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Effect of Shot Peening on Fatigue Properties of High-Strength and High-Toughness p-Titanium Alloy

LIN Xin', GAI Pengtao’, ZHOU Wenlong', CHEN Guogqing', LI Chunyan', FU Xuesong'
(1. Dalian University of Technology, Dalian 116024, China;
2. AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT] This study investigates the effects of shot peening intensity, shot medium (cast steel shot and ceramic
shot), and composite shot peening on the fatigue properties of high-strength and high-toughness B-titanium alloy.
Characterization techniques, including scanning electron microscopy (SEM) and X-ray diffractometry (XRD), were
employed to analyze the influence of shot peening processes on the surface integrity and fatigue fracture behavior of
target materials. Experimental results show that shot peening effectively modifies the machined surface profile of target
materials. With the increase of shot peening intensity (up to 0.25 mmA), surface roughness increases, yet no delamination
or micro-crack defects are observed, indicating excellent plasticity toughness of the target materials. However, the surface
of target materials is sensitive to coverage: Local delamination and wrinkling defects occur on the surface after composite
shot peening with 400% coverage. Shot peening introduces a residual compressive stress layer approximately 280 um
in depth on the surface of target materials. The residual stress value generally increases with shot peening intensity, but
stress relaxation occurs in the near-surface layer (50 pm thickness) when the intensity reaches 0.22 mmA. Shot peening

significantly enhances fatigue performance: Under cast steel shot peening conditions, the fatigue life increases by 145.4
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times compared to the as-received state, with individual specimens reaching 1 x 10’ cycles. Ceramic shot peening

demonstrates more pronounced fatigue improvement at the same intensity. For peening with a single-shot medium, crack

initiation sites shift to the subsurface layer, whereas composite shot peening reduces the average fatigue life significantly,

with some crack sources appearing on the surface, attributed to surface damage and residual stress relaxation. In conclusion,

high-strength and high-toughness B-titanium alloy exhibits favorable shot peening performance, low sensitivity to shot

peening intensity (resistant to delamination or microcrack), but high sensitivity to shot peening coverage, making it

unsuitable for composite or extended shot peening treatments.

Keywords: High-strength and high-toughness titanium alloy; Shot medium; Residual stress; Fatigue life; Fatigue fracture
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Table 1 Chemical composition of high-strength and high-toughness

titanium alloy (mass fraction) %
Al Cr Mo \'% Nb Ti
4431 5.620 4.200 6.692 0.798 78.259
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Table 2 Shot peening process parameters for cast steel shot

Sl i M AL 58 B /mmA T/ %
S1 0.11 200
S2 0.15 200
S3 0.22 200
S4 0.25 200

R3 MEBAIZSH

Table 3 Shot peening process parameters for ceramic shot

EE TR ML FEE /mmA B/ %
Z1 0.06 200
72 0.15 200

R4 EABMATZESYH
Table 4 Process parameters for composite shot peening

I AL B /mmA

EETE TR LR
i Mg
SZ1 0.15+0.06 400
Sz2 0.15+0.15 400

B1 RS (mm)

Fig.1 Dimensions of fatigue specimen (mm)
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Fig.2 Surface morphology and 2D surface profile curve of

non-shot-peened specimen
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Fig.4 Surface morphology of ceramic shot-peened specimens
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Fig.5 Surface morphology of composite shot-peened specimens
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Fig.8 Distribution of residual stress in shot-peened cast steel specimens
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Fig.10 Microstructure of cast steel specimens after shot peening with 0.15 mmaA intensity
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Fig.15 Morphology of fatigue source in fracture of shot-peened cast
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Fig.17 Morphology of fatigue source in fracture of composite shot-peened specimen

RFRITFR)Z (50 um J& ) FR M M RFRAYIN 1 5 shPEAE
1k, ¥7E 0.15 mmA Bk Bk, LR IR E] 0.22 mmA
Ay BN st AR RIS B P B M AL S | AR )
BNl EAMULS IR EHNBALA L, 784
i 3 HE R, R AN R KR AR I IR

(5) RIS , LR
BIW AR TIRERTA , 98 57 A 5% 95 DA B TCAH DG -

& £ X #k

[1] ADAMUS J. Applications of titanium sheets in modern building
construction[J]. Advanced Materials Research, 2014, 1020: 477—481.

[2] YU H J. Research development of the laser surface modification
to improve the corrosion-resistance of titanium and titanium alloys[J].
Advanced Materials Research, 2013, 748: 184-187.

[3] AT, Bowi, 2B, 45 s ek G S Urse ).
FEAT (542 IR 2441, 2015, 25(2): 280-292.

JIN Hexi, WEI Kexiang, LI Jianming, et al. Research development of
titanium alloy in aerospace industry[J]. The Chinese Journal of Nonferrous
Metals, 2015, 25(2): 280-292.

[4] 55 Sk ALY Tio10V—2Fe-3 AL & A Fi—Rige 55 PERE 1 5%
WAL, H A (4 4R, 2004, 14(1): 60-63.

GAO Yukui. Influence of shot peening on tension-tension fatigue
properties in Ti-10V-2Fe-3Al titanium alloy[J]. The Chinese Journal of
Nonferrous Metals, 2004, 14(1): 60-63.

[5] P, X, 250, 45, WOLGE AL 5 Fm se B M TC21
R a9 IFERBRISZ IR ], HUMEME S HOR, 2012, 31(12): 1921-1926.

LI Shiping, LIU Daoxin, LI Ruihong, et al. Influence of shot peening
and surface integrity on fatigue properties of TC21 titanium alloy[J].
Mechanical Science and Technology for Aerospace Engineering, 2012,
31(12): 1921-1926.

(6] “FkbAh, JEfE, 2545, 25 1500 MPaZi R s o rp ek A 4
[J]. TP EFRELIERE, 2021, 40(6): 441-445.

XIN Shewei, ZHOU Wei, LI Qian, et al. A new type extra-high
strength and medium toughness titanium alloy of Ti—1500[J]. Materials
China, 2021, 40(6): 441-445.

(71 BUKIR. FREKE S AOTHRS R RI]. HbPE "k, 2007(10):
28-32.

ZHAO Yongqing. Research and development of titanium alloys in
China[J]. Advanced Materials Industry, 2007(10): 28-32.

[8] k4R, WefR s, L, 45 WOILRALIR A2 0 F7 X8 55 M e A
AR MBI L BE R ()], HUB AR, 2023, 59(6): 46-60.

ZHANG lJiyin, YAO Changfeng, TAN Liang, et al. Research progress
of the effect of shot peening residual stress on fatigue performance and
deformation control[J]. Journal of Mechanical Engineering, 2023, 59(6): 46-60.

[9] CHEN G Q,JIAO Y, TIAN T, et al. Effect of wet shot peening
on Ti—6Al-4V alloy treated by ceramic beads[J]. Transactions of Nonferrous
Metals Society of China, 2014, 24(3): 690—696.

[10] ZHU W G, MA C, ZHANG C H, et al. Fatigue crack propagation
behavior in Ti-6Al-4V alloy with surface gradient structure fabricated by
high-energy shot peening[J]. Transactions of Nonferrous Metals Society of
China, 2023, 33(10): 3003-3016.

[11] h#A, B, XIS, 55 ARIBOLE X TCLT Bh5 bt
W7 PERESC R[], U753 J12¢41, 2022, 37(6): 1225-1233.

BU Jiali, LU Yang, LIU Bozhi, et al. Effect of different shot peening
intensities on fatigue resistance of TC17 titanium alloy[J]. Journal of
Aerospace Power, 2022, 37(6): 1225-1233.

[12] FAa, e, AP, 45 T GRBOURIES TC17ER G 4
WAL AL IS2IR[T]. RIHAR, 2021, 50(9): 91-98, 107.

XU Songchao, GAI Pengtao, FU Xuesong, et al. Influences of dry and
wet shot peening process on strengthening layer of TC17 titanium alloy[J].
Surface Technology, 2021, 50(9): 91-98, 107.

[13] PR, WS, A/, 45 Mot B A & i
X TBOEK F 4 2 1 56 4 1 K il 1) 9 55 M RE RS2l [ 7. BHE 41, 2021,
39(9): 48-55.

LUO Xuekun, ZHAO Chunling, ZHA Xiaohui, et al. Effect of laser
shock peeing, shot peeing and their combination treatment on surface
integrity and axial fatigue property of TB6 titanium alloy[J]. Science &
Technology Review, 2021, 39(9): 48-55.

[14] %2R, AR, TR, 45, BOILSRALRT TBOSR & 40 o7 P ik
FIETH SE L RS2 MR [I]. Bk Tl 3R, 2017, 34(4): 33-38.

LUO Xuekun, AT Yingjun, WANG Xin, et al. Effect of shot peening
on fatigue property and surface integrity of TB6 titanium alloy[J]. Titanium
Industry Progress, 2017, 34(4): 33-38.

[15] MAIYA P S. Geometrical characterization of surface roughness
and its application to fatigue crack initiation[J]. Materials Science and
Engineering, 1975, 21: 57-62.

[16] YAO CF, WU D X, MA L F, et al. Surface integrity evolution
and fatigue evaluation after milling mode, shot-peening and polishing mode
for TB6 titanium alloy[J]. Applied Surface Science, 2016, 387: 1257—1264.

BIRIER : NS, BIZEZ, W, WF0 5 18 bR R PN 5 O 4%
i AR S R B
(Digh * %)

20254E 5568 & 5 100] - Bt hlE AR 135



