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Effects of Composite Strengthening on Microstructure and Mechanical Property
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Abstract: Aiming at the problems of increasing in dimension and reducing in mechanical properties caused by the aluminized
pollution of the turbine blade tenon, two composite methods: water grit-blasting + vibration adorn polish and water grit-
blasting + shot peening + vibration adorn polish, were put forward to handle the samples. The effects of the two composite
methods on the microstructure and mechanical properties of K403 aluminized samples were studied. The microstructure,
element distribution, phase composition, residual stress and the fatigue life of the samples handled by the two methods were
tested, respectively. The testing results show that residual tensile stress exists on the surface of the samples after aluminizing.
The thickness of the aluminizing layer is about 27.3 pm, and the main phases of the aluminized layer surface are beta-NiAl and
alpha-Cr. After water grit-blasting + vibration adorn polish method, a residual compressive stress of about 360 MPa is
introduced to the surface, and the fatigue life increases by 1.49 times. After water grit-blasting + shot peening + vibration
adorn polish method, a large residual compressive stress is introduced to the surface. The residual compressive stress at the
distance of 0.04 mm from the modified surface is the largest, about 686 MPa, with the stress depth of about 0.2 mm. The
fatigue life of the treated samples increases by 3.44 times.
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Table 1 Main chemical composition of K403 alloy (w/%)
Element Ni C Cr Co w Mo Al Ti Fe B
Content Bal. 0.11-0.18 10.0-12.0 4.5-6.0 4.8-55 3.8-4.5 5.3-5.9 23-29 <20 0.012-0.022
Element Ce Zr Bi Si P S Pb Sb Mn Sn
Content 0.01 0.03-0.08 <0.000 1 <0.5 <0.02 <0.01 <0.001 <0.001  <0.5 <0.002
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Table 2 Sample grouping of different treatment method

Group Treatment method
1 Aluminizing
2 Aluminizing+Water grit-blasting+Vibration adorn polish (Process 1)

3 Aluminizing+Water grit-blasting+Shot peening+Vibration adorn polish (Process 2)
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Fig.1 Schematic diagram of vibration fatigue specimen
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Quter layer:

“Innerlayer 1

= “Line scanning

Substrate

10 jtm

(a) Cross section

Inner layer

Substrate

Counts

Outer layer

10 20 30
Distance from surface / pum
(b) Line scanning

K5 HEIEE 2 EDS 204

Fig.5 EDS analysis of cross section of the sample



30 b B xR T LT IR

2018 4

WRLREAL Y BRI Al TR S BART
BRZE, TESETEE 6.91%, HXTBHZEN
JE TR 65%, BHNBRE S HARZ RIfETER R
(IERITCR IR REIE ; Ni JCR BRI 510
PESIRGSEATHE R, SEICR
Al ZIER y'-Niz Al M AL Ot R, A RIR
HEFH AL, 4 20% HEA y AR, R EER
EAVEHT, T 80% M Al L E 5 Ni Tt E B i
NisAl, PEATUUEsRIL. Al JCREXFUTTERRALI/E
HERIE R y M, I EEE Al TR SR,
Y AHECE RGN, DAl A s AL L 0 o .
W, Al JCEBIMABAS T y' 4 45 0 F 191 i
£, B Al TR SR, AlJTTEHM NI tE
PEA y AR BRI £, i H Al A 4o
Ti. W. Mo S50 EIEA yHRECEI N, ik
— RN y AR ECR DD R A R A AR .
B AL SR, WAy y ZRIAS R,
T H T A TR (A X E, 5 1R v R A A

I AR, AT SR i R o

24 FEHRBWLER

it ANSYS {5 FAf E AN 7] oman=420 MPa,
I S 7 o7 ) A AR S5 IR B, LA R
b BT B ARRE B 55 F o ANRLRAS R AR )
P57 AN 3 iR .

ME AT LLE 1, B 0% 55 Bl
3.46x10°, 43FHUE N 0.010 7; BELHKIKI+RS
Hetfi (Process 1) B &AL B 97 55 Fan it = 4
VA%, 2B R 0.014 05 B458+K KD+ LI
AR BNEM (Process 2) 5B A AL AL BIRAES 55 75
firh 15.35%10°, BRI 2 3.44 15, /3
JEH 0.010 4, Z5RFM, 3 FhALEE T 20 0 80E
BIE L 95% BAGREE . 1R2E 5% W&, A
BAE R 55 A i, RIS B8 + /K WD + I L5
IR S E AR A A9 55 MR 1Y B = HLAR
PITE N

®3 TRLEAEAHNESTES

Table 3 Fatigue life of samples with different treatment methods (Cycle)
Treatment method Fatigue life/10° Average/10° Dispersity
Aluminizing 4.10 2.80 3.47 3.37 3.56 3.46 0.010 7
Process 1 6.31 10.21 9.85 8.24 8.44 8.61 0.014 0
Process 2 14.89 15.13 19.30 14.68 12.79 15.358 0.0104
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