6% , JH 5 L K 0.95 FE % 0.82, T 225 CHY
SR A RS L 2P Y S o AH AR IR AR R AR A A
F 3 MR-BE SRR SL 225 CHI 4R

Tab.3 Tensile properties of the powder—forging
TIG welded joint at 225 °C

Yield Tensile Elongation
Specimen No.
strength/MPa strength/MPa /%
1# 696 855 11.2
2# 672 829 12.0
3# 689 826 12.3
Average 685.6 836.6 11.8

F 4 MR 225 CHL A IERE
Tab.4 Tensile properties of the PM material at 225 °C

Yield Tensile Elongation
Specimen No.
strength/MPa strength/MPa /%
1# 919 993 16.0
2# 915 986 12.0
3# 907 976 13.0
Average 913.6 985 13.6

) Yield Tensile Elongation
Specimen No.
strength/MPa strength/MPa 1%
1# 661 817 22.0
2# 665 820 215
3# 672 823 19.5
Average 666 820 21.0

B 2 TALS WS BB | K EE 2300 AR K B TALS, TR0 i TALS:(a) & iR B I 2450k E B8 A 5 (b) 225 °C
P T R B
Fig.2 Fractured tensile samples of the TA15 welded joint, where the upper part of the weld is powder-formed TA15 and the lower part
is forged TA15: (a) fractured sample at room temperature; (b) fractured sample at 225 C
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BERRE
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o kA PR BRI e B R AR AR A ST A v A AL T
WS A mELRE T BB AL R B R R AR,
1€ 500 “C/470 MPa 5 F 50 h AR BEIR, W3 5, 1M
23k v IR R P B B ECHE B35 (30~60 h), H 100%
Wr 24 T 12 4% | 75 fr i J8 30 h 55 min, {UCA R4 1962%
WF 6,7 500 ‘C/470 MPa Z<1£F ,HIP £} 41 19 45 A
7wk ) 50 h AR W2 Ak F 47k b AE K SEAR

€ 3 TALS 44 S Wr ZLURE I SR < (a) 2 I P Al BT 025 WUE 55 5 (b) 225 “CHL i I 20U 5% 5 (c) 28 L M i 1 BROULIE 5%
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Fig.3 Fracture morphologies of the TA15 welded joint: (a) macroscopic fracture morphology at room temperature; (b) macroscopic
fracture morphology at 225 “C; (¢) microscopic fracture morphology at room temperature, which is the enlarged view of the rectangular
box in (a); (d) microscopic fracture morphology at 225 “C, which is the enlarged view of the rectangular box in (b)
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Tab.5 High—temperature stress rupture test results of the
PM material

Item Specimen No. Measured rupture life

1# No failure after 50 h

500 ‘C/470 MPa, 7 2# No failure after 50 h
3# No failure after 50 h

xR o6 MAR-BERERELSEFAMKER
Tab.6 High—temperature stress rupture test results of the
powder—forging welded joint

Measured
Item Specimen No. . Fracture location
rupture life/h
1# 30:55 Weld seam
500 ‘C/470 MPa, 7 2# 58:15 Weld seam
3# 60:00(stop) No failure

JE LA BRI TR ) B AR AR 2R (=50 h) s By AR -]
PFRERER I FF A FE AU 30~60 h L4 3 W7 24 T 4
S8 4 R T TALS By R -t k m iR R A
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AR SE A | 4% X I AT WL, A& da R L
TR A R 2T B AR TR, K A IR
AL W 4b, AR 1 2 BRI, W2
HAE N 2 X AP R 78 A o 1R 3 R T TR UK
AETERREEAL | LI AE S PR A L IR ZH 4

T o B R AN AR O Y 4R R B S S 1
Tt o A = A BRI ) 25 5 1A 05 AR R AR P

Jeim i,

K5 4 TALS # A — A A5 e 4 3k v TR K W
OIS, & Sa nl U W 7 Sy SHLRD < pROBEIR ™ W i
NI TS TR B AN T o R A L6 B TR
BT , T AL < VOB " B8 5 A0 B S AT 35, 1T DL P i
() A B FIRR £ 30 Tl 2 SO S50 e o L s A5 T it
W 84 ) B TR A A 2 B O SR R A7 R AR i
W 35 ORI S O AR AE |, Qi 5b froi
AL TG A K o FJE Y R R R (IR
ou P JHLTET ) , AL JC 40 3 S 4G, 0K P i T s T 201
SR ST SO I A I S A o BT R B A
Jeimi
24 ZERRSREAESEERRYIIE

SR TR ERE L S (A B A ER T,
KA BB A AR 3 S B T 5 B A 52 4 R[] Y 45
Ui BTN AT WAL R T EEE, 437
T S R A R AT TAR R 7, Lk
R T,

TEFIRAMET R B R R (K =3, K 6a)R 4l 4%
FAPEAE SR AR A% oL A v T REAFE R Sy SR i, 52
It R B R, fE 350 MPa IR IAERT T, 3 41ik
FER S 56390 14 167 .14 398 F1 17 848 J& ¥k,
T R — B0, RO R R AR Rk
TER R, BN ER IR T RA R &L B,

P4 TALS Hi AR B PR 1 e S vog 4 I 0 ICRE < () ST 5 (b) 100
Fig.4 High-temperature stress rupture test samples of the TA15 powder-forging welded joint: (a) before testing; (b) after testing

Bl 5 ALS By RSB PR S W IR R A BT B3 < (a) 25 WL 305 (b) THOWLTE 31
Fig.5 High-temperature stress rupture fracture morphologies of the TA15 powder-forging welded joint: (a) macroscopic morphology;
(b) microscopic morphology
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P, % 0k HIP B TAIS # 8 & SMEE L AR SHEERR +693 .

6 % i B AR R 9 55 UAE < (a) 2 (K=3);(b) Ml (K =1)
Fig.6 Low-cycle fatigue samples at room and high temperatures: (a) room temperature (K=3); (b) high temperature (K=1)

RTMR-BEERERELRBAESMRER
Tab.7 Low—cycle fatigue test results of the powder—forging
welded joint

Item Specimen No. Fatigue Fracture location
life/cycles
RT 1# 14 167 Weld seam
/350 MPa 24 14 398 Weld seam
/IK=3 3# 17 848 Weld seam
225°C 1# 12 446 Weld seam
/680 MPa 24 6133 Forged side (Weld edge)
IK=1 3# 13417 PM side (Weld seam)

BEAh , BT R 24 I 24 T I Aub | RV 4 A s AR
HER Y TR, (BAE K=3 B9 B O RURME TR S
AR FEAR G /NG AR L SUAR B, JREE X i TAE SRR
TR FEAGHA LI WSR2, AR A
T YA M AR T AR AR T R B0 5 AE A R I B [ LR R0
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Fig.7 Fracture morphologies of low-cycle fatigue samples at room and high temperatures: (a) macroscopic fracture morphology at
room temperature; (b) macroscopic fracture morphology at high temperature; (c) crack initiation region at room temperature; (d) final
fracture region at high temperature
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