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Abstract: Based on acoustoelastic theory, stress measurement of laser cladding coating with Rayleigh
wave was investigated. The acoustoelastic formula for evaluation of stress in laser cladding coating was
simplified by means of Taylor series expansion method. Combined with the static load tensile test,
acoustoelastic coefficients were determined. The results show that the variation rate of Rayleigh wave
signal velocity in Fe314 alloy coating increases linearly with the increase of stress. When tensile stress
is greater than 495MPa, the variation rate of Rayleigh wave signal velocity does not change linearly any
more. Based on the analysis of ultrasonic propagation theory and microstructure of laser cladding coat-
ing, the changing rule of acoustoelastic curve and its influence mechanism on stress measurement were
analyzed,the inhomogeneous deformation of anisotropic laser cladding coating is the main cause of the
“wave-type” fluctuation of acoustoelastic curve in high stress stage. Results show that anisotropic tis-
sue effect can affect the result of stress measurement;the penetration in laser cladding layers can be ig-
nored. By fitting the acoustoelastic curve, anisotropic tissue effect factor is determined. The experi-
mental results show the maximum relative error in stress measurement is 4. 4 %, the method can realize
the nondestructive evaluation of the stress in laser cladding coating.
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Fig. 1 Rayleigh wave vector in laser cladding coating
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Fig. 2 Schematic drawing of static load tensile specimen
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Fig. 3 Measurement system for evaluation of stress in laser cladding coating
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Fig. 4 Acoustoelastic curves of Rayleigh wave in laser cladding Fe314 alloy coating (a)parallel to loading direction;

(b) perpendicular to loading direction
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Fig.5 Microstructure (a) and fractography (b) of laser cladding Fe314 alloy coating
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Fig. 8 Linear fitting results of acoustoelastic curves of Rayleigh wave in laser cladding Fe314 alloy coating

(a)parallel to loading direction; (b) perpendicular to loading direction

= 1.505 X 107°¢;; +6.4715 X 10™°

1 —t,

; = 9.68X10%, —6.6784 X 107°
2

8 —t
I3}

(8)
A ol G=1.2) 70 IR TCNE I3 AT R IRE T
T 4] S5 A6 S D00 75 1) 47 A T B T P A g oy X
(8) AR s A5 R T 0 3 I8 1) 1) S R Ky
FHM ky =1.505X107° MPa™', &k, = 9. 68 X 107°
MPa ', 45 ELER SO A bR 9 B & S e i B ) 2 0
IS B 1) 90 A5 5 1 47 3 12 19 7 A G AT T 07 171 41
B ERI AL 0 5P 7 A g A O R AR A AR I {E R B
A R al R O BEE 0 RIS 380 16 B R B2 41
O 20| IS E
A 1) [Rl P AR R A R R PO 1) LR R
B ks = koo ki = ko SBOGIEBELZ BAT 25 18] 52 4
FRAE L H Fe314 J9a7 77 i & - B LATE SR 2 10k 2% 11
Pt Fe314 3Ot 82 11 6 1 0 )2 19 7 3 2 X (8 18
1A

0 __
“ti“ = 1.505 X 10 Sy, + 9. 68 X 10 g, +
1
6.4715 % 10°°
1 —t, 6 s
= 9.68 X 10 oy +1.505 X 10 o, —
2
6.6784 X 10°°

€))
Xof HBT il 5 Fe314 4 42 WO 1 3 hr A iaCRE 217
R LA F 5250 B 1A S (O T B OIS 2 Y
I KrIEERAE 9 Fras, o] LA .ok A0 9% 12
W A RHI 55 T 2 2RI A T 2 SR 1 5
R RAHXF IR 2Z W 11500 FMLE 4. 4%, H AT
BRI E AR 2 B 2% S 5L R & R R 7
B A -
3.3 RBREFREGEZMSH
Bl 10 h Z il 1 2 ZHE R Fe314 BOGIE B A
TOMZHZL, ] LUF 245 3 )2 b A7 76 B 5 1 )2 1) A i
V] v 7 S A2 i R OB 0 2 T A R AR LS
B < AT T2 8] A1 04 7 AR R Oy ) A BT 2 R



102 OB T A

2018 4 10 H

200 -
—— Actual loading value

—— Without considering tissue effect//‘
150F — Considering tissue effect //

100

50

Testing tension stress/MPa

20 40 60 80 100 120 140 160
Tensile stress/MPa

P9 Fe314 Wbl il J2 32 1w N ) K 45

Fig. 9 Testing results of stress in laser cladding Fe314 alloy coating

SIS BT 1 o o B R A R AR A AT
W B ETT R EE A S RE R AE P AEREUT 24
PR Z N 2 AP Z AL Bl 24 TR L (& 10 A 19
LT 1) BRI, FERE B LA BOE X BRI R B 26
N0,

e 2B T7 1) AL 0 B A 8 )2 18] s 2
S B R B A5 5 9 B B T P T S

o= b _ev—p (10)
Do 02Uz +p1"01

e pe ORI RS L 5 po A IR P 7 T 5
s o AARSBEIEEZ A1 AR 2 I E 50150, R
FRASARE BLIZ A o0 1 KA Tt 2 i ) 042 i P03k 2

TEROCIEE T ES R —E ML - AR B Z
CRAJZJRJE N 0. 2mm) 22 8] 7 BT AR 22 AR /s ROt 504
B ASBIE T A ) — 5 B N B ) A A 1%
[ F AR A2 Al 10 HR 8 7K SF 5 1) ) SF A 0 380 #
JEARIZ LT I LU B2 22 18] (9 48 P A% 3 (B 388 I
S P ARG 235 SR 1) 5 W ] L 2

/ Rayleighwave
plepagation S

InteTface]
[petiveenilayets!

RayleighiwayVel
enetiationfdirection!

K10 Fe3ld BOLKBZHONAL

Fig. 10 Microstructure of laser cladding Fe314 alloy coating

(DALAFRL S /T 495MPa i, B 3 B ) 1) 3K

it M) DR SO 8 B2 v ) A 3 o B A R DL S
S0 BRI 3R T 495MPa I SO HE B2 i M) 3
el o B AR A AN AT A M L S B R AU
ARAE S o R A% 1) SR O IR AR AR S AR 2
SPECGE T B B it 2 s i E R

(2) 4% 1) S VRO I 8 )2 21 8500 2 572 Wkl o 75
O 3 4G 0 2 S 0 R R A B T R IR A A X e S
U2 IV G 45 2R 1) 52 0 ] LA 220

(3 PO s L J2= B A1) i A5 478 3k 2 A g o3 g 245 2R
WX 5 2R b A I v I A B g R 2
VASLEREVSERE LS VEEMERE RER N CE T ibE - SN (SR R
RO R R 5k T IR 18 T4 5 O I B R S
523 2 D28 ST B SO e B DL 7 AT 00 55
T ALGURNL Y R L B TR A RN T A I A SR Y
[ET E

2 % 3k

(1] B ARG, PhAAS. it 4l b S5U40 5 35 1o %y O 0 3 7 4 s 16 2
[J]. B O, 2014,41(8) :80-85.

FENG H,LIJ F,SUN J. Study on remanufacturing repair of dam-
aged crank shaft journal surface by laser cladding[]J]. Chinese
Journal of Lasers,2014,41(8) :80-85.

(2] ERUIL NN, BR AN 7 M B AR B i e 5 s e [T ). Bl AR
2011,28(1):11-15.

WANG Q M, SUN Y. Research development on the test methods
of residual stress[J]. Journal of Mechanical & Electrical Engi-
neering,2011,28(1) :11-15.

[3] RICKERT T. Residual stress measurement by ESPI hole-drilling
[J]. Procedia CIRP,2016,45:203-206.

[4] TANUMA K,MAN C S,CHEN Y. Dispersion of Rayleigh waves
in weakly anisotropic media with vertically-inhomogeneous initial
stress[J]. International Journal of Engineering Science, 2015, 92
(7): 63-66.

[5] LIHB, ZHANG P C, LIG, et al. Stress measurement for nons-
toichiometric ceria films based on Raman spectroscopy[J]. Jour-
nal of Alloys and Compounds,2016,682:132-137.

L6 AR, mmdtif, 2P, . 041 sk R ) JC B i 5 3%
A& L], JEHRI . 2010,32(10) : 765-769.

LIJ H, GAO ] B, L1]J Z,et al. Nondestructive measurement of
residual stress by neutron diffraction and the R&.D of the diffract-
meter[ J]. Nondestructive Testing,2010,32(10); 765-769.

L7] skJe, WMol fa We R, 55, SUS304 A 85 B A 47 4 3k 8 A 1R I
JIEERERELT . PR TR, 2016,44(4) 12631,

ZHANG L,ZENG K,HE X C,et al. Ultrasonic imaging and me-
chanical properties of spot welds joint on SUS304 stainless steel
[J]. Journal of Materials Engineering,2016,44(4); 26-31.

[8] KWASNIEWKI J, DOMINIK I, LALIK K , et al. Influence of
acoustoelastic coefficient on wave time of flight in stress measure-
ment in piezoelectric self-excited system[]]. Mechanical Systems

and Signal Processing,2016,78:143-146.



46 10

O B T T 1 U )2 L AR AR A 103

[9] T pFasE A M. Jb a0 BE2# ik, 2010:46-51.

DING H. Computational ultrasonics] M. Beijing: Science Press,
2010:46-51.

[10] JOHSON G C. Acoustoelastic theory for elastic-plastic materials
[J]. The Journal of the Acoustical Society of America, 1981, 70
(2):591-595.

[11] ROKHLIN S I, WANG W. Double through-transmission bulk
wave method for ultrasonic phase velocity measurement and de-
termination of elastic constants of composite materials[ J]. The
Journal of the Acoustical Society of America,1992,91(6):3303-
3312.

[12] WALASZEK H, HOBLOS J. BOURSE G. et al . Effect of mi-
crostructure on ultrasonic measurements of residual stresses in
welded joints[J]. Materials Science Forum,2002,404/407; 875-
880.

[13] BURKOV S 1, ZOLOTOVA O P, SOROKIN B P, et al. The
analysis of the effect of homogeneous mechanical stress on the
acoustic wave propagation in the “LasGasSiOy4 /fused silica” pie-
zoelectric layered structure[ J|. Ultrasonics, 2015, 55; 104-112.

[14] DU H L, TURNER J A. Dependence of diffuse ultrasonic back-
scatter on residual stress in 1080 steel[ J]]. Ultrasonics,2016,67;
65-69.

[15] LIU B, DONG SY, XU B S, et al. Length of reference signal
affects surface stress measurement of thin laser cladding Fe314
alloy coating[ J]. International Journal of Minerals, Metallurgy
and Materials, 2012,19(6) :549-553.

[16] MOHABUTH M, KOTOUSOV A, NG C T. Effect of uniaxial
stress on the propagation of higher-order Lamb wave modes[]].
International Journal of Non-Linear Mechanics, 2016, 86: 104~
111.

[17] PAMNANI R, SHARMA G K, MAHADEVAN S, et al. Re-

sidual stress studies on arc welding joints of naval steel (DMR-
249A)[J]. Journal of Manufacturing Processes, 2015, 20; 104~
111.

(18] FHme¥, HEE R4, 5. W75 75 2 1m BoR AE 5 w22 09 )
Mgy AT, JR3h 5 bk . 2013.32(12) 1 159-162.
YAN X L,DONG SY, XU B S,et al. Cepstrum analysis method
for surface acoustic wave signal time delay estimation[ J]. Journal
of Vibration and Shock,2013,32(12): 159-162.

(191 B, B 4 )R e, 45, TR0 & A b1k JR S0 FL 5t e s 6
Ik AR WU 241, 2015, 46 (6) - 372-378.
CHEN Y C, ZHOU X J, YANG C L, et al. Study of ultrasonic
testing method for localized void defect identification in thick sec-
tion composites[ J]. Transactions of the Chinese Society for Ag-
ricultural Machinery,2015,46(6) :372-378.

[20] TORABIAN N, FAVIER V, ZIAEI-RAD S, et al. Thermal re-
sponse of DP600 dual-phase steel under ultrasonic fatigue loading
[J]. Materials Science and Engineering: A,2016,677:97-100.

[21] DEMIRLI R, SANIIE J. Asymmetric Gaussian chirplet model
and parameter estimation for generalized echo representation[ ] ].

Journal of the Franklin Institute,2014,351(2): 907-921.

ELTH:EHEXARPFEAN LW H (51375493 b i E Z R &
BEBFH R — g5 H (KM201810011001) 5 3b 5% T 1 2% 15 Bl 3k 4 45 75 30
H (Lk]J2017-12)

s B #3:2016-11-09; 81T A #7: 2018-06-10

BIAEE EIWH (1974 —), Lo, 1 4 @308 0 58 0 1« P G 3 A
WP s TR R e I R AL AL I X R S B X5 T
TR 2E R RS LR T AR 2% B (102488) , E-mail : yanxl@ th. btbu. edu. cn

(K St %« 2 RA)



