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Research Progress on High-Efficiency Precision Grinding of Weld Bead

GUO Wenxing', HUANG Xiaokang', CHEN Huabin', CHEN Xiaogi"*
(1. Shanghai Jiao Tong University, Shanghai 200240, China;
2. Swinburne University of Technology, Melbourne VIC3122, Australia)

[ABSTRACT] The defects of welding surface seriously affect the subsequent processing and service of welded structural

parts. High-efficiency precision grinding is one of the key technologies to obtain high-quality weld surface. Therefore,

the research on efficient precision grinding of weld beads is of great significance. This paper focuses on the intelligent

technology of efficient and precise weld beads grinding, and summarizes the characteristics of welding beads grinding

and polishing. The development status of welding seam grinding and polishing intelligent technology is elaborated from

three aspects: Basic grinding and polishing principle and model, intelligent grinding equipment and force control algorithm

and high-efficiency and precise weld beads grinding based on vision technology. Finally, the opportunities and challenges

brought by intelligent technology to the efficient and precise grinding technology of welds are expounded, and the urgent

problems to be solved in this field are put forward.

Keywords: Weld bead; High-efficiency precision grinding; Principle and model of grinding; Intelligent technology;

Visual measurement
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Fig.7 Process flow chart of ultrasound-assisted multiple materials SLM™®
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Fig.9 [lllustration of the island scanning strategy during SLM process®”
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Research Progress and Prospect of Laser-Based Multi-Material
Additive Manufacturing Technology

WEI Chao, YANG Xiao, LU Shufen, CHENG Dongxu, GAO Xuehao, YUAN Ding
(Ningbo Institute of Materials of Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

[ABSTRACT] The extreme service parts represented by aerospace have harsh working environment, complex structure
and integrated functions. Multi-material additive manufacturing (MMAM) can meet the macro performance customization
and structure function integration in special areas, and has great application potential in nuclear, military, aviation and

medical fields. The main factors that influence the interface bonding strength of MMAM technology and the methods to
eliminate the defects are introduced. The different powder-feeding methods of MMAM technology and the advantages and

disadvantages of each powder-feeding method are introduced. The influence of process parameters on MMAM technology
is described. Finally, the current bottleneck problems of MMAM technology are summarized, and the main research

directions in the future are prospected.

Keywords: Multi-material additive manufacturing (MMAM); Interface bonding; Process parameter; Powder-feeding

system; Defect suppression
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Design and Analysis of Pulsation Closed-Loop Controlling Model of
Aircraft Final Assembly Line

SUN Jinhao', YANG Yi*, DU Rui’, ZHANG Xuemeng', LI Xingchen®, NIU Li®
(1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. AVIC Shaanxi Aircraft Industry (Group) Company Ltd., Hanzhong 723215, China;
3. Beijing University of Chemical Technology, Beijing 100029, China)

[ABSTRACT] As an important part of aircraft manufacturing, final assembly line, how to improve and stabilize
production capacity has always been a research hotspot. Based on the production capacity analysis of a transport airplane,
the alarm problems in the final assembly have been normalized, and a pulsation closed-loop control model of the aircraft
final assembly line has been proposed. The alarm type ratios have been used as the input variables of the control model,
and the load rate and production capacity have been taken as the output parameters. The neural method has been used
to construct the health status evaluation by analyzing the relationship between input variables and output parameters.
According to the production capacity output of the above state evaluation model, the production capacity prediction model
has been constructed using the Markov chain, which successfully evaluates the implementation of the production plan of
the pulsation final assembly line and gives feedback to the pulsation controller to achieve production pulsation adjustment.
Finally, the pulsation closed-loop controlling model is proved to be very effective through a practical design.

Keywords: Final assembly line; Health status evaluation; Production capacity prediction; Pulsation production;

Closed-loop controlling
(Dt # %)
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Research Progress on Numerical Simulation and Optimization of
Self-Piercing Riveting Joining Process

ZHANG Yue™?, JIANG Jiachuan®, PENG Ruitao"?, LEI Bei'

(1. School of Mechanical Engineering and Mechanics, Xiangtan University, Xiangtan 411105, China;
2. Postdoctoral Flow Station of Mechanics, Xiangtan University, Xiangtan 411105, China)

[ABSTRACT] As a new joining technology, self-piercing riveting technology has excellent joining properties in the
connection of thin sheet materials. The joint quality is affected by the feasibility of the connection and the connection
parameters, and the joint quality is mainly characterized by the mechanical properties of the joint, so the joint quality and
mechanical properties of self-piercing riveting have become the main research content. With the development of numerical
simulation technology, the application of self-piercing riveting connection technology has become a research trend. With
the development of numerical simulation technology, the application of self-piercing riveting connection technology has
become a research trend. The development of self-piercing riveting numerical simulation technology in recent years is
systematically elaborated, starting from the numerical simulation technology of the forming quality of self-piercing riveting
joints, and the establishment of the numerical model of self-piercing riveting, the study of the influencing factors of self-
piercing riveting, the optimization of numerical model and the numerical prediction model are explained, and the feasibility
of material connection and the influence of connection parameters on joint performance are summarized, the mechanical
properties of joints are simulated, and the mechanical strength and fatiguelife of joints are predicted, which provides a new
direction for the research and development of self-piercing riveting process.

Keywords: Self-piercing riveting; Numerical modeling; Joint quality; Mechanical properties; Failure modes
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Study on Digital Process Technology of Bolt Tightening Loading

Based on MATLAB-GUI

ZHAO Bing', LI Heng', OUYANG Weijin', CAO Chongxing', ZHANG Shouyang®
(1. Qinghai University, Xining 810016, China;
2. Nantong University, Nantong 226019, China)

[ABSTRACT] To solve the problem of large dispersion of tightening force in the tightening process of aero-engine

bolted connection based on the torque method, and to explore a more convenient and efficient optimization method of bolt
tightening force loading process, a digital technology of bolt tightening load based on MATLAB-GUI was proposed based
on torque method tests. A virtual bolt loading platform was built, and the virtual loading effect evaluation was carried out
under different lubrication conditions with the torque angle method as an example. The tightening force under the two
correction strategies has different improvement effects, which provides a new way to explore the optimization method of
bolted connection tightening force loading process.
Keywords: Aero-engine; Bolted connection; Tightening force loading; Digital process; MATLAB-GUI
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Assembly Precision Analysis for Rotor-Blade Structure of Aero-Engine Based on
Improved Jacobian-Torsor Model

DING Siyi**, ZHOU Wenbo®, MAO Xinhua®
(1. Institute of Artificial Intelligence, Donghua University, Shanghai 201600, China;
2. Beijing Chonglee Machinery Engineering Co., Ltd., Beijing 101111, China;
3. School of Mechanical Engineering, Donghua University, Shanghai 201600, China)

[ABSTRACT] Rotor-blade parts are the core components of aero-engines, which have the characteristics of complex
assembly structure and difficult assembly. Under high temperature and pressure conditions, the rotor-blade assembly error
is catalytically amplified, resulting in fatigue cracks and other failures, which seriously affects the stability and reliability
of the whole engine. For the rotor-blade structure, traditional variation analysis method cannot comprehensively consider
the complex positioning structure and the partial parallel relation, as a result of that a branch chain in the multi-feature
parallel structure is often used as a series relationship in a single direction. This paper proposed a variation analysis method
of rotor-blade assembly based on the improved Jacobian—Torsor (J-T) model. Firstly, the multi-stage rotational structure,
stop positioning structure and tenon tongue-groove structure were analyzed, and the assembly dimension chain considering
partial parallel relationship of the rotor-blade with multi-feature was established. Then the assembly joint surface of rotor-
blade was expressed as the deviation torsor based on the points contact form by using the incomplete positioning strategy,
and a united positioning reference scheme based on the positioning point system was established. Finally, the rotor-blade
assembly precision index and the solution method based on the improved J-T model was proposed. Taking the assembly
precision analysis for radial, axial and circumferential variation of the rotor-blades as an example, the calculation results of
the traditional J-T model, Monte Carlo simulation model, and the improved J-T model were compared with the measured
data. The results show that the proposed method has higher prediction accuracy than other methods. Compared with the
measured results, the error rate is less than 9%. A more reasonable assembling and connecting mode of tenon tongue-groove
structure was put forward.

Keywords: Aero-engine; Rotor-blade structure; Assembly precision; Partial parallel chain; Improved Jacobian-Torsor (J-T) model
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CAIl Jin, TAN Mingxin, LI Yunling, et al. Numerical and experimental analysis of surface integrity of additive manufacturing
vy=TiAl alloy by ultrasonic shot peening[J]. Aeronautical Manufacturing Technology, 2023, 66(8): 78—85.
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Numerical and Experimental Analysis of Surface Integrity of Additive Manufacturing
v-TiAl Alloy by Ultrasonic Shot Peening

CAl Jin*, TAN Mingxin', LI Yunling’, WANG Shuo', QU lJinglong®
(1. Shenyang Aerospace University, Shenyang 110136, China;
2. Central Iron and Steel Research Institute, Beijing 100081, China;
3. Gaona Aero Material Co., Ltd., Beijing 100081, China)

[ABSTRACT] In order to investigate the influence of ultrasonic shot peening on the surface integrity of additive

manufacturing y-TiAl alloy, and verify the feasibility of the finite element simulation model, the samples of y—TiAl alloy
prepared by electron beam melting are studied, and a three-dimensional model of ultrasonic shot peening is established. The
surface roughness and stress field distribution of ultrasonic shot peening samples under different shot peening parameters
are simulated and analyzed. The ultrasonic shot peening tests with 0.15 A and 0.25 A shot peening intensities are carried out
on the surface of samples by different shot peening parameters. The effects of shot peening process on the microstructure,
residual stress distribution, surface roughness and microhardness of electron beam melted y-TiAl alloy are revealed, and
the validity of the simulation model is verified. The results show that the surface grain size of the samples are refined, the
grain size gradient changes from surface to deep layer and the residual compressive stress layer about 150-250 um depth
is formed after ultrasonic shot peening. In addition, with the same projectile diameter, increasing shot peening intensity
can significantly increase the distribution of sample surface roughness. Under the same shot peening intensity, the increase
of projectile diameter can effectively reduce the sample surface roughness. The surface microhardness of ultrasonic shot
peening samples are significantly higher than that of non-shot peening sample (305HV). The maximum microhardness
occurs at the nearest measurement point from the surface, and the depth of the affected layer can reach 300-500 um.
Keywords: Ultrasonic shot peening; y—TiAl alloy; Residual stress; Surface roughness; Microhardness
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TIAl & 4 HA R R R oA i A o O,
AR S 1 e R DAL TR PR AR S ke B,
FHFWiZs & shblis e RS HURIR IR Ee i A, LASE B,
FAREHEE A H g &7, 2006 4R35 GE 2 F IR
¥ Ti-48A1-2Cr—2Nb (y-TiAl ) & 41 F T GEnx fiii a3
R AL 5 PR s ¥ i Fr . 2014 4 CFM 24w
BEH] TIAL 5 4:1E R LEAP RAHT ALK shFLiv et i
ERE BRI AE AT /D 15%, LEAP-1C & BhfLE %35 T
AL C919 KL, 2017 4FvEE = %A RIS TIAl &
SRR IRAE I F 2T PW1100G 5148 352 il K. Bl
FIIE T LAWK, TIALS &R EREH A -
B BRI M E A &R T .

TIAl G4 PR 2 R T IV IE 8 22 9k
N SEEIPEAT © e FAL G0 hn T F A e L v HAT 42 4%
T S N A TR A I, 2352 BN I OB ME BR Ay
JSE 150 A AN Syl IR A v bR B0 sk
AR ( Additive manufacturing, AM ) A & T4 1 % 7
B, SRR LA AR R ST B, A e B ok 4 s
AR, B S A B AR 3 M, Avio
7y A} 2012 AF 4 E TR H P R BE X fk( Selective
electron beam melting, SEBM &5, EBM ) #& A il i Kk R
SHLZS A Ao Toh 25 ™3t e T EBM 5 3 HL%
AR AL S R R RE, 45 R, EBM il %5 0ikE
L EUE H AT H0 1) AMEE . Baudana 25 M 4
EBM AR AT B OB AR & & 21 H e g 5 M ih =z a]
DRAFRF IR HIES T2, AM BUE M TIAl A 42
FERL IVER R 5 7= A= LB P 2445 B B, Guo 45
& i TIAL GG 7E AM BSOE LR, 88 e i % 40 88 e
SRR TR AT 7 KRRk A B () T, (A A 1
T TIAL A 4t 5 7 LR 2. Lavella 45 ™7 4 it 389 44 4
TERRAR T R HE Sk 1 sh [l B RS TRIFST , B H S0 i A
5N J1 43 A A, Srivastava 25 M & IR 5 AM IE
TiIAl G AUURRZ RBE I, 3R A0 0 71 2 R, Hai K
BE VB B 22 3. AM 4 J8 BUE i A8 v e T AR A
PAlEET I ES S i

A7 E HL( Ultrasonic shot peening, USP ) i i # AL
Ao v o SRR (A R I R A N TS AL, B
NG 7, B35 15341, 2 4 2 AR b g 55
Al U0 Kumar %5 PRS2 I AR A AL AL B AT
D7 A e ) 2 T RS S A R B3R A TR N J1)2 , R R
)2 07 A AT LA S0 A T RSy J o, A
T HE A G MR BLI% 97 PEfE. Zebrowski 25 P2 /3 #r
T HER 1 TiBAIAV A & iR FEmE LR S 2R 1 LA SR
AR, 485 SR B B 3 o 0 AL A B s RO E AL A B A
PRI , 5525 LA FURURE BE R AR R R R 52 5

HU, ZPRALIR B AR B R0, 2 TR BE RGN 5 R
FALAG IR GLSE  S ARRE 43 4 v T 24 42% 1 30% 5 >R
FHPZE 3R 5B, rhram B34 T 3.7% il 4.2%.
Yang %5 P X R[] R AL FE T y-TiAl &4 9% 55 1 RE 1
T30, RS 22 0, WAL BB | A B B8 4% 1 71 2080
TR R R SO GL S BB, 5 5 T U A 55 1
e e o7 2440w HE e

HR, 160 B4 41 5 5 y—=TiAl A& 4 75 5 ML 1 58
BRI /D AR SC LA FHUE AR £ 1Y v-TIAL &
SREE AT S, HTAG BRI B 75 W LR R
J185 53 A5 B R RS BE R4 TEUE 08T , R FHAS TR AL
ZHOFIRFER I HEAT 0.15 A 1 0.25 A W FhIGE AL BE 1Y
P AL, 4B 7R AL T 200 B T I AL v-TIAL &
S OIE S SR A 7 40 A 3 iR R b folc o i 25
FEIASEHEME R R , IR AR (44 350 o

1 hERERMES

5 5 B B 0L B rh y=TIAL AR RO 342
50 mm x 60 mm x5 mm, .50 R 5} 2k H 0.5 mm x 0.5
mm x 0.05 mm, PI#%ZEH 8 C3D8R, ik s ALIE I %
B AR A RRAE DX, SR P TR R i 2., il T B A e
it B8 HUAE i 3 v A XA v A A i N BE AR 70
mm, & & 7 90 mm; y-TIAl X AE %5 Jy 4 glem?®, iR
Jitt JIR 5 5 A 450 MPa, SPER &5 160 GPa; 3t AL AL
k1 Zr0,, HE K 6 glem®, AR Sl 208000 MPa; JikE
3k 5 RN GCrl5, % N 7.8 glem®, AR N
210000 MPa, 7 I AL A g AR R s e A, ST
ABAQUS/Explicit #3745 4 EDEM B it
AL BRI e T B DR ZER A
FHTE B ASHIPKE 280, K2R R (57 B AN foh 77, ¢
FEfl v Rk 15 | A BROTHU v 3Ol s
PRB R ANIRL R, A [BARTE {5 FEIR AT 5 i
LA SOHAD R A PR T SEBR AL S s =
BEELREDGH , AN Z R AR R . xRk &
FEL o AUAIR S A E % R, 350 20 kHz,
FAEALAT ELE I N (RS AR | A O 5 E UnIE] 1 FIs .

2 WBEMESAEE
2.1 y-TiAl B&IXEEHIF

F I F AL (EBM ) £ R 145 y=TiAl ( Ti-
48AI-2NDb-2Cr ) A5 4, By AR A BERL 2 45~150 pm,
HAb 2 g 1 s B, I A P o B KT p
F¥% Ti—48AI-2Nb-2Cr &4 MK B T 120 CHEZSHEE T
AT TR AL B, DA BRbn AR R 7K 4, G5 B - RO 1k
AR TR AR R S R AR AR AT . SRR
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PR 25 1) y-TiIAHABDTEI AL 4 41~ 20 mm x 10 mm x 5
mm BYEEE, 23 AR IC R Sy\ S, Ss. Sy, MKURT 240 H
400 H 600 HEPACE AFE DI B I TS 20 B U ER .
22 BEBAIKLE

EBM y=TiAl 20 3R 11 H 7 M LA S 68 75 W HL 3R
gt Eibdr, i R G R ANE 2 iR, BAEBILAS

IR R AR AT

BRARI ]
A6 £

§$3‘L

A itk
(a) 4 B RO ) (b) #usefiry

1 BEBAGEEREIREE
Fig.1 Schematic diagram of ultrasonic shot peening
simulation model

®1 Ti48A1-2Nb-2Cr A&MRUZH S (FRES#) >
Table1 Chemical composition of Ti-48Al-2Nb-2Cr alloy

powder (mass fraction)™” %
Al Cr Nb Ti
48.13 | 1.88 | 2,01 | At
TS R4

F LR MR R A A R AR S o R AL =
. BRI R 2R 220 V A2 LA 20 kHZ 3
FEIRG R 5 5 Hene g /5 IR 55 e 40 AL
PR3, 2 A BRFF RO, A% PR3l 3k 7= Az A I A 88 7
3l PRal kB ALTE s 2= N B o) 5 SL b s
N A R 1 T8 M ALSR AL . SR AL R R SEUTh B P A
B, 6 B2 A 1250HV, B A B Almen i F B9 9K EE(E 3
ﬁﬂmiﬁi&o SHERGT AL AR B W AL AR R 1

PR, EBUILEF T R T 1.5 mm 2.5 mm
Eﬁhﬁ AT R LIRSS, 4845 0.15 A.0.25 A i fp
WAL L, AR R R 26 Ak B 50 e 7 7 (WAL 35 %
= 98% ), IRIVS I T A28k 2 s .
23 FREZTEMERN

K MIRA3X-MHX 54 HL 7 I 3l B W 28 i AL
AR R O S ; A1 STIL 23 % MICROMEASUR2
2 ik 2 1T = A 8 B ASCRAE R TR I T 25 N e e i
YRS RIS SR ADRLRE B, S DR B R AL 2R T R 4R
TSR, e 28 75 I T Uk Je B ORI, 2 1 s s ) 35
oM 0.5 mm x 0.5 mm, KB 0 1 pm, Z J7 4
#E 0.05 um; FIFH IT-H6-B Tl H, 1~ i il s WL g ms AL
HIRIRFERHIES; K LXRD %I X SR A7 S Hr
FRAYI F1 A GO0, AL 358 F CuKa, #7753 471 148°, %
o 2 TR A ] DX 30 1) S B 5 A a5 G 00 2 1 5 4k 17 7
(1), A s vk 1047 R0 2 Ab B, 22187 5 A4S 05

BOLfE R = R

LR R
EBM 372
________________________ ke
o BRANLIIMPa | B
o R EBM TiAl ifkE

ABAQUS{I; M

2 EBMy-TIAl BEBIARE T EE R SHERR TEE
Fig.2 Schematic diagram of surface integrity test and numerical study of USP EBM y-TiAl
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T % 5 0, 3000 1) B A 200 w3 5 A0 S — U — A
23 W 7 X ARATURE PRGN 1] 1 T 43 A 0 5 SR
HXD-1000TMC/LCD Zfi [G I A & 1 de 4R M ALK
AT P2 ] S R AR A O, 7 4.903 N R 3R VR T 1
7 10 s, NEEES )2 0.1 mm AbJFAAI&, IH+Ha]FE 4 0.1
mm, 15 SRR 2 P UL PR R AR A AR L

3 WEIRMESRS T
3.1 7-TiAl & &BERIILMN SIFEE S

Kl 3 WANF TS HGE R WAL y-TIAl & 4 iR
AR AN 185, AEBUERARI T 2050144 S, . S, Ss. S,
BB WAL T 2380, 4 Fh T 2SS 800 0 9 o 7 5 AL
SEAE(S; S, M 0.15A ;5 S;. S, M 0.25 A). RIEFRANL
TG40 TN F1AR2S,0.25 A BEILSRIE T S, S, ibkE
KHTRAEN 15 T 015 A M S, S, ik FER TN 7.
TE R Jey 0 10 2k IX 3 T 1 0 R RO AR TE, BIA
FRASPLI 7, KT T 3820 B A LT R iR A% TR o
WAL A ) R I 59 T I SRR AR R N T BRI AT
AHEE 0.15 A BEAUSR B, 0.25 A BEALSR B N 1 2k 4k
N 11245 -70 MPa 25 & -130 MPa. #H 1 1.5 mm i,

®2 y-TIAIREBEBATZSH
Table 2 Ultrasonic shot peening process parameters of

vy-TiAl samples
. '/ [ | |

=i b | BOLEAR | OB/ SREE ) | R/
s | UL R mm e A o
S 15 0.15
S, 25 0.15
210, 500 > 08
S, 15 0.25
S, 25 0.25
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3 AEEBEBHIZSH FRERARRE NSRS
Fig.3 Distribution of residual stress on sample surface under

different ultrasonic shot peening parameters

K 2.5 mm 5L 2% 5% A% R N 7 7E AR LSRR
(0.15 A.0.25 A) 73342 60 MPa .40 MPa, 2=
U T DA RRARCII % S5 A XSS A MR H1 AT TE
BRI AL BT, B4 I s8R 5 AR X 1) 555 3 50 ) P
B,

4 (a) it 7 4 Pl A WAL T2 RETF y-TiAl
e FE M R IR AR RN I HME, £ S,.S,. 5. S, T
ESHCE W 2 1 A ] DX 353 500 B 5 A4 s A ) iz
JHMECE 1), FR1E N 15365 3129/ -575 MPa., -513
MPa, —650 MPa . —615 MPa. M L5 & 55 L B AR A1
TIREEARR T 0 2 {0 A7 1 25 AR B8, 7 0.15 AL0.25 A\ i
FUBEJE T, R A 1.5 mm 5L EE 2.5 mm 5L IRRE 2 T
BRAY I S YIE A 54 7R 2 12.09%.5.7%. A EE 0.15
A ISR AR S 3730, 0.25 A BUILGR T 203 5
16.2%. Mt FUoi B 4 i T DA iR 28 i R AR sk A TR
I 7 S5, FE AR [R] A AU T ek /N AL AR T AR
TR T SE AR AR RN I 5B . A L o i M AU, 7
BRI ALR FE T, SR /N AR SRR oo 3 1 5 A TR S g
YR E R R,

4 (b)Geit T 4 MHEFBALTZ T y-TIAl 54

800
700 F
575 650 615
B 600 | 513
= 500
N
= 400+
_F:
Lg 300 F
& 200 F
100 F
0
S, S, S, S,
ENELFIE
(a) FIEFRAN H1
0.4r
IS L
E 0.3
e 0.22
IS - 0.19
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Sl SZ S3 S4
NG S

(b) FRANL I JZTRIE

4 REHRENMOMERNNEREST
Fig.4 Statistics of surface residual stress and residual stress
layer depth
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RFERER AR RN R IR E YA HE S,. S,. S5, S, T8 5
BOR, X iaRE 2 1 AR 7] DX 5 A4 1 JE T A28 R ARG 0 7%
RN SEREE . 5 R MER A R 143 A BUEEAR AL,
AL 5 AL AR PR G I REEAER T B 4 o7 0 J2 R
BB EREE . 76 S,.S,. S5, S, TSN 3 AE
W JETREE PB4 5129 0.15 mm .0.19 mm.0.17 mm.,
0.22 mm. Ak 0.15 A BEALERFE , SR H] 0.25 A BEALGE &
T EERAY RN )RR E R S 2 14.7%, 7E 0.15 A,
0.25 A W ALHR JE T, A EE 1.5 mm $ifHL, SR 2.5 mm g
AU FR A N 7 J2 TR BE YA 43 3 =5 26.7% 55 29.4%.
W% AL 58 JEE 0 8 g ] DI S I y—Ti A PR R A R N
JZ B TR, A RIS LS B, B gL BLAR T DL AR v i
3.2 y-TiAl &&BEB AR EEE S

FETA B CAs B Ab B R v LS S B, 4
P12 T W (B B MISTC VR BE (RS . I 5 41l T S,
S,. S;. Sy BN IRFERIHIRE B R, BI(EAEUE 45
Bo AFEEAWOILSECR, S~S, i R, BIE /350 1.2
um.0.6 um.1.4 pm.0.8 pum, M5 AL 5 55 08 AL T AR )
JNBEAR T R, BB B AR . AHLE 0.15 A EILaR
B, 0.25A WL E T R, BB HE R 2 22%. 0.15A 5 0.25
A IR JE R, A HE 1.5 mm 3§, SR 2.5 mm #AL R,
{853 FFAR 2 50% 55 42.9%,

4 HEERSITIE
4.1 y-TIAl & & BEBALMMER DT

1 6 SN N[l AL S 8T U A T Y SEM &,
FE S, S, S Sy R )Z BIRZ MW Sk R 24
Ak, 3T 3 2 ok R B R/, 2R 2 X R R
B 1710, 2 B 7w RUA B R0 2 2 P A i ) 2R v
AN SO K R H A5 B A4k, T 1R 75 AL Atk 41 Ak
Z. 58, S, ML, S\ S, kiU ZTREE R, &
HH 2% 2 DX I T A T A s L 8 ) 1 T i s f %
ML T SR AL 2R
42 BENANT

& 7 R A W ILAL B IS EBM 45 19 y-TIAl & 4
IRHFE S0 S, Ssu Sy BRASIY ST BEURBE 43 AT . 8 R WL,
FE R AL T AR AT RS =Rl BT A A A%
TP A il A BERE R, A SR E Y
25| R A, 7= A VR TE RS IR IR S T I
B2 R AN, SR AT I , 2 8 B34 0 X5
PN T] o WAL PR R R R AR AR RS R A s
F AR AR 1 5 A S AR AR RN T R P I LA 3 | AR
FIGERAER 1, 4T T EBM 455 | EE s AP 77
B OIS BRI S, S, S, Sy RIS
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Fig.5 Roughness distribution state of different ultrasonic shot
peening process parameters
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Fig.6 SEM image of sample section after ultrasonic shot peening
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Fig.7 Distribution state of residual stress of samples with depth
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B PR AL R v, SR B R VE ke R
R MERE R BEE TR E XN, fe i R B i i i
TS , B B 4% R 1 B /N e R G 1) Bz
A AT LUE (B 7)), B A R I ) J2 UR 29 150~
250 um,

Xif EEANRIE AL S H iR 2 58 A0 S A i i
R TR AN 7 5 WAL B 2 I A G . AR AR
[N S1 A G, 4 AL RFESR A% 18 77 Bl TR 43 A ALK
FOHTE] , KN B A 2 )2 2 10~20 pm 4k,
Wi 5 ) VR R RN, 7 T3 sk, 20 0 1 e A g
TR AR ETE TAMPa

S,~S, IR IR A N 1 Z TR 435129 0.17 mm,
0.22 mm.0.19 mm.0.25 mm, "% AL & 0.15 A.0.25 A
ZAF T A LT 1.5 mm #OL, SR 2.5 mm AL AT AR
AR S EREE 7 B 5 2 29.4% . 31.6%., AL E S
1.5 mm.2.5 mm /4T ,0.25 A B ALGR B REGR 4
J1Z S 0.15 A 43 34 = 29 11.8%.13.6%. 455
FEH, MR LB AR AT, Bl WL B R, R
AN AT RGN [A)— WAL B, B gL AR
AL R SRR N, 455 BT B BT R,
5 AR (1 5000 5 2 43 31 R 11.76% ,13.64%,10.53%
12.00%, BI7E SR VF R 2230 BBl N, ik T SR F AT PROTAR 7Y
U E 7 W AU A% N 2 R A R
4.3 FREMERE

K8 (a)~ (d)4ilk 4 Ml R miALSH(S,. S,
S;. S,) MAHERMZUIES . ALK AL A
HE i, Rk 2/ NS N 5, WAL IR
= 98%, kB . KK 8 (a) H(c).(b) H(d)
X E AT, [R]— 5L EAR T, Bl W RUBi 3 A 38 i, o7
T AR PN TUI A B B 3 2 | T YR AR TR AT T 345
550.15 A BEALTR AR LG, 0.25 A WAL B AR RE 2% 1A

e

(a)S,;: 0.15A, 1.5mm

L A

(b) S, 0.15A, 2.5mm

(c)S;: 0.25A, 1.5mm

(d)S,: 0.25A, 1.5mm

8 MBEBIHIREREHR

Fig.8 Surface morphology of ultrasonic shot peening samples

FREALIN R L3 S, vt 1 1 L
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Fig.9 Three-dimensional profile of the sample surface

20234E 55665 5810 - RS EIA 83



,—‘? N »
H[%lex RESEARCH
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SR AL A S )R 2 T A A A AR BH 8, o B AR fe
FERE R MR T 2.5 mm #ULmE LR R, A TR
TR R TR ROUL RS PR 2 A 72 1 6 AiE , #1 FH SPIP ( Scanning
probe image processor ) {4+ S WLZEAG ) X duk 1) TH KL
R, A5 S,~S, 1R Y T AR (8539914 0.61 um ,0.53
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T, B WAL B 0 36 0, ke 2 DHLRES B2 3% K, 5
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HUALAT 2.5 mm SRR R, A {E 53 il 42 5 29 10.07% .
35.62%; [A]— M AL BT, 35 0 s b AR A AU
FERTTHIEE S ,0.15 A 1 0.25 A ISR EE TR, HI%ET 1.5
mm #AL, SR 2.5 mm L ERE 2R T RDRE JEE 43 0 B AIG
2 47.48% .35.29% , i S Ky UL B AR RO, whfy 220K
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SRR AR YRR R DN, 22 L 2 R b s B N R, % TR
BT, S5 G A BRIThr Bt a5 R (18 5 ), ff HAR
HR P TIN5 2 Bl (=2 [ 1) 152 22 43 51 A 13.67%
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44 RYEEST
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Fig.10 Surface roughness distribution of ultrasonic shot
peening samples
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43 9135 F] 435HV (427HV (483HV 471HV, 4 A B ALK
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FUEARX AL Z R A 50 . 0.15 A Fl 0.25 A T
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5 45ig
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JEZR 0.6~1.2 pm, AH[EBRALE AR, $2 M LR
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Fig.11 Distribution state of microhardness along depth
direction of samples
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JEE AT S 2 B A 2 TR REDRS B YA A 43 A1 5[] — WAL
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Numerical Investigation on Tensile Behavior of Unidirectional SiC/SiC Composites

REN Jinwei', SONG Youhe?®, XU Jie?, WANG Jianhao’, ZHANG Fangzhou?’, LI Aijun®
(1. Xi’an Aviation Brake Technology Co., Ltd., Xi’an 713106, China;
2. Shanghai University, Shanghai 200444, China)

[ABSTRACT] It is important to understand the damage and failure mechanism of unidirectional SiC/SiC composites
during tensile process for mastering the mechanical behavior of SiC/SiC composites. In this paper, the tensile behavior
of unidirectional SiC/SiC composite materials was investigated via a two-dimensional microscale finite element model.
The random fracture process of fibers was simulated by strength judgment; The interface debonding phenomenon was
modeled using the cohesive zone model; A continuous medium damage model for the matrix was established through the
uniform mass method and fracture energy release rate, specifically targeting the phenomenon of matrix cracks. The model
successfully simulated the microscale failure mechanism and macroscale mechanical behavior of unidirectional SiC/SiC
composite materials in a tensile process. The three microscale damage mechanisms interact and eventually caused the final
failure of the entire composite material. The results obtained in this paper might deepen the understanding on the tensile
behavior of unidirectional SiC/SiC composite materials.

Keywords: Unidirectional SiC/SiC composite materials; Tensile behavior; Finite element simulation; Matrix cracking
DOI: 10.16080/j.issn1671-833x.2023.08.086
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Fig.14 Failure state figure of the element at each tensile stage when
the interfacial shear strength is 120 MPa
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LIU Yunxi, YANG Yi, HUANG Tao, et al. Effect of solution aging heat treatment on microstructure and mechanical
properties of a new ultra-high strength titanium alloy[J]. Aeronautical Manufacturing Technology, 2023, 66(8): 93-99.

EliAR A X FH BB SRSk S £ AN 1= e R =2 N

NEELE BLE OELE OWLBFE OB ELRLKRE
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2. s T B iy R AL T Ak (SR ) A FRAAE]), P 723215;
3. M Tk X %, /4% 710072;
4, 58 A HOA PR F], %% 710299)

[FEE] AT —H# A Ti-A-Mo-V-Cr-Zr % #2 5324624, AT T Bl it L 2 3t 3 R R An i By 52 46
%k, R EW, BRAE B ‘;;,éfrﬁy RAAIR AT A o ABFe AR B ABLLAR, B ST AL G, R R B A o
A8 e ?“éi SR ERERAE o480 BEEALLAR. NABESE A FHEY AR E MANKRENORS, Lot
TRE T, M 23 A B, & 520 C Hj‘»'ckﬂfwﬂﬂf FFL5% 1508 MPa. & IR 5% & 1439 MPa. 2E4% & 7.6%, LA
R ATAY R E A AR IL B, EIROR IR (K=1) 48] 2 B 5 M AR 3T, L P AR 27 A FR % 868 MPa, T A3 #h 3t T
F2A R A ARARHIE F A

KR AR SRS EIAN L, B, RWBM, AR

Effect of Solution Aging Heat Treatment on Microstructure and Mechanical Properties of a New
Ultra-High Strength Titanium Alloy

LIU Yunxi', YANG Yi’, HUANG Tao®, ZHOU Lin", CHEN Wei', LI Zhigiang", ZHANG Chenhui*
(1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. AVIC Shaanxi Aircraft Industry (Group) Company Ltd., Hanzhong 723215, China;
3. Northwestern Polytechnical University, Xi’an 710072, China;
4. Xi’an Super Crystal Sci-Tech Development Co., Ltd., Xi’an 710299, China)

[ABSTRACT] The effects of solution aging heat treatment on the microstructure and mechanical properties of a new
kind of Ti-Al-Mo-V-Cr-Zr series ultra-high strength titanium alloy were investigated. The results indicate that the
microstructure of the raw material consists of equiaxed or short rod-shaped primary o phase and matrix B phase. After
solution and aging treatment, the microstructure is composed of primary o phase and transformed B phase with a large
number of secondary a phases dispersedly distributed. Otherwise, the aging temperature has a significant effect on its
mechanical properties. With the increasing of aging time, the tensile strength and yield strength of the alloy decrease and
the plasticity increases. Under the condition of aging treatment at 520 °C , the tensile strength is 1508 MPa, the yield strength
is 1439 MPa, and the elongation is 7.6%, showing a relatively good match of strength and plasticity. At the same time, the
room temperature smooth ( K=1 ) axial high-cycle fatigue performance is good, and the median fatigue strength is 868 MPa,
which can provide data support for promoting its engineering application.

Keywords: Ultra-high strength titanium alloy; Solution aging; Microstructure; Strength and ductility; High cycle fatigue
DOI: 10.16080/j.issn1671-833x.2023.08.093

20234E 55665 5810 - BT REEIA 93



,—‘i. N »
E:I:%Iﬁx RESEARCH

Bl B — A0 A AT e R AL S5 R
F= b R A e RN A5OR S T ) B ek R, T A
g g At fe E s R e R AR Y |
HIER SR A B 7E RALPLIRSE R A 0 FH B R 414
RO il LR AL L TR K R A i
TIieE HH B o B AL A e R B ) —
Bihnik, MRS SR NS RN A
FUL R S5 5 S g i B P A7, R R AR A s 4, mT Ak
— IR KM A SR 1 Y LR SR A R RIOR , S
MR ESCRE Y, mimsk S 4w REd EA 4
Al S I8 R ok 1100 MPa, A FH Tl i o 3 R i 52
PO ERCR R IR, ERT, 2R B N FH ) i i ek
&4 FEAFE Ti-10-2-3, Ti-15-3, p-C . p-21S. BT22,
TC21 FI Ti-5553 45 B4

VTAESR , BEE L2 R Tl X sk & 4 1 7R
St B E ), AH SCHIF S BRA AR T R T 1300 MPa 2 £
Z O R G ) R AR S e O A R
TR A Al B AR A AR S TL R ) A A 2
LLEA TR TR — W - BIE LR AR
UFVC LA AT T, AT LSRR & 4 i 3 A5 Gt e i vy
FHF a8 7K 1R 44 T 3RA5 B R s EE A4 25, S R Y
IR RCR, B EEA R

ASCERF B W A —FPFr R Ti-Al-Mo-V-Cr-Zr
VA B AU sk 4 T R [ VA R #, X H 4 40
AP RR A2 A TR, DA S B R A 11 5
SHPEDCHLD , SRy T AR AR AR AR S

1 WERAE

IR 2 B W —Fp B 7 Ti-Al-Mo-V-
Cr-Zr 2Lt bW Aa B AU = om ek & bk, H s i
PRI ER LR, 4 3 KBS A RRIE SR AR AT B e, i
T B AR I AR A /N RS BB . 3 o 4 AR T A5 S A
RHOFAS SR 2000 815 °C, & 1 M JE AR B 2H
20, A e R IR ) A2 o AEANSEAR B AHZEL AT, AH L
THRBRYIA o M, SFRPRYI A o M R ZE, RTY
1~3 um, S5

Xof SR A R AT [ B Ak A B R 6 BLR S8
W2 Fim. il &8k A 4 4 AR, M Leica DMI
5000M 2 b (Ui X LA T S A USR5 0. 7
Zeiss Supra-55 FAH HL T W i s £ L A 2R =
TEPLARWT 1 BUE SR E T RAE S 08T .

K4 GBIT 228.1—2010 { &)@kt Ffidss 55 1
B4y AR Tk ) JF R E AR I, ROk A
F IR £ R AT 3 IRPLA IR EE , 4R 5 SR IO M8 5 K3
GB/T 3075—2008 { 4 J B4 Ak 92 57 1 36l 1) 7 42 1) Jr

94 Wiz MG A - 202345 665 581

R1 HKEESMBHUERS (RESH)

Table 1 Chemical composition of titanium alloy materials

(mass fraction) %
!/ [ |
Al | Mo | v | cr | zr
4 | 5 | 6 | 3 | 1

1 FEMHERAR

Fig.1 Microstructure of raw materials

R2 HKAEEBRFNHLERE TR
Table 2 Experimental scheme of solid solution and aging treatment
for titanium alloy

]
%' IR /°C. 2L /°C BT
1 790 — —
2 790 500 AC
3 790 520 AC
4 790 540 AC

) PR EIR 2SS IR T RS e g JE 9 9 R, gk
W%k 100 Hz, W 1 ol R=0.1, | K 1K BT
700~1100 MPa Z [, 3% 95 A fiv#E ) 1 x 107 A I 2% g1
WK, RHTEEE T BEAEE 30 50% 2040 F iy E
P 7 PR o A 5T I R Y 7 2 vk s RE ln & 2 By
7N o

2 #ZR5itE
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e 3 Fan . P 3 g LT 07 A 85dhs i R O R b
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PrPrsm EE 1A F) 900 MPa LA I, Ji il 55 i 423 900 MPa,
IR . RSB 1A 4 B B SR )
I LA Bt I S . 7E 500 CHELUS 18 bt hism i
e, i8] 1500 MPa LI, JiE AR5E EAE 1450 MPa LA I ;
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Fig.3 Tensile properties of titanium alloy in different states
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Table 3 Room temperature tensile properties of titanium alloy in different states

G HihiiRE R, /MPa JR ISR R/MPa iR A% WT RIS A5 % Z1% BPEAS L E/GPa
914 892 95 39 86
1 907 891 10 36 77
930 918 115 36 88
1533 1459 6.5 23 125
2 1498 1466 45 23 120
1549 1479 6 20 132
1505 1432 8 31 133
3 1503 1431 9 45 125
1517 1455 6 24 132
1424 1373 7 18 119
4 1421 1377 8 48 106
1446 1390 6.5 24 121
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Fig.4 Microstructures of solution-aged titanium alloy
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Fig.5 Tensile morphology of titanium alloy at room temperature under different heat treatment conditions
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Fig.6 Typical morphology of high cycle fatigue fracture of titanium alloy (850 MPa, 576300 cycles)
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ORI T W7 — SRR A E (P 6 (a)) 5
JE 92 57 280 A 1 R ph SR AN R ) S A AR
B AR, BB —E R R S BOREUE, SR
oA (6 (b)) s REHAR, LR S7 4800 '
B N R 6 (¢)) 5 7EWT I L RERE LA BISE A
AN B AERE . FRUE TR X 11 R T B
L RURE T B8 55 2B 2R B0y AR, 2k
J7 1) JLT-3 B 7 [ 4R e, LRI R RE R, B
St A B T DX, 32 DX AT SR ) A SRR
FHIE(E 6 (d))o

3 #ig

(1) B EWHRIAH 8 Ti-Al-Mo-V-Cr-Zr & .44 B
R Rk A 4, HUROM R 2l 20 h A5l sl s Ptk i
WAL o MRS B AHLELAE , 28 790 °C [ .520~540 °CHi}
WAL , B W AE o FHRIREU MG B KRR AR
o FHIY B AL AR ZUA A

(2) I 2508 B8 X A 4 10 7 27 1k RE R W 55k I
o ARSI AT, 78 B 790°C .500~540
°C. S 2 5L B Y L B s S R i T v, A e
BET R, SR D) Sk A, LT B R 5
43 5 B 500°C I &S 1Y 1527 MPa 1468 MPa | [% &
540 °C I 415 1Y 1430 MPa . 1380 MPa; /5 i K 2
500 “CHF U 4 5.7% 34N ZE 540°C 13805 B9 7.2%; Wi
T W47 R 500 C IR 1) 22% 34 il 25 540 °C 1 4L
J5 By 30%.,

(3)7E 790 °C [#%5 .520 CHI AP SAAE T %44
BT 58 B ok 1508 MPa, Ji Il 5 52 oA 1439 MPa., Wi 5
i 7.6% , WA A 8k 33% , HAT 3L (s 3Pk
VERL, HEREH (K=1) flim & Ji 9% o5 P ae s ar,
H I 551 Rk 868 MPa.
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100-109.
FANG Xiang, YUAN Ke, ZENG Jiamin, et al. Preparation and high temperature performance of rare earth oxide modified
zirconia/PtAl thermal barrier coatings[J]. Aeronautical Manufacturing Technology, 2023, 66(8): 100-109.

W SRS / R R ERH & R E SRR

F omL,E WLEEHgLEFHLE BLERELE BLAFELBEEES
(1. F BACLH & 3 AT 2P, 4kl 4120025
2. W FMETAMR K FMAAF S 2425 1%, b7 100191,
3. b TALE ALK K F A7 L&A FH AR FH AR, 3w 100191)

[HE ] 4R B L RS L ARt B A DZ125 5 DZ406 & i5b-4, TR T # £ 84ty okt BALEE | bh4a 34
Mk BRI & T LR B SRR AT . KA B Pt A ARS4E 0 T L4147 PtAl & B R4 B, BT R T 45 Pt
WAL R RS Pt BB VA RCEAS B R L L AR R B L M Ao iR 3 R B AR 0 e AL . AL
)G 6 ik B T4 4 &0 PLAl 645 B 78 1150 °C B 69 3 B AL AR 7. SRR & F R 4h 2 A 4882 (EB-PVD) f£ PtAl
b2k R BB & T M L AL B0 BALES (GYD-YSZ) £ A E. W GYb-YSZ F= PtAl 4% 49 # %4 E £ 1050°C
HAEER 4320 K (1050 CHRIZ BT E] 720 h) J5, A B R @R AT, AL AL ENL, R W ZAFRAERRALER
3 0 HAE R

KSR B A L B O BACAE ;AR B FUBALERY s MAEIRIE AR

Preparation and High Temperature Performance of Rare Earth Oxide Modified Zirconia/PtAl

Thermal Barrier Coatings

FANG Xiang', YUAN Ke', ZENG Jiamin', HUANG Zilin', WANG Qiang', GAO Yuyi’, YANG Qian’,
HE Wenting®, WEI Liangliang
(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China;
2. School of Materials Science and Engineering, Beihang University, Beijing 100191, China;
3. Research Institute for Frontier Science, Beihang University, Beijing 100191, China)

[ABSTRACT] Aiming at the DZ125 and DZ406 superalloys used in aero-engine turbine blades, a thermal barrier
coating system (TBCs) consisting of the rare earth oxide modified zirconia topcoat and platinum modified aluminide (PtAl)
bondcoat was applied, and the preparation process and high temperature performance were studied. The PtAl bondcoat was
prepared by electroplating platimum followed by vapor aluminizing treatment. Effects of key process parameters such as
plating pretreatment, thicknesses of Pt, and aluminizing temperature on the microstructure and high-temperature oxidation
resistance of the PtAl coating were studied. The results shows that the PtAl bonadcoat prepared by optimized process has
excellent oxidation resistance at 1150 “C. On the surface of the PtAl bondcoat, rare earth oxide modified zirconia (GYb—
YSZ) ceramic topcoat were prepared by electron beam physical vapor deposition (EB-PVD). The thermal cycling lifetime
of the GYb-YSZ/PtAl TBCs at 1050 °C is beyond 720 h (4320 times thermal cycling), indicating that the GYb-YSZ/PtAl
TBCs have good performance.
Keywords: Thermal barrier coatings (TBCs); Rare earth oxide modified zirconia; Pt modified aluminide coating;
Oxidation resistance; Thermal cycling performance
DOI: 10.16080/j.issn1671-833x.2023.08.100
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ki A SE A A K S AR SRS TAER il R
B R RN A TR A P R, T B AE N L A SR A
|- i £ B 74 )2 ( Thermal barrier coatings, TBCs ) ™,
TBCs AEMEA R F i e ik R (AR RE 11, $2TH & shdll
TR TARERCR, R KR & shbl a2

TBCs — i F 42 JE@ K45 )2 AP e 2 PR o f i, H:
T & JEALES 2 TR P& 2 LA S £ 22 ), ik
WA 4 5 0% )2 I Ik RO TR B IRE g N RE F7, 4
SARG S AR E . BT EE IR 2 2R 45 2 N H
BTz —RRY RN E , A AR )2
8§, Cr., Si. Pt il + 45t R kiR 2 =5 5 —28 2
L R JZ MCrAlY (M A Ni, Co 55). i Bk
WRIZEAR R - e AR Rt 2 IT 248
% SERG ez G EACELY B A kD
FCARFHAR ST BRAL AR B (o S5 i, BT LA SR AR Ak i
JETE IR IRALIREE R 5 &A% B Pt aR e
WZ(LUT iR PALERE ) 5 Si fil Cr sebE 451k ik
JEMHE FURE Dl RE AN R A P R AR B s - B
5 MCrAlY &2, PAl IR EA H T8 15 s
PR AL PERE , AR 2Nz B B

SRR R 2 B A LT 5345k 6%~8% Y05,
WA E 1) ZrO, (LA T fEFR YSZ) HA KA ry i
PERE AR RE RIS PR RE , R R LB P
I YSZ SARER)ZG) 2 N TRLAS & shHL R e 2 fn
HoAh R . (HJ2, IR R LT 1200°C, YSZ W2
PRSP ARt AH ) 438 , [RIEH s [ f 3i T AR 3 3
SAURZBORAR , B 2 FLBUR AR, SR 0, bR
PUSCR T RE, R AS 25 PR R [, 042 5 R Rk
U, 455 YSZ WRZ I ¢ AR RS M SR R PR
PR BE  YSZ BB IR 2R IR AE ) O SCEE B,
HMB 2058 & BAE YSZ B 2B Y,05 SN HABFS +
JCRECR HZ TR ILB % Zr0, it W R T 2
P v AR U ARk FNAMBIT R T £
Tl 0 B 8 A4, e A A £ 25 R AL B 9 A
A BIEEFIA A AR AT A ) B SR 25 AL B )
2 o245 sl AR HE, 2200 AL B 4k

ZrO, B )25 YSZ Ji=#PEREAHIT il 48 T2 M o, [] st
Lt YSZ P AT AIR, RS 1 B e, HA A AR 3
Fh. B, T RIS, AR SCRH BB 24w B R
SR 1% B Gd,0,-Yb,0.-Y,0; $£4% Zr0, (LI R fiifk
GYb-YSZ ) MPRME R 2 i B bR A2

Hp, AR 2 AR S AR T EUE R EE T
W5 (APS) FlHL T o4 BES AR DA R (EB-PVD ).
5 APS #iltt, EB-PVD V2 EA W = N AR IR , 15
AL APS TR Z 4R 8 i ThZ R, IRIZ Pt
Ak FTINEERE LT IRZ R B LIRSS AN
AR s 2R AT A R T, AR TR
Rt By s sh Jisg ks P

R, A SCR Y PAL IR 2R 0 & T8 R 45 2, R H
EB-PVD il & GYb-YSZ & ka2, g8 Al il 45 T
25 PtALIRJZ P B AL TEREAT GYb-YSZ/PtAl #4545 2
HIFIEIERE , R — R AE A 2 A sl AL 3R i 4 i
FRAL F A b Tt 25 BEA

1 WRRAE
1.1 E#E

RIS H A AR B BRI =R A 4 S 505
DZ125,DZ406; fb2= i 1 F 2 Fiios .

KL EE DZ125 5 DZ406 FEAA G4tk T
i @14 mm x 3 mm B5 4l A, B E 2 TR 200 H
TERY , B 2 0.1~0.3 MPa, Wi 5 (i RE7E A
AT AR AT RS TR 2 min, B R ER S
AR P I A IS, P 2538 PR AR A T — ki
VEIPH IR I A AR Atk rh 5 H
12 REHIH
1.2.1 Ash4edbst B &

K HLYE T 27 DZ125, DZ406 ik i L8 — 2
3~5 um JEEE K PtJZ. BN TORIESE)ZZE A .
PSP RUTRRRCR, PR HEAUATR R M TE 2K Q
LR Z, H B TR Y I e 80~90 °C. HLEE SE UG L 1E
850~1000 °C T X4 21T 2~4 h A $AAb 3

Pt 2 A FE5E U K CVD SAHB R, X TB

K1 G&EEDZI2S LEBS(RESE)

Table 1 Chemical composition of DZ125 alloy ( mass fraction ) %
Ni Co Cr W Al Mo Hf Ti € B
At 10 8.9 7 5.2 2 15 0.9 0.1 0.015

F2 AEEMEDZ406 LFEHS (RESHE)

Table 2 Chemical composition of DZ406 alloy ( mass fraction ) %
Ni Co Cr Ta w Re Mo Hf B Cc
i L E=11215 6.5~7.0 6.0~6.5 4.8~5.2 DISE65 25782 1.0~2.0 1.3~1.7 0.01~0.02 | 0.08~0.15
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TR RIS R T et S T AL T 523540 (1)870°C /
10 h, #i 4 DZ125 1 DZ4A06 &4 (1) isf S50 I 3 i [ 1
7, LGRS Al R B 5 4 AR R 122 PERESZ A 4/ 5
(2) %8 R 1050 C il Ikg BB iR B R R
(B4 ECh 49%Fe ) & 48 +NH,CL I AL IR 6 8
Ko

122 GYb-YSZ M& &4 &

W) 2 B T2 A RE S BB 2 B R R A3 BN T% 1Y
Gd,0;. Yh,0; Fl Y,0, BAUNE ZrO,e KA
KK H EW A EB-PVD %4, 7E PtAl )2 R i
GYb-YSZ F#%EHZE ., T2 380n#k 3 iR, RIUH
TRIZZ 00, T B ARG S5 2 A TR Wb G AL P, mERD
JEJ3(0.3+0.1) MPa, Wb 5¢ i K 1URE 78 T K rh
FRANEE
1.3 MEgEMRA*®
131 RER AR X

Z: 18 HB 5258—2000 {4 M i il 5 4 b A Ae Pk
W G 7 ) 223K, R A BERL i GSL-1600X 75 i
Akt PAL IR JZ ST 1150 °C /100 h #S Ak sk
HIRIWT AR B — s i TR] SR ARG o0 107 g 1Y
LA N O N R A W = i A R VL R VAT TR AS T
T, ARAT IR E ARG T X R 9 3l g2 i 2k .

1.3.2 RAVEIRHEEE M K

K e A R o B e v 2 R A T R 2 A
Arillid . 78 1050 °C F A 10 min, ZJ57E XUBEH T
R 2 min ZEHE L 10E 1 IRPEH . A 100 IRTEIFF LSS
— MIRFERAE ARV . AR)Z R IRE 15 R,
2 0 7% T AR T SR PR R, 9 AR (2% 2 mm
NERAN) B 5% BRI R 2R 2%, %o W R 4 PR U 0CA 120K
FERIEIAFir; WIETTRIZR KA RIS  YRSLAE A .

14 REFE

] X AT XRD, DIMAX2200pc ) %}
WRZ VAT AR E 534, A 37 S A 4 L S e
( SEM, InspectF50, FEICo, Hillshoro, OR ), Fit A g%
( EDAX, X—Max, Oxford Instruments Co. Oxford, U.K. ),
XA i () 2 1 BRE HEA TR R o o bT . S B Ak
HJE BRFER) XRD #0di . SEM i /1 S8 AL AS [R] B[]
S SR AR B AR AR A3 AR THOURIE B 8 A1 O LA

%3 EB-PVD §l% GYb-YSZ RENRMIESH

Table 3 Deposition parameters of the GYb-YSZ coating

by EB-PVD
) H o X
ey | BT HESGRIE (| K/ WIIEN it
R . i .
W /G (re min™) Pa B A min
GY‘;]):}ISZ 800~950 12~15 ~10° 1.0~2.0 40~60
Nz
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FARAEE 13 2 AR , AT TR 2R A0 e i 4
TEPERE

2 HZR5E
21 PAI REHEIZML

1€ DZ125 bR A PE%1 5 um, $54A)5 1050 °C .4 h
H2S AL B, JFAE 870 CCHEAT 10 h SAHB AR T2 il
% T PLALRRZE 2 X 48 419 PLAL IR 2 7E 1150 C i
57 100 h (A A AR , URE i -2 AL B EE 2
0.79 mg/cm’ T 1 mg/em’, K 4i HB 5258 Al 4| 142
KB T SE ARG ] B, nE LR, RIE AT
TEFLI , MR PEFLIR BT AR 57 B mT 43 A2 . 2R 1 ZAE IR
1PN LRI E 2, 0 TR AR A A L, N SR
5T ) 2 TR RELRS P88 2o s e, P 4 e Mt b e
ARSI B TR 2S5 5 5 2 R B 7 3
L E 4 FiR, 76 PALRZ S & 8T BN B 8 X 5
Ga R R AL o OSSR — R B T A B
FEHE AR L AN HO TG R B HGE R 25 5 8
IR IR R LI, 25 TR AR 2 R B B P M B AR R
R BEFLI

JRUR BT S HOARE T E & 2 (a) s, K
FAMERD B NS R MY 10 s 46 R BE MRS 5 s,
IREERY BN A 2 (b) Jis, X He al 0, 45 J6 b i
Je AR AR T A 8 A s SR T ) L i B o>
(i) -, 158 BH 1 2 A LT ff S 2t TR 00 4 3R T
BT R R 5 B2 (c) Rmifib & 1 M\ 0.3 MPa [
K3 0.1 MPa J5 il FE A i 5 A #H . XTI 2 (b) 5
(c) AJFUE b 1 BA 0.3 MPa 431 0.1 MPa %42
MITOREEF TLF-JCHE M o T R ib T 2580k 0.1
MPa J£ ) T REHEmERD 5 s,

L & T PIZJE RS 5 um A3 um
AR, FECRIE LA T A S B0 R 45 R XTLE T Pt
JZREEXT R EHOWIE SR s, E 3 (a) el LIE
FILEWR)Z IR R AL S50 i 45 AR/ T 1 mm 14125
LI, 7R J2 5 AR B4 B XA o 2 Ak D 2 4 o
BAMEEAE 2 mm 2247 R RGHLIR 5 K3 (b) i sh

/Mﬁl \MEZ
ISR e e R i) T et Ll Sl o g
: B2 /e pdalaEs
ﬁﬁs/ e

B 1 DZ125-5 pm-870 “Ci& 4Rk H & ASHE
Fig.1 Cross-sectional morphology of the as-prepared
DZ125-5 pm-870 °C sample
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3 (AR R T D0 A DL FLATR , 15 1 o8 PR A e I A S
AR TR ik R AL A

1F DZ125 JE4Ak FHEEZ IR 5 um A9 lFE 43 51 R
H 870 CLEIR 10 h 5 1050 “CARR 1.5 h B9 T2, 53201
PtAl il 2 AR m ANl 4 . AL TRE 4 (a) s 870 «C
BN, B 4 (b) TR 2 Y 2 RS B K,
HAHLLT 870 °Ci545 10 h,1050 CE 44N 1.5 h ik kE
BRI J2 T TR Uk 2 o A A DX o T AR /0N, LA I v
TS EA R R R AL . (EJ, AT LR BUR
iR (1050 °C ) B8R 1R J2 3 THDRLRS B2 R, A AT
WEIEEE, I, £ HZA 4, miIRB AR (1050 °C ) IF
AT E

FEF LA FEE R, 15 DZ406 & 4 30K il g AN A
T A& T PALRZ . il & S mm an &l 5 s .
X DZ125 & 4R MR PALER)Z , 7] B IIEARNFS 4
AR A PtALRZ &S NS RIERZRE
WRTERZESH T 220N 835, Ui A 4 FE R iy ig s Xt
A PALTR)Z B RORZEF A KA

b7 N [ e S o VAN [ = B ] T B e
A3, B ARRE A BE T I 5 IX IR 5 R 41 40 S AE ,
B NI Pt AL 3FITER G AR 4 s, ATRI4S
T A48 PAL 2 Al DT & 1 7E 50% + 3% AY7E
RN, AHZE AN (H AT URER 2SR FH 1050 °C iy B 40 1 ik
FEAR T HAL S % T2, BA s 9 Ni & &, 1 ALS

ik

XHB AL G R EE T XRD 4307, 455 an1&l 6 Firs .
EA R 4 PR AT, TR TR T2 4 1Y PLAlL IR
2R (—PtAL+p— (Ni, Pt) Al SUAHZEH . RE T 558
il £ 1) PtAl 42 XRD WA LA — 3, AU AE ISR A f
DX, T I J2 0 A 2 BB AR — B, (R A 45 A AR X 5
i A X ], Hi DZ125-5 um-1050 CEB4HRFES
DZ406-3 um-870 CIB 1 IFE Y PtAL, MEtAH & E R o
22 PAl REMELEEEAR
AR IR AR R AR R VB R IR B PR T T RS

En

(b) 0.1 MPa-DZ125-3 um-870 Ci&41
3 AEEHEEHEE PAIEE

Fig.3 Cross-sectional morphologies of PtAl coatings prepared with
different Pt thickness

(c) 0.1 MPa/5 s-DZ125-5 um-870 “C&41

2 AEBR I ZRH&TS PtAl BiH
Fig.2 Cross-sectional morphologies of PtAl coatings prepared by
different blasting processes

.
-
-

10 pm

e Sr ke

(b) 0.1 MPa-DZ125-5 ym-1050 “Ci&47
4 AEBBREHES PAIHE

Fig.4 Cross-sectional morphologies of PtAl coatings prepared at
different temperatures
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10 pm

L= 1

(d) DZ406-3 um-870 Ci&4H

R4 HES PALREEE Ni Pt A TRERL(FEFHE)
Table 4 Ni, Pt and Al contents in the as-prepared PtAl coatings

(atomic fraction)

JCR A
DZ125-3 um-870°C 54
DZ125-5 um-870 Ci&48
DZ125-5 um-1050 °Ci&45
DZ406-3 pm-870 Ci&44
DZ406-5 pm-870 Ci& 4

DZ406-5 um-1050 ‘Ci& 4

Al

53

51

50

53

48

48

R
.

Pt

12

13

13

10

(b) DZ125-5 um-870 CiB 4

-
"~ o g
. ”© a
-8 -
-
10 um 10 pm
— BT

(¢) DZ125-5 um-1050 CiB4

(e) DZ406-5 um-870 CiB4H

3 -,3_{:.);"}."4:-'.-,-,.-: 2y I:,' .'Lﬁ';:‘i 3 ! ¥ . &Y
s e . - \ - *
i < /
1~ »
" =
10 pm 10 um
[ el

(f) DZ406-5 um-1050 “Ci&4H

B 5 AREMEHED PAI EE

Ni

25

25

34

23

27

33

.T DZ406-5 um-1050 “CiB4

.o

1| DZ406 5 pum— 870 ‘Wf?%ﬂ

AN

Z406 3 um-870 °cx»‘*%u

AN A/

D2125—5 um-1050 °CE4H

l‘ DZ125-5 um-870 G54

+ PtAl,

* NiAL T .. .
- .-I_!.J
S
- L
> W
2
(<53
=

i T e
Mk || IR 8 A

A

|. DZ125-3 jum- 870 CiBH
|'|

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
260/ (°)
E6 ARZEHEIZHENRE XRD Bif

Fig.6 XRD patterns of coatings prepared by different

aluminizing process
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Fig.5 Cross-sectional morphologies of PtAl coatings prepared on different alloys

BEEARR R 2 A L] e P i, H 028 S A i 2 S 4 )
A5 0 2 U 2 AR 5 i, TR B R IR B B Rk
PERER: 32 B, PR G R[] T 201 4 ) PEAL IR 278
1150 CHHATHUAALTEREPFAL AN LA, S A0 B 2R 200 he

DZ125-5 pm-870 “C& 4141k 100 h J5 YR T
FH BCR ARG X S N 7 R, JC AN 5 R
gk 4 PAl 12484k 50 h 541k 100 h J&5 5 XRD % ds
(& 8 #1 9), AT A FE A AL 100 h J5 F i E b Y) F 2
ALO,, AN SR HFO, 2B B, R & I IE 2 i A1
Ao [RFR T 2500 45 B9 PLAL % 27 04k 50 h J5 5 Ak
100 h J5 ik XRD Wy b3 X 5], (HE 0] LR R
#15) B- (Ni, Pt) Al 7 20 il 44.3° IELE 41k 100 h
Je REGT B U 55, kR RO Rt B R R AR T AL TR
HITSFES B- (Ni, Pt) Al Y43

DZ125-3 um-870 °C & 411 ik A . DZ125-5 pm-870
CHEIRFEM DZ125-5 pm-1050 °C B4R AL IS 1Y
BRI AN 1] 10 . o] DL AR T B HEFO, 22431

7 DZ125-5 pm-870 °Ci&4RikHE 1150 *CE AL 100 h K.
HERAEILEX
Fig.7 Surface and cross-sectional morphologies of DZ125-5 pm-870 °C
PtAl coating after 100 h oxidation at 1150 °C
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# 5 DZ125-5 pm-870 °Ci&4£8ikt i 1150 ‘CEL 100 h BEIE ST LR ( REHE)

Table 5 EDS analyses of DZ125-5 pm-870 °C PtAl coating after 100 h oxidation at 1150 °C ( mass fraction ) %

(A= (o) Al Ni Co Cr w Ti Ta Pt Hf
A X | 43.0 | 49.4 | 0.6 | 34 | — | — | = | 0.5 | 31 | =
B X | 34.2 | 22.7 | — | — | 0.1 | — | — | — | 3.4 | 39.6
cx | mm | — |ew | = | = | = | = | = | = | su
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v Ni,Al = HfO, v Ni,Al o HfO,
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Fig.8 XRD patterns of PtAl coatings after 50 h oxidation at 1150 °C Fig.9 XRD patterns of PtAl coatings after 100 h oxidation at 1150 °C
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Fig.10 Cross-sectional morphologies of PtAl coatings after oxidation at 1150 °C
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Fig.12 Cross-sectional morphologies of PtAl coatings on DZ125 and DZ406 alloys after 100 h oxidation at 1150 °C
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Fig.13 Cross-sectional morphology of PtAl coating on
DZ125-5 pm-870 °C alloy after 100 h oxidation at 1150 °C
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Fig.14 Photos of samples coated with GYb—YSZ/PtAl after thermal
cycling at 1050 °C
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FIX AR Fo4tdy, SRHIH], EAF4F, 4. 9310 $ER A8 HE G 4P I FRALIK A 1 Ty By ot H45 BB [I]. Mz #liE R K, 2023, 66(8):
110-116.
GUO Minzhi, DENG Mingming, JIANG Tingting, et al. Numerical research of shot peening residual stress field for 9310
steel spiral bevel gear[J]. Aeronautical Manufacturing Technology, 2023, 66(8): 110-116.
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SR 1, IRRARE 0, EIEEE 2, X = 2, BT °
(1. P BALK P AR AU A F 8], K i) 410200;
2. PHRFHMAEL LA ERRE E LT, K 410083)

[HE] thmTifFFRERTD = A RREE IR GRS A6, RBRERE G X BRI, st
et e R @mER NN, AT ERTE A RTAREW 7 Rk —Fh s s vt T L S AR, A
LR 5RI R IR E A 10% AR, RAARR T EA TN E @A AR A 5. AT ZAER, A AISI 9310 A4 52 5% 4
FRAFRA L, T TR T EAHUE RA BN GRAESR KA, BRI, AR T E A Hom T (1)
ALY 2 B & B 50 um N e R AR A1 (2) R ALE E F A 200% B, TR0 B R A ik A R, R B AR
BR8N (3) B ik A B RP FH AT, Feti bk B R KX AR ik RIRAR RS /) IR JEAFE 2
3, L RKEAES HIETH 53] -1251.5 MPa, R K EAE L R E TR &E] 40 pm. A 569 %40 A it
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Numerical Research of Shot Peening Residual Stress Field for 9310 Steel Spiral Bevel Gear

GUO Minzhi*, DENG Mingming", JIANG Tingting®, LIU Jinglin’, TANG Jinyuan®
(1. AECC Zhongchuan Transmission Machinery Co., Ltd., Changsha 410200, China;
2. State Key Laboratory of High-Performance Complex Manufacturing, Central South University,
Changsha 410083, China)

[ABSTRACT] As a key process for spiral bevel gears, shot peening process induces residual compressive stress field
on parts surface and improve their fatigue strength. In order to accurately calculate the residual stress field of the tooth
surface after shot peening, we established a simulation model for the shot peening process of spiral bevel gears, which
based on the coupling of discrete element method and finite element method. The errors between the simulated results
and the experimental results are within 10%, which means the model can predict the residual stress distribution well. The
correlation law between the shot peening process parameters and the residual stress distribution of AISI 9310 spiral bevel
gear is investigated. The results show that under the processing parameters used in this paper, shot peening mainly affects
the residual stress field from the surface of the target to a depth of 50 pm. When the coverage is 200%, the increase of
shot diameter and velocity works little on the surface residual compressive stress. The maximum residual compressive
stress will increase to —1251.5 MPa and the depth of maximum residual compressive stress increases to 40 um with the
increase of shot velocity and diameter. The residual stress calculation model established in this paper provides a tool for the
optimization of shot peening parameters of spiral bevel gears, and makes the process calculable and predictable instead of
the trial-and-error method.

Keywords: Spiral bevel gear; Shot peening; Residual stresses; Discrete element method; Finite element method
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Fig.3 Modeling diagram of coupling of discrete element method and finite element method
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Fig.5 Diagram of coordinate system of shot velocity changes
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Fig.6 Schematic view of impact model geometry
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Fig.7 Three-dimensional surface topography of tooth flank after shot peening
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Fig.9 Influence of shot peening time on residual stress results
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Fig.10 Influence of shot velocity on residual stress results
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Fig.12 Simulated residual stress of target impacted by different shot diameters
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Microstructure and Mechanical Properties of AZ31/LLA141 Friction Stir Lap Welded Joints

LEI Zhutan', WU Bingbing®, WANG Jin’, GENG Jiayuan', LIU Gang®
(1. Jingzhou University, Jingzhou 434000, China;
2. Nanyang Institute of Technology, Nanyang 473004, China)

[ABSTRACT] In order to expand the market application range of friction stir lap welding in magnesium alloy dissimilar
materials, AZ31 magnesium alloy and LA141 magnesium lithium alloy were welded by friction stir lap welding. The
microstructure, microhardness and shear tensile of friction stir lap welded joints were analyzed and tested by means of
optical microscope, Vickers hardness tester and universal testing machine. The results show that when the rotation speed
is 1800 r/min and the welding speed is between 80 mm/min and 120 mm/min, the friction stir lap welding of AZ31/LA141
had sound joints without obvious defects. Under the same welding process parameters, the grain size of the upper layer
AZ31 and the lower layer LA141 in the thermo-mechanically affected zone on the advancing side are both smaller than
those of the thermo-mechanically affected zone on the retreating side, while the grain size of the heat affected zone on
the advancing side are larger than the grain size of the heat affected zone on the retreating side. When the welding speed
increases, the grain size of the thermo-mechanically affected zone on the advancing side of the upper layer AZ31 and the
lower layer LA141 decreases accordingly. The microhardness values of the upper AZ31 and lower LA141 weld nuggets
have different trends. The former increases first and then decreases, while the latter tends to increase. With the increase of
welding speed, the tensile shear force of AZ31/LA141 lap joint increases first and then decreases.

Keywords: AZ31/LA141; Friction stir lap welding; Welding speed; Microstructure; Mechanical property
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Table 1 Tensile shear test results of lap joints under different
welding parameters
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120 1475.6 + 13.6
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