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M ARENT Ti-4AL-5Mo-5V-6Cr-1Nb £k & 4 A Lo FLERE I 55 HE A6, SR R a8 0 o FARM F L FLIEAT 1 FLBS RS AL,
S, ST T LB R BB B e O L SR 57 M RE RSN, HEIR T LB R R A B0 57 3 25 AR AN ORI . S5 SRR,
FLBF 3L 2 AR LI S () S R A AL DX SRR B FLIA A T X SR, R T REE R RE o Ao FLAE P Bk AR BT R AR
JEX 2000 pm, FKFRAER F7i%-700 MPa, SEALZIFERIE 100 pm, SR A 380 HVo., FERARBEIRIIRE 20%. L5
JE SR 2548 A S I 55 5 e R AR 57 5 i o i, P EL R A I T3 5 2 i B i 2.74 4540 2.53 i, AR5 REUN 48.7%
FEZE 29.6%. BRARIERL 37 RISk R R il LBk Py T 55 AU = A, (R ST LG ENR BB R R E, MACE

N, FESUEEEM 1.94 um FEEZE 0.92 um.
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HEFLELIL, LN 12.020 mm~12.990 mm. FLEFE
#EMS Ny CBS-8-3-N-16F, #7554 BB-20, S %%
B5N FT-200. RALFF LIRS C-12-1, -,
C-12-10, 3 10 M. AL EBIUKXFER SN
CB-12-1. -+, CB-12-10, 3t 10 ™Mkt

1 Ti-4A1-5Mo—-5V-6Cr—1Nb K& & F1Z g
Table 1 Mechanical properties of Ti-4Al-5Mo-5V-6Cr-1Nb

titanium alloy

Rn/Mpa Rw2Mpa A%  ZI%  ad/Kl/m?

1333 1260 6.8 11.6 251
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Fig. 1 Shape and dimensions of hole extrusion strengthening

specimens
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Fig. 2 Metallographic microstructures of the hole wall side without and with hole extrusion strengthening

(a), (b) Microstructure of the hole wall side without hole extrusion strengthening; (c), (d) Microstructure of the hole wall side with hole

extrusion strengthening
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Fig.3 SEM microstructures of the hole wall side without and with hole extrusion strengthening

(a), (b) Microstructure of the hole wall side without hole extrusion strengthening; (c), (d) Microstructure of the hole wall side with hole

extrusion strengthening
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Fig.4 Distribution of residual stress from the edge to the center of the
hole (C-12-1 to C-12-6 are without hole extrusion, CB-12-1 to

CB-12-6 are with hole extrusion)
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Fig.5 Hardness distribution from the hole edge to the center after hole

extrusion strengthening
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Table 2 fatigue |ife test results before and after hole extrusion (loading stress 300mpa)

. . . Fatigue Life Average Fatigue = Median Fatigue Coefficient of
Specimen condition ~ Specimen No. . . .
/Cycle Life/Cycle Life/Cycle Variation

C-12-1 180289
C-12-2 68550

C-12-3 Abnormal fracture
C-12-4 62943

Without ho.le cold C-12-5 81301 04648 21301 48.7%

expansion C-12-6 47425

C-12-7 Abnormal fracture

C-12-8 Abnormal fracture
C-12-9 91135
C-12-10 130892
CB-12-1 352330
CB-12-2 211991
CB-12-3 181061
CB-12-4 182859
With hole cold CB-12-5 167231

. 239425 222896 29.6%

expansion CB-12-6 242889
CB-12-7 233800
CB-12-8 240316
CB-12-9 376106
CB-12-10 205667
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Figure 7 Fatigue fracture morphology without hole extrusion (C-12-1, with a lifespan of 180,289 cycles)

(a) Macroscopic morphology; (b) Microscopic morphology of fatigue source; (¢) Microscopic morphology of

propagation zone; (d) Microscopic morphology of instantaneous fracture zone
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Fatigue crack propagation
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Fig. 8 Fatigue fracture surface of hole extrusion strengthening (CB-12-6, with a lifespan of 242,889 cycles)

(a) Macroscopic morphology; (b) Microscopic morphology of fatigue source; (c) Microscopic morphology of propagation zone; (d)

Microscopic morphology of instantaneous fracture zone
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Effects of hole expansion strengthening on microstructure and fatigue properties of
titanium alloy Ti-4Al-5Mo-5V-6Cr-1Nb

Hu Shenshuang!, Wang Haojun',Zhang Bin!, Zhu Yanru!, Gao Xiaoyin', Chen Huizi!, Cui Xia*?, Ouyang Delai*?
(1.Avic Xi" an Aircraft Industry (Group) Companyltd, Xi” an Shaanxi 710089, China)

(2. School of Material Science and Engineering , Nanchang Hangkong University , Nanchang Jiangxi 330063, China)

Abstract: To improve the fatigue performance of aviation titanium alloy Ti-4Al-5Mo-5V-6Cr-1Nb with a central hole, hole cold expansion

strengthening experiment was were conducted on the central hole of the central hole of plate samples using a slotted mandrel. The effects of hole

cold expansion strengthening on the microstructure and fatigue properties of the alloy were analyzed, and the anti-fatigue enhancement effect and
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microscopic mechanism of this strengthening process were revealed. The results showed that the hole extrusion strengthened layer, characterized
by a gradient distribution of deformation degree, consists of a grain refinement zone near the hole edge and a deformation zone far from the hole
edge. The depth of the residual stress layer on the inner side of the hole wall is 2000 pm, with a maximum residual stress of -700 MPa. The depth
of the strengthened layer is 100 um, and the highest hardness value was 380 HVo.1, which is 20% higher than that of the matrix. The fatigue life
and its dispersion of the alloy are significantly improved after hole extrusion strengthening, with the median life and average life increasing by
2.74 times and 2.53 times, respectively, while the coefficient of variation decreasing from 48.7% to 29.6%. The residual stress field and
strengthened layer effectively suppressed the initiation of fatigue cracks on the inner surface of the hole wall, shifting the initiation of fatigue
cracks from the surface to the subsurface, resulting in finer striations with a striation spacing decreasing from 1.94 pm to 0.92 um.

Key words: hole extrusion strengthening; Ti-4Al-5Mo-5V-6Cr-1Nb titanium alloy; microstructure; fatigue life
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