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Influence of laser shock peening on microstructure and
surface hardness of TC17 titanium alloy
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Abstract: To study the influence of laser shock peening number and pulse energy on microstructure and surface hardness of
TC17 titanium alloy, TC17 titanium alloy samples were laser shock peened with different process parameters. The results show
that severe plastic deformation and a great deal of high-density dislocations, such as proliferate, pile up and tangle, are generated
in the material surface layer in the process. The maximum depth of micro-pits created by single pulse can be 21. 4pum. When
pulse energy is 5J, and overlap impacts increase from 1 time to 4 times, the surface hardness of materials increases by 8.3% ,
17.2% ,
pulse energy is 5J and 7], the surface hardness increases by 8.3% and 14.2% respectively. The conclusion is that the surface

24.3% and 24.5% respectively, compared with parent metal. In the meantime, when overlap impact is 1 time, and

hardness is enhanced with the increase of impacts and pulse energy. High density dislocation on material surface by laser shock

processing is the key reason for the increase of surface hardness.
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Table 1  Chemical components ( mass fraction) of TC17 titanium alloy

Ti Al Sn Zr

Cr Fe C N H

balance

0.045 ~0.055 0.016 ~0.024 0.016 ~0.024 0.035~0.045 0.035 ~0.045 0.003

0.0005  0.0005  0.000125

Fig. 1 Specimen for laser shock peening

a—specimen for single pulse impact ~b—specimen for overlap impact
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Fig.2 Laser shock peening system

Table 2 Performance parameters of Nd: YAG laser
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Table 3 Test scheme of laser shock peening

pulse energy/] times impact modes
5 1 single pulse/overlap
5 2 single pulse/overlap
5 3 single pulse/overlap
5 4 single pulse/overlap
7 1 single pulse/overlap
7 2 overlap
7 3 overlap
7 4 overlap

IRFE M T JEM-2100 375 5 H 55 % 48 42 5 i
FER O S TS o B3 > R/ i 2R U
YIE] 0. 3mm (R L, H FHEPAC T BS HL 22 K S0pm,
H T ARBEIR o D, RO R vhh R T ES . o AL
BLARD3mm KN SR R AT RO ik



70 i

ot B AR

2017 4£ 1

Ji B AT A 37 S H T R A v X ) T 4 21
K H] KLA-Tencor 3 £ [ 5 15 2 B A1 A X 3k
MISE AT BE R AT I 6, 73 B A8 752pixel x 480pixel ,
xyz F7FE 4 100mm x 100mm x 100mm
FJZ0E B IR ] DHV-1000 5 4356 B 3, I
37 500g, fin 5 45 B8 I [E] A 15,

2 RAWERSHH

2.1 REEH
Bk bt e A BURE R B R ELAR K2 2mm
DA, Bl P R R B DU A — s R B 3R AE T B R

-1)2 L:1.74mm
-2 f
g 3 § :
3 g |
5 ¢ =)
:g -5 \J\ ‘JA A = A
-6 ‘MW\ JF\ 1\/ Y, V”(\WAM/IVM A ﬁ,f/w
WA
02 06 1.0 14 16 20
position/mm
4Tg L2 t5mm /.,
!
! =
= \ o
) \ w [
2 \\ £
= /
-8 \ 7
12 — L,
04 0.8 1.2 1.6 2.0 24 2.8 3.2
position/mm
5lle L:2.00mm ]
0 £
El B
S A 2
2 0 | =
0408 1.2 1.6 2.0 24 28 3.2
position/mm
5 d ‘ AW

\, L:1.75mm /

0 \ f

1\

W
\Q‘%

-15 S naaavy

04 08 1.2 1.6 2.0 24 2.8 32
position/mm

height/um
|
W
H:21.4um

Fig.3 Measurement of micro-pit depth with single pulse of different impacts
and 5]
a—1 impact b—2 impacts c¢—3 impacts d—4 impacts
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Fig. 4 - Measurement of micro-pit depth with single pulse of impacts and 7J
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Fig.5 Diagrammatic sketch of hardness measurement with single pulse im-

pacts
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Fig. 6  Micro-pit hardness with single pulse of different impacts
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Fig.7 Micro-pit hardness with single pulse of 5J and 7J
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Fig.8 Diagrammatic sketch of hardness measurement with overlap impacts
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Fig.9 Surface hardness with overlap of different impacts
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Fig. 10 Surface hardness with overlap impact of 5J and 7]
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Fig. 12 TEM photographs of surface layer of TC17 titanium alloy with 3 im-
pacts of 7]
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