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Microscale laser shock peening on TiN coatings
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Abstract: A TiN coating was modificated by microscale Laser Shock Peening (©I.SP) based on the la-
ser spot with a diameter of 300 pm to further improve its surface properties. An optical profiler and a
nanomechanical test system were used to observe and measure the surface morphology, nano-hardness
and the elastic modulus of the TiN coating in a peening area with different pLSP parameters. Experi-
mental results show that a conical dent is formed in the peening area after pLLSP, and the biggest
depth is about 1. 2 pm. The nano-hardness and elastic modulus are significantly changed in the center
of peening area, and they are enhanced with the increase of laser energy in a certain range. When the
laser energy is 250 mJ, both the nano-hardness and elastic modulus reach the maximum, which are
50. 21 GPa and 402. 8 GPa, respectively. Compared with the initial state of the TiN coating, they have
been increased by 140% and 43. 9% ,respectively.
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Fig. 1 Experimental setup of microscale laser shock

peening
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Fig. 2 Typical peening area morphology of TiN
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Fig. 3 Dent profiles under different pulse energies

3.2 HRWEE

TR BE SO W R Ak GE i TN IR )2 R
PR ARTE P E R — o TR BE A 45 09 3R AR R
353 A1 AT 4 vy I 3 T 9 A3 RE A it 5 45 M e L A
AH G e Ty R A R S R 28 o i S 2 T A R ) R
b SRR EE WO E AL TIN U J2 28 Rk Y
—DIKHER L, AR SCR M triblab JEALA K Ty 27
Wl R G2 o 1R 2 T AT 0 K IR 3k, de 245K
RAFBOCHE R T TIN Uk 2 3R 10 09 6 B & 5 ok
B (R, 150t JH It Ao UGS =X A7 m 24, it o
BRE AT R 1500 pN, PUHE # R 150 uN/s i
Fr I, 3K B fe R AT 5 AR 48 10 s, LAl /NG A2 %
VA 152 W 5 S5 S LA [R) AR S 0 0 3 %8 o R 3
ff i 10 %6, TH 5 2 ff PR 47 60 s, [R) B W5 0 457 7 FH
THBIEREER. K 4 Frn N Berkovich 4 NI A4
JE S A0 URE 32 18 T TP B R — 4T A 1, A T8



2682 b=

% TR

519 &

Al DLE L R AR il E AR 290 0. 2 pm, JRA
WREEZ128 50 nm, /N T IR 2R 1/8 ., A
AR 2 Z B R R0

Bl 4 IR =485
Fig. 4 3D image of indention

1600 1 pefore p1sp .
| — Aller plSPE=200m] i

00 F L Nfer plSPE=22S )

oo b oo Mler plSPE=250m) ;%
- 1000
=5
= 800 F
Z

400 [

200 [

[} - a2t 1 1 L
0 10 20 30 40 50 60
Indention depth/nm
() 8 A7 - L F% 2k
(a) Load-depth curves

52 F 420

50k

48 F —n— Harlness 1 400

a6 L —o— Elastic modulus -

4__: 1 X=Center 4 380 2
o) %
<o % e
7 of -
£t '’
E | ) E
= ul 2

nf =

10 F =

Y N 300

o3 . . . . N P

200 210 220 230 240 250

Laser energy/m]

(b) A Ji 5 P A8 i (.
(b)Hardness and elastic modulus
B 5 OR[RIBOGRE I T AL O Ab 29 2K e 9R I 3K 5
Fig. 5 Nano-indention test under different laser en-

ergies

B 5 s AARBOLTEEE T TINIRER
AT 98 G W% AL H 0 A 1) 38 A - A% Hh £k 18 5 (b) o
MG bk il 28 3 5 B 45 00 B 5 55 o A (i,

TiN W2 E A 28 O G WE AL T A B 55 50 5 i 9 1)
g 20. 85 GPa Fl 279. 92 GPa; £8 3 OGBS
LA FE 55 5 A5E a5 349 B B RO BB 1 3 KT 1
KLEEWOCRER A 250 m] B, 6 B 5 5 A5 o 0k
F KL, 41500 50. 21 GPa #1402, 8 GPa, 43 5l 2
T 140901 43. 9% . iK% T 4 W41 .C-BN & -
Cy N, & = RAL 50 80 BT Uk J2 (> 50GPa) Ml B
TR J2 WAL DXl o B 32 5 i PR ST 1 A G R A =
5T D PR s — i A R 3R 2 R TR SO ol B )
YERIT K A R B A 5 32 3l 2R o AT 571 562 44
FETE ARRLAN A R TR B B8 1 AR T 51 R M R 2 T
8 0 A AR RGN 5 = 2 O W8 HU AR AL DX B 75
S ARl i 2 AT VA 7 o | TR . S T R R =R
J2 3 TH Y R BE AR T SE R RE

1600 L

—— X=100pm

400 0 e A=50pm {;é‘?
A=Center ,i,}é o

1200 F E=250m] 3

Load/ p.N
=
b

0 10 0 30 40 50 &)
Distance from center/ pum

() BT F% M2k
(a) Load-depth curve

—m— Hardness = 400
—o— Elastic moduls

F=250m)

Hardness/GPa
£
Elastic modulus/GPa

. . .
0 100 200 300
Distance from centerf pum

(b) fifl g 5 5P A5 i (i

(b)Hardness and elastic modulus
&l 6 ML DX 3 P9 4K AR I

Fig. 6 Nano-indention test within peening area

P 6 () BT R A BOGRE B 250 m) B AL X
Sl PN AN [ 5L A ) 2B A 5 it 2 DS B A AR
G AL L AR VBE L 50 pm A 100 pm kb,
6 () AR 13k il 2 T 55 i 45 10 B 2 5 0 A



11

JA 8 45 OB O BUILER A TIN 3R JZ /9 2 1 1 E 2683

(B AT LA 1 TiN IR 2 7E 2853 WOL LS BILIX
SN Y B R 5 B AR R I T — R R
PG AR AR B 5 AL 0 B S
38 O B2 15 PR A A A IR AR A L 5 B AL v
> 100 oAb BE 5 SRR I IR B /N R IE TR )R
ARAL AT ERZS . X5 Z BT 4G B 1 2 T AL
DX SRR I 1 728 A s S5 AR — S (8T 3) , B 5
S A R (R B S PR IR A S8 T4

4 5 B

AR SR ARG EE O M L 5 A R X TIN
TR )E R MAEAT AL B, TIN )2 R 2 50 0 O
POEWEALSR AL T WL X O i T B A ONIR E
0 B A8 M3, M BT AR 20 O EAR
2/3; il 45 VOB RE 1 I 3G O, M0 98 1 AR B VS L S

SE WK

(1] &4, Ak, HE5, F. BOLEEBUILRMAN

b sh &S], P Bk, 2010, 37(1):
256-260.
HUANG SH, ZHOU ] ZH, JIANG S Q, et al..
Dynamical analysis on stresses in metal caused by
laser shot peening[ J]. Chinese Journal of Lasers,
2010, 37(1): 256-260. (in Chinese)

[2] YTRTICA M S, GAKOVIC B M, RADAK BB, et
al.. Material surface modification by ns, ps and fs
laser pulses[J]. Opt Precision Eng. . 2011, 19
(2): 221-227.

(3] #Ak4m, NFEXL, EHZ, F. HTH &=V

SEPE RE MEMS JF GBI T Z[J]. 25 #E T
., 2008, 16(7): 1213-1217.
HU G W, LIU Z W, HOU ZH H. et al.. Novel
process for fabrication of RF MEMS switch with
high mechanical reliability [ J]. Opt. Precision
Eng., 2008, 16(7): 1213-1217. (in Chinese)

(4] izr, . X, F. BHEIREA MEMS #08)

FHEREMA R R R[T]. ¥ M E A2, 2010,
18(5):1204-1211.
WANG H, TANG J, LIU R, etal.. Integrated u-
niaxial tensile test system for measuring mechanical
properties of MEMS materials[J]. Opt. Precision
Eng., 2010, 18(5): 1204-1211. (in Chinese)

TR BE Al B 22 3 K FE O BB BE A 250 m] B,
M40 e KB AR TR UR FE A 5 1. 2 pm.,

TiN ¥ 2 3R 28 50 53O BE 0O 8 L5 1k
Jei » 1RE 2R THT IS AL DX 3 P Y R ORI M A A Y
A TR KRR 04 R, O TR AL R A AR b
e K LW 25 5 W L O B B KT e/ 5 TR
A % L 0 A ) AR R RN M A i A — 2 T F
PN B A OO0 BE A A R R, YOk e R R
250 m] B, P9 e KAH 43 % R 50. 21 GPa Al
402. 8 GPa, 591 RAEM 4y g & T 140%
M 43.9%.,

SRR A T 2 T E R RE A B
B3 SR 25 B A bk — 20 B TR )2 Y 3R I A
JE PR S T 2R RE O R R T — R
IR 2 PR RE IR IE AR L A B TR R OB HL
AR A RS U 2 2 T A R 1 1

[5] ZHANG W W, YAO Y L. Microscale laser shock
processing of metallic components[J]. Journal of
Manufacturing Science and Engineering, 2002,
124(2) . 369-378.

[6] ZHANG W W, YAO Y L. NOYAN I C. Mi-
croscale laser shock peening of thin films, part 1.
experiment, modeling and simulation[ J]. Journal
of Manufacturing Science and Engineering,
2004, 126. 10-17.

[7] ZHANG W W, YAO Y L, NOYAN I C. Mi-
croscale laser shock peening of thin films, part 2.
experiment, modeling and simulation[ J]. Journal
of Manufacturing Science and Engineering.
2004, 126. 18-24.

[8] WEID H., ZHOU J Z, HUANG S. et al.. Pro-
gress in theory and application research on mi-
croscale laser shock peening[J]. Adwanced Materi-
als Research, 2010, 135: 194-199.

[9] GEERS M G D, BREKELMANS W A M, JANS-
SEN P J M. Size effects in miniaturized polycrystal-
line FCC samples: strengthening versus weakening
[J]. International Journal of Solids and Struc-
tures, 2006, 43:7304-7321.

[10] =%, #ie &, #MF. HTAKRLEEE TH
TiNZ &b B FE[)]. & 8 # 2 22 48, 1999,
20(3): 52-55.

WANG L, XU X L., XU B, et al. Study on com-



Nz ) Ip7s
2684 O TR %19 %
plex treatment of ion nitrocarburizing and TiN ion 747.

plating[J]. Transaction of Metal Heat Treat-
ment, 1999, 20 (3): 52-55. (in Chinese)

[11] #Fss, Aaik. A9, F. (Ti. ADN/Ti, AIN
WEI S ()], & B F M, 2010, 46(6): 743-

EER N

AER Q964 —) , B ILHILEH AN, A
B A S, 32 A S O
T PR B B8 Y e S o TR
REETTH A FE . E-mail: zhoujz@ ujs.

edu. cn

TERE (1986 —), J, 1L 7HiE A, W
TSR N F RO WO LR
EHARSFE T M MATSE . E-mail: weidhui
@126. com

B OEFA983 ), L ILHERIRA A
WHoEAE . EE NG HOUHE A N 7 1
) WF 58 . E-mail: huangshull @ sina.

com

DONG Y L, YAN X B, ZHAO SH SH, et al..
Preparation of (Ti, AD)N/Ti, AIN coating[J]. Ac-
ta Metallurgica Sinica, 2010, 46 (6). 743-747.
(in Chinese)

K987 B ITLHBEITA LW
WFoT A, O O e AL R AL
¥R % om M B 5. Email:
Zzw461832110@163. com

WA, 2N BB WO B LR 1L
FARSE I A WF5E . E-mail: fanyujie

@tom. com



