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Synergistically Double-Sided Friction Stir Welding

LI Wenya', TANG Yishuang', ZOU Yangfan', WANG Weibing®

(1. Northwestern Polytechnical University, Xi’an 710072, China;
2. Beijing Solidwel Intelligent Technology Co., Ltd, Beijing 100089, China)

[ABSTRACT] Synergistically double-sided friction stir welding (SDS-FSW) is a significant variant of friction stir
welding (FSW). The problems of large deformation and time-consuming of traditional FSW are greatly suppressed by SDS-
FSW. SDS-FSW has prompted considerable scientific and technological interests due to its advantages in welding large-

sized and thick plates or profiles. At present, the research and application of SDS-FSW are still in the initial development
stage, and relevant research results are mainly limited to 6061 aluminum alloy. This paper provides an overview of this new
technology, including its development history, technical characteristics, typical research results and application prospects.
The aim is to provide a reference for the further development and engineering application of SDS-FSW.

Keywords: Friction stir welding (FSW); Synergistically double-sided FSW (SDS-FSW); Aluminum alloy; Microstructure;

Mechanical property
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Table 3 Error of quantitative characterization of damage

B BORIEX, y)IMm | epine BN Imm? Eﬂq\ﬁzﬁ/
5 P mm LA 2% mm
5 (40,55) |(41.7,55.1) 1.7 400 399 1.0
10 (40,55) |(41.9,55.2) 1.9 400 400 0
15 (40,55) |(41.9,55.3) 1.9 400 400 0
20 (40,55) |(42.0,55.3) 2.0 400 395 5.0
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Quantitative Identification Method of Composite Material Delamination
Damage Based on Distributed Optical Fiber Sensing and U-Net Network

WU Zhanjun', DONG Shanshan’, LI Jianle?, ZHU Mingrui’, ZHANG Shicheng’, LIU Haitao’,

SUN Liang®, LI Hanke?, DONG Zimai’, XU Hao'
(1. College of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, Ching;
2. College of Mechanics and Aerospace Engineering, Dalian University of Technology, Dalian 116024, China)

[ABSTRACT] Structural health monitoring is a crucial approach for ensuring the safety and integrity of composite
material structures in aircraft. Distributed fiber optic sensors based on backscattered Rayleigh scattering provide data
support for composite material damage monitoring by measuring high-density strain distributions. However, the mapping
relationship between structural strain distribution characteristics and damage is complex, making it challenging to
accurately determine the quantitative information of damage based solely on strain distribution. Additionally, the large volume
of data from distributed fiber optic sensors makes manual analysis of strain data time-consuming and less accurate. To address
this challenge, an intelligent damage identification method based on distributed fiber optic sensing data and the U-Net neural
network is proposed. It aims to automate the precise identification of common delamination damage in composite materials.
Initially, training and validation sets for the U-Net neural network are constructed through finite element simulations.
Subsequently, cantilever loading tests of composite material plates with delamination damage are conducted, and structural
strain distribution data are collected as a test set using distributed fiber optic sensors. The damage identification results
demonstrate that the U-Net neural network can accurately quantify the position, size, and shape of delamination damage.
Keywords: Structural health monitoring (SHM); Composite structures; Distributed fiber optic sensors; Deep learning;
U-Net neural network (Digw # %)
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Table 1 Types and advantages/disadvantages of unsupervised learning algorithms
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Research Progress on Machine Learning Methods in Structural Health
Monitoring of Composite Materials

JIANG Xiaowei, ZHANG Wenjin, LIU Ling

(Tongji University, Shanghai 200092, China)

[ABSTRACT] The use of fiber reinforced plastics (FRPs) is on the rise in aerospace and other high-tech fields, owing
to their high specific strength/stiffness, design flexibility, and corrosion resistance. Structural health monitoring (SHM) is
therefore crucial to ensure structural safety. Recently, machine learning has emerged as a promising approach for SHM
of FRPs. Data-driven methods that employ machine learning algorithms have shown higher accuracy, robustness, and

efficiency in SHM. After the brief introduction of the machine learning algorithms commonly used in SHM of FRPs, the
applications of machine learning in SHM are reviewed mainly from the following aspects: Damage pattern recognition,
damage localization, and damage degree recognition of FRPs. Finally, the future development trend of SHM based on

machine learning in FRPs are discussed.

Keywords: Composite materials; Sensor; Structural health monitoring (SHM); Damage; Machine learning
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E1
Fig.1 Principle of impact monitoring technology

b Bkt bt 8 P AR A E A T
21 WBREMEMEHEEN
211 *HER

B 250k TR AT, & R R
g e a2 PO B A%
JER R o YR 1 LA 07 O AR T
et R , il A R T
R E phai O B o FEIX STk
o i IS = Ak B EaE
FH T 4% 1 [l 1 25 48 B i o T 4% 1]
SR LR E A A RS R
SR SRR IS I 1) 0 T AT
I, Kundu 25 P2 5ok = 4 vk ik
A7 7 ek, i 1S T & S
BRI AN TG B4 7 L
AN, XRS5 P T [ I
BB ALl R 4 )2 A AR L p IR
5= b b 2B R e T
DEREBE o 3T 1k 27 1)) 1 Mg 7 N
55 B R EE X DL AR BORS
THE 7 0% 35 I ] 2% , 5 300 FH A7 31 PR
il

i [] B2 2 1 A AR S R N T A
FEGA IS m iR, IF B AT R AP
UM PR RE RN R AR, xS
T AL RE 0 B S M SR I s
WEIRE SR e R Rk, JaE%k
7B R R AT B IR) 2 5 SR A R A
E RN E . RS PR AR
BRUNEE T Lamb AR EE
P FE TR A 0 R FOLRS) (] 2 e
RENG I, Wl YL & it
A7 i A 3R N AG R B v 6
Miniaci %5 P9 % Ji& T & T i ] J2 %
TG B 4 S0 2 1) b R 6L
J7 s 2T AN BT A SRR T

_______________

SR RO B R

SR AR R RIE

TN s AR A rhas A . ASad b
TR V) 52 3 5 B T S O T
LM T 2P I s £, AN
) T 235 ) o MO0 5 3k 1) TR 1
Ho
ZHEF TR BT e AR oL
ST NN CRe = L Y5t o
(IR PRSP g | A S
A 2R RO R R
{5 5 G5 125 (ARG RS 723 (8] (1) 1E
A N 1 A T ) A
Bo SR, 1207 R Vs e
FHRE A, X B 28 A2 SRR AR AT DX 3k 11 ot
THRUE A EE R . At i s 5 2
WY T —FhIEFHEIEEI N 2 Hi5 S
AL AR REAS S BR WEN X 45,
I A AL AR
R 2 R, e S g T
DI EEXT A A
SRR T e 2 R4y
WG G RIS %05 5 I S R e
1, il R R e R S 52
FA5 5 2 [ AR LR B 5 vh i
K A AR IR AR T S ] 3232 1)
SENIKEIE . Jang % PR T — ik
TR b 7 B RS vk, LAY
A E S 5SS E 5 NI R E
SRR T wp b, AE B R
FHEEEN AR E 4 BRI R
whi 7 B Liu 25 B — b AL
R I S R Y L A A 2 I
PR E R E . AR, B 5 R
P T ) 72 (S SR BT i (B
i, = 2% S HEN IR E KR,
SEBR T AR R 0 C A TRt
EAR FET AR e

RO, L, A dE A TR N 4%
(ANN)P3 Zeagis ) B 7 S )i
P22 2% GRNN ) B 28 i s 4%
(RBFN )™ iz iR~ S HLELM ) B39
SR ] SVR ) B e R 25
W2 ( CNN ) 2 S P AR g2 >
D7 LB Wi — s 2m 3 ) A B i
DM, BTk — A e e A
AL A BT U5 e A S B v o (57 U
4N, Ghajari 45 U whk B 1 9% )
SR AR A B ol A0 1R A
FrAE Rk i, 38 20 S HOR P12k
N T ARG A5 s i (1) 526 AR
AR T i ENL . A T MILER
) 5k R 22, Liu % B
P T —Fh T 2R RS R
R EEE, HR, X EIEN
MESAE T T R AR Y B S 454
4, T5 ST e R B 3 AN K 11
PIFEGEUR , A STy 1 H e LSS
BT RERH

iR 5 Bk 7 R AR S A
B g WL 3UT AR OR
[ ZEATE X, T B Li 6 75 R AR IR
AE NS AT B Y DX 38k DL RS [R] i 5 or
IR BB RIS ) b e
Dy TR RN
212 HEBETEM

— B T epd &, vl Ll R
AN [R) 9 B 1 — 20 o e o o 2 AT 1)
Ak E] R, 0 e v 4 U R
) R GRS SEEL T
SER P17 11 525 A R I 7 45 ) 1 o o 2%
AR EM . TR A A W T
L1 S50 1 Ak i, 1) i A )
1) A% 328 PR B30 ) 7 T SR A 235 44 1)
s, MFE R BT L s e
WA 77 35 1 1382 1 L Tikhonov
1E W4k 75 9 % . Samagassi %5 1
PR T —Fp 3L T AH G ) ML vh
i EE T, XN EAEFZIET
ANt EPER R AR, I8 RENS A B
A upid . s, E 2 i,
Zargar % U2 )37 Fl—7Fh CNN-RNN 22
FXE NSRRI T o 12 W, 2

20244F 5867 & 130 - i MEEEAR 43



- . .
—— Ix oru

P 5k B A I 204 v 4[] B FH e
o o7 A BT I EE A X AT
FEAEHE T B FALGE 0 oo W R S
TE 2R f R W T 4Tk ) A e . [RIRS
Zargar % U R — R LT A B B
IR 2 11 0 S T v s, el o B T
MR R ER/ie 77 (27 W (1R Lik FhYa
EATpE T s R R) R T
) b ERS FE 93%.

i B B ] DU R SR o
Ak fr A, whh R B TR B
T Z5F IR AR | AL A
PriA . Wu 25 B R T R T
Fe ) 5 1 s BE B IR T L i
WAHRIGHEST TR AR5 S A 2%
faf Z AN C 2R, B Se R A B ) i

U7, SR o e R )
PO i RE B ZOTETE R S
FREMR SIS RS R . Wang 45 1)
LERUIE RIA R R (R I iy
Plassr B TR e L 4s
P iy ehl e R BR el 2T
HAGTTHC 2HUG T E B R PEE  (H
Je PIRHT T EEA A i A 40 14

B
22 FITTERBERE T E
W

AT R A R
LR U REWE P RIS 5 %
B 5 St YA SR T
BRI R T ER OB
S 0 5 SR TR

®3 FEMEHEMMTTEIX L

Table 3 Comparison of different impact localization methods

VikS JEE
253k 17 JIRGESA
] Jsz 4 2 V) 5

s TR
s i 1 5 5% DR e A L
15 AL SR 54k
RV, TR | TR LR

SER AR A B

ARG | Bz S5 R R
= T BRI REAS
RS IR 1| s ]
LSTM

( Temporal encoding )

FAS (A IE 3SR
S K *) {F5 MR RLEE
Hlagzg>) & EyE
Input
( PINN reconstructed CNN
wavefield ) ('Spatial encoding )
(<5
IS
=

E 2

Impact

(xy)
Structural panel

. Impact force
Impact location  time-history

(xy)

[ fA<1>’fA<z>. . .fA<L>]

[leyl]
( Temporal decoding )

S EERHBE ML — 3B )IHE R4 22 HE R EiS#

Fig.2 Impact diagnosis combined with convolutional neural network and recurrent neural
network structure architecture?

A4 Wiz PG EEA - 202445 678 551310

FHH AR ] SRR 25 B B 2 AL
R BN GG AERR T s nh
I BE A A I AR PR SRR ST
& AR T B RIS .

A TR B s I TR, Kim
25 BT L T — il T )R
FE TG IE DR 25 B BEAEL Y vh i e 6 5
IR A Ry (= Y TR BB L e
PLFERER 2R 2.0 mm, RIER
2 B8V Pt 7 — ol 1 3 g 1) 52 5
B, 1207 T DA RS A AL
AR BR AR Y RS ] S22 A% R
FEAR TR IR T AR SR RE 5 U 3 A A
Ry E . WK 3 R, AT
o IR e e e TR 0 B R i
Yu % B0 3 i ) 5 B A (1 s
25 AP RN Sl P T 22 A AR R[]
IR T il s (AR AT T A
WIS R 3R % AR A AE D £ M2
RIS N AKRSRBE SRS B IR B S
B ) e 2 fir . 5 S Bl AT 1Y
YEH, Zhang % 9 JF % T —Fl H i
N UEEER Z AT T Ak
BB b A5 5 20 AN [R) A3 1 78
WA, LLORH 55 32k i 31 1)
S, FEAN [RS8k ar /B FH T o
U E RS

AL, Seno 4 ©2%9 SR PR 4 B
Bl 1 5 15 R A M IR AR R 858 R 4 A A
G IO R Ty VAL W& 7] L]
BN, 62 2% A AT R g
WETAE, (B2 HAT S, Lk AR
IR E A AR 2 N WAL, 25
FFFER o IR LR, i e = MR ffi 23
LR S5 A 7E LS IR AR 4514 R i by
WL A B BEERIF ST B,

F AN R 8 s kB A
AN PR S FER RN 5 T &
AT B o] ik W vk ) B HR LAY
W BRI ik Jr T , Liu
205 PSR /N AL AR AR A 2
IR D A W X S A 320
mm x 320 mm PI{#FH 4 > FBG 14
AR EAT e W, AL B SR A RN
5 kHz, fix KENM =22 A 9.3 mm,



Structural Health Monitoring %m%*ﬁm

NI PXle-1082 Input signals

Stiffened plate

Monitor Impact occurs [ Impact occurs ]
Data i
acquisition Least squares [ Force ]
optimization time series
Impact responses
Time Amplitude
reversal | determination

Wavefield
simulation

Spatial
focusing

PZT transducer

Re-emitted
wavefield

Reproduction
responses

Wavefield
simulation
Concentrated force
signal
Temporal I Normalization|
focusing

Impact location 1

Impact localization

[Profile of impact force]

Force reconstruction

(a) ki o s T 75 050
B3 BT 00 () R R R R Fn e i 28 T AR A AR AY i e o B

Fig.3 Impact monitoring based on virtual time reversal technique and time-domain spectral element twin model
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Table 5 Comparison of thin film fabrication technologies
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Advances in Manufacturing Technologies for Heterogeneous Multilayer
Circuit of Aircraft Smart Skin

GE Jiaying, WEN Junmin, YE Dong, HUANG Yongan
(State Key Laboratory of Intelligent Manufacturing Equipment and Technology, Huazhong University of Science and

Technology, Wuhan 430074, China)

[ABSTRACT] Smart skin seamlessly integrates a heterogeneous multifunctional circuit system on the surface of
the load-bearing structure of an aircraft, serving as an enabling technology for achieving the “Fly-by-Feel” capability
in future variant aircraft. The smart skin of the aircraft involves various functional modules, including multifunctional
distributed sensing systems, conformal antennas, frequency-selective surfaces, and anti/de-icing. This integration
enhances the aircraft’s situational awareness and promotes the development of lightweight structures, and the technical
key is the fabrication of heterogeneous multilayer circuits on the intricate 3D surfaces. In addressing the manufacturing
challenges associated with the multifunctional circuits of smart skin, this paper provides a detailed analysis of the
difficulties encountered in the manufacturing of different types of curved functional units. Additionally, it compares and
elucidates manufacturing technologies applicable to diverse structural types, encompassing conformal printing, via-hole
interconnection, curved surface attach, and thin-film fabrication. Finally, the paper summarizes and forecasts the challenges
and potential solutions confronting the manufacturing technology for heterogeneous multilayer circuits in smart skin,
offering valuable insights for the breakthrough of next-generation aircraft smart skin manufacturing processes.

Keywords: Smart skin; Multilayer circuits; Conformal printing; Via-hole interconnection; Curved surface attach;
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Impact Damage Identification for Honeycomb Sandwich Structure by Using
Electrical Tomography and Deep Learning

ZHOU Deng, LI Xuefeng, YAN Gang, HUANG Zaixing

(State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and

Astronautics, Nanjing 210016, China)

[ABSTRACT] Aiming at the situation of honeycomb sandwich structure impacted by external objects, this study
proposes a method to detect and identify the impact damage with electrical tomography and deep learning, and provide
precise information for structural integrity evaluation and decision-making. The sensing layer and corresponding circuits
are first printed on the surface of honeycomb sandwich structure with carbon ink and silver ink through silk-screen printing
technique. Then numerical simulation is performed by considering impact damage with different quantities, positions and
sizes to obtain training data of conductivity change and boundary voltage change of the corresponding sensing layer. Deep
learning is carried out by a residual neural network to establish the mapping relationship between conductivity change and
boundary voltage change of the sensing layer. Finally, the boundary voltage data of the sensing layer is measured before
and after impact, and tomographic image of the conductivity change caused by impact damage is reconstructed by a trained
residual neural network, identifying the locations and sizes of the damage. Low velocity impact test for a honeycomb
sandwich structure is conducted to demonstrate the feasibility and effectiveness of the proposed method.
Keywords: Honeycomb sandwich structure; Impact damage identification; Printed sensing layer; Electrical tomography;
Deep learning
(Vg ®ta)
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Impact Localization and Damage Monitoring of Composite Materials
Based on MXene/CNT Thin Film Sensor Array

WANG Ying', LU Shaowei?, ZHANG Lu?
(1. College of Aerospace Engineering, Shenyang Aerospace University, Shenyang 110136, China;
2. College of Materials Science and Engineering, Shenyang Aerospace University, Shenyang 110136, China)

[ABSTRACT] Composite laminates are vulnerable to impact damage during service, which has adverse effects on the
structure. The internal structural damage of composite materials caused by impact can shorten the service life of composite
materials. Therefore, it is necessary for impact localization and damage monitoring of composite laminates. New carbon
nanomaterials represented by carbon nanotubes (CNT) and MXene films have unique nanoscale structures and excellent
physical properties. The MXene/CNT thin film sensor array is arranged in the monitoring range, and a localization
algorithm suitable for the sensor array is proposed. The algorithm can accurately calculate and orientate the impact position
of the monitoring area. At the same time, the damage of the workpiece can be judged according to the relative resistance
change rate of the sensor. Finally, the results were compared and verified by ultrasonic C-scan equipment. The experimental
results show that the sensor array response calculation matches the actual impact position, and the resistance change rate of
the sensor is related to the damage severity.
Keywords: Composite materials; Impact localization; Damage monitoring; MXene/CNT thin film sensor;
Impact localization algorithm
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Research Progress of Structural Health Monitoring Technology for Aircraft

TIAN Tong', LI Jianle', DENG Deshuang’, ZENG Xu', LIN Kuixu', DONG Shanshan', YANG Lei',

XU Hao®, YANG Zhengyan®, WU Zhanjun
(1. College of Mechanics and Aerospace Engineering, Dalian University of Technology, Dalian 116024, China;
2. College of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China;
3. Jiangnan University, Wuxi 214122, China)

[ABSTRACT] Structural health monitoring (SHM) technology is poised to play a pivotal role in the design, service,
and maintenance of aircraft, enhancing structural efficiency and ensuring the safety and reliability of aircraft structures.
This article begins by outlining the fundamental concepts and applicability of SHM, emphasizing its significance in the
aerospace industry. Subsequently, it delves into the research landscape of SHM technology in typical aircraft structures,
focusing on advanced techniques such as impact monitoring, ultrasonic guided wave damage detection, and strain
monitoring using fiber optic sensors. The review encompasses an overview of international and domestic research progress,
technological capabilities, and typical applications. Lastly, it highlights the challenging issues facing structural health
monitoring in aircraft structures and provides insights into its promising future applications in the aerospace field.

Keywords: Structural health monitoring (SHM); Impact monitoring; Ultrasonic guided wave; Fiber grating;

Distributed optical fiber; Damage diagnosis
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LI Bing, ZHAO Ke, LIU Dianguang, et al. Mechanical properties of ZrB,~SiC ceramics sintered by hot oscillatory
pressing[J]. Aeronautical Manufacturing Technology, 2024, 67(13): 100-105, 112.
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Mechanical Properties of ZrB,—SiC Ceramics Sintered by Hot Oscillatory Pressing

LI Bing, ZHAO Ke, LIU Dianguang, LIU Jinling
(Southwest Jiaotong University, Chengdu 611756, China)

[ABSTRACT] ZrB,-SiC ceramics were prepared using hot oscillatory pressing (HOP) and hot pressing (HP)
processes, and the effect of oscillatory pressure on the densification and mechanical properties of ZrB,—SiC ceramics
was investigated. The results have shown that compared to using the HP process to fabricate ZrB,—SiC ceramics, the
densification rate of HOP process has been improved significantly, and the interface between ZrB, and SiC is well
bonded; The hardness and fracture toughness of the ZS30 sample prepared by the HOP process reached 21.1 GPa and
7.3 MPa - m*?, respectively, which were significantly improved compared to the samples prepared by the HP process
under the same sintering parameters. HOP has shown good development prospects in the preparation of high-performance
ZrB,—SiC ceramics.

Keywords: Ultra-high temperature ceramics (UHTCs); ZrB,; Sintering; Densification; Mechanical properties
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Fig.1 Schematic diagram of hot oscillating pressing device

B 2 ZrB-SiC E&#ERS
Fig.2 Morphology of ZrB,-SiC composite powder
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Ak R ) 52 N A B IR 5 R ) B RE L AE 30
min Ze A IR B LT 58 e 80% 5 it e a2 He ) AR A
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HRIAF) T A i AR X B B {HE: HOP il 2% (144 i 235
YR T A TR ) e 5 B RE i A X 4% B R B T 99%
DL o AHBESR HE 2 R R 45 O RE i, HOP il 254 i
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W46 54 B AR T, fe ik #) T (998 + 58 ) MPa, 7EA
[l AR A A 254, SR 10 MPa iR 7 15 ) i (i be &t
B i, S il 5 B SR 21 1 (1910 = 23 ) MPa, #H L iR 5
JE IR R 5 MPa FUE i B2 = 1T 4.7%. SR (40+5)
MPa k37 F 1 a2t 3J A5 R, LA il o 5 e W g AR
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Gl Rl Bt S S VENd A A D o] SOL = ST T Y A AN R 2

100 A2
éo 95+
=
B
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= 90 m 30 MPa
e (30+5) MPa
A (30+10) MPa
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85
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3 AEIRHENRER ZS30 #mEX 2 ERER IR B/
Tl 2k

Fig.3 Curves of relative density varying with holding time of
ZS30 samples sintered by different oscillatory pressures

F1 FEEEEHT ZS30 HMmTH1ERE
Table 1 Flexural strength of ZS30 samples under different
sintering conditions

Pedti 1k AARTREEE 1% | AR o/MPa
1800 °C .30 MPa .60 min 99.8 1083 + 92
1800°C (30 + 5 ) MPa.30 min 99.9 998 + 58
1800°C (30 + 5) MPa.60 min 99.9 869 + 148
1800°C .( 30 + 10 ) MPa .60 min 99.9 910+ 23
1800°C .(40 + 5 ) MPa. 60 min 99.9 874 + 148
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IIN ARG PR BRE S R RSB B AR 1A 3
(A5 A T 2 T AT, IR 95 IR 5 A AE A 76 £ 30 min
Joi AR B T R B0, 5 i R AT R R R S i
2 A R AR K S TN 4 R s BT 11 e R ST A
o dihr TR, 2 530 ZrB,-SiC M % i 25 il 5k i
FAAR, 3 T AR 43 B AR 60 min () HOP il 2 B dh 25
i BRI IR . 59— T, 4% A e S A Hu e e
FESIBRaE T2 5 5| S AR fe B2 s il AtoRi (0 3h 45
KK, X T B T3 HOP il 4% IR i HLA R Ay i ks
RF . IEL 4 ik T LUIE i, 78 HOP il %51 ZS30 # i
o, KR R BB ALY SIC kB BEAE IR A Y 2B,
b b (4 v [ P8 7 9 67 ), 3K ZiB, Sk kAR T
S 00 AR AR R T P A B 25 . BT ZiB, T SIC A
R K R B A 22 5% ZEIURE R T B P &5 7 ZeB, kL
PSR = AR B AR BN 7, X A HOP il 48 B i 25
SR BRI

AT AT = A U A B O SR AT LR B 1
FEJ1BEZE 1 ZS30 K 22 I E G BT 2RI AR BT 24 L A7 1Y
PG, K LA ZrB, fiok A S A5 (1) SIC ks 4R A7 B
VR A BT 2ARAIE . RS AR RRas 1) ZS30 A i 22

_—— 2rB,

(a) 30 MPa, 60 min

ZrB

(c) (30+5) MPa, 60 min

PLEE R INT R 3 e R LK AR B 1) ZeB, Ak L
B EHT S B 2L AR AL, ELZESR 20 X B 3 SiC i
KRR A ZrB, fkid, ZrB,. SiC # y ZE fai 2L, — i
T e BUR W AR R, BT AR RIE R T
B (R RV FE, HL R 2 T L o S o 32 B
VLHH HOP AH LU 1E 8 TR 5845 ] LAk 51 55 25 1y el 2 1
FUH SR (%) S 25 G, A il 45 5 1 g ZrB,—SiC Bl B f ik
THsE.

2% 2 45T 30 MPa fH E 145 (30 + 5 ) MPa.,
(30+10) MPa .(40+5) MPa HOP il % £ ZS30 k£ &
AR JBE R 440 , I 0 SCiik [32-37] R AR E kAT T
XF . ATLAF i, HOP il £ 9 ZS30 i % 4k [X i
B, A8 T (21.1+£0.7) GPa, M FU1H B JE 1B 45 A ke
AT R T A CCRE IR —Ah R A ik,
W ) SRR IR X B Ty AP RE , 45 A T 4 BT R R A S s
FTT L, HOP il £ (AL S ZrB, fiki R AH e 2
FIest BRI B , LA BT A0 IR AR P RE SR T
FIAT fbiAips B0 & 5 R TR (30 + 10 ) MPa
1IR3 1K J1 5845 60 min J5iRER) TEM BB R, W LLA
L 1E HOP S AR RE S AR 5 I T 748 248 125 T 48 S A

ZrB

(b) (30+5) MPa, 30 min

(d) (30+10) MPa, 60 min

(e) (404£5) MPa, 60 min

4 ZEEHIXERET ORR
Fig.4 Fractographs of three-point bending specimens
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2 ZS30 F YRR AN R
Table 2 Hardness and fracture toughness of ZS30 specimens

. HORLRSF fum st 21t
UE 718, sic WEEIC | HRHIES IMPa
1-3 0.6 1800 30
1~3 0.6 1800 30+5
HOP
1-3 0.6 1800 30+10
1-3 0.6 1800 40+5
2 05 1950 30
6 0.45 1900 2
6 0.7 1900 2
HP
2 05 1950 30
0.8 05 1950 30
32 0.31 1900 32

B, SIC fbki b A B A LLZE & 3 T 5 SIC AHAB Y
ZrB, fbhi AT R 3 FE A AL 24, A5 SiC M4BT
ZrB, fikEE R > LR AE HOP s f2 i, SiC Ay
IE L ZrB, MM AR N 3 . W B AR I, AR
SCIN A B A 1 5 R BR 4 1Y ZS30 A i 1) Bt (L BH
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T 25 5 1) SR DL AT B JEOREAN () 83 R SR 3t For FH 2%
fr ANl o DA 2wt T AT, R FH 2R U] 01 i it
it HOP ffill % 1Yy ZS30 #f i i 24 pI ik 8 T(7.3+0.1)
MPa + m"?, et i T 1 K 1 He4s AL S, s TSk
A8 AP B4t i ZS30 FE S B9 BG4 TR
W TS 2 B, HOP il 25 & 119 25 i W SRR AF o
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R 5 FE 1O 30, 9 40 S e e A SR AR IR B (A
HOP il % i ZS30 F & Al He A 8 i Ty Bt ke i HoA
UF (R WT 4 IPE . A B E R rbedt , HOP RIS i 1
ZrB,-SiC Fij % (1) B Fnbr 249 M. AR P14 5 19 TEM
SIHTEE LRI, HOP il 5 i A A B RN W7 4 ) P 2 7
N EZR T ZrB, M SiC ki BT = A B 4 R A
2 TR SR BRIG . Xu 5 U RGBSR R, ZrB, M b
RSl 23 RSl 2 S RSl B NS 80 e 2 7 A
b 35 P02 T, DT 42 v 6 Ak ) 3 D T S84 ) k5 [ st
25 R 2 A 2 A5 24 80y e o A v % R s RE A
T 2 ML F12E PR RE . PR AT DL BR3% R T X A
LT 2F R RE Y B2 E R 3 HOP k15 i M B
) ZrB,~SiC i /= il P % i 5 B ifE — 20 X T 2 S 80t
Trtiefl, & BRR SR RS R 35 e 75 R 1) i 4k Bl
(28
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Fsf ] /min
60
60
60
60
60
45
45
60
60
45

4 [CREE /GPa

17.6 +0.5 (5 kgf)
20.1+0.5 (5kgf)
21.1+0.7 (5kgf)
20.8+0.7 (5kgf)
19.6+0.9 (5 kgf)
19.3+0.6 (0.2 kgf)
20.7 +1.0 (0.2 kgf)

WK Kool
(MPa- m*?)

55+0.6
6.6+0.5
7.3+0.1
7.0+0.1

ARSI
ARSI
ARSI
ARSI
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Fig.5 TEM characterization of the HOP samples
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FI AR 0, BESE, W FAE K AR £ R 2024-T351 454644 1 2 M6 ¥ [J]. A #)2 KK, 2024, 67(13): 106-112.
XU Gang, XUE Tao, HU Yanhua, et al. Effect of shot peening coverage on surface integrity of 2024-T351 aluminum alloy[J].
Aeronautical Manufacturing Technology, 2024, 67(13): 106-112.

B AL BE R 2024-T351 A5 4 RS2/ =20

% ORLE OFLUELLY #LE K B°
(L. P47 % AU S 45 )RR AT PN 3] , 78 % 710089
2. HAL T kK %, &% 710072)

[HE] "thBEERSEHORAMELA T2 TR Yrm. AL 2024-T351 486 2A4F AR AT %, il ad 8 et
Fuid 4 iR JE AT 4 AP LB £ % 88.3%.100%.200%.400%. 4% A 124 & T B4 AL LR E AL 5K A B A AT AL A
WAL HE R T i AUE £ R AR @ S R SR AR ) A VLAR 6 %ok . R LR B R0 3 m, XA
FompAE E eIt B e T . 100% & & & eyt duiX A R o pkE R, 3% 2]k KA 4.601 pm. & 400% #9.% & & T, X
HERE BRSO EBRMEL. THBEERNE I FHBEARERENRKIAAORSGER LN G REAIE K. ]
FUIKAE 64 BRULAR e AR A 2 IR T R 2 6 36 m i 3% K, 3R T 88.3%..100%+200% 7= 400% & % F 64 vt JLiX AR &
LR 55 ¥ T 18.4%.22.8%.25.1%.27.2%.

KERE B ER, R BTN, R AR E, AR RN UL B

Effect of Shot Peening Coverage on Surface Integrity of 2024-T351 Aluminum Alloy

XU Gang', XUE Tao', HU Yanhua', XIAO Xiong', CAO Yi*, ZHANG Qi’
(1. AVIC Xi’an Aircraft Industry Group Company Ltd., Xi’an 710089, China;
2. Northwestern Polytechnical University, Xi’an 710072, China)

[Abstract] Peening coverage has essential effects on the service performance of parts. In this paper, aluminum alloy
2024-T351 was subjected to pneumatic shot peening with different coverage of 88.3%, 100%, 200% and 400% by
adjusting feeding speed. The surface topography and microstructure, roughness, residual stress and microhardness were
investigated using a scanning electron microscope, roughness tester, residual stress instrument and Vickers hardness
tester. The surface roughness increases first and then decreases with the increase of peening coverage. The average surface
roughness of peened sample with 100% coverage is 4.601 pm, which is the highest value. Moreover, the peened surface
shows significant folds and microcracks owing to the high coverage of 400%. The increase of peening coverage leads to the
enlargement of the maximum compressive residual stress and depth of the compressive residual stress layer. Similarly, the
maximum hardness and hardened layer depth are enhanced with peening coverage. The maximum hardness corresponding
to peening coverage of 88.3%, 100%, 200% and 400% is increased by 18.4%, 22.8%, 25.1% and 27.2%, respectively.
Keywords: Shot peening coverage; Surface integrity; Surface roughness; Residual stress; Microhardness

DOI: 10.16080/j.issn1671-833x.2024.13.106

2024-T351 434 4 D FL% FE AR L LU i B o T J65 ol fm HZE A TERE . WAL —FP UL FL R R R i b BE T
Pt SR e 5, T2 0 T R 40, B, FE R AR 2L A R E AR R R A U0, SR, WAL 3
R AE A R rpr 952 57 5 ok R B i #Tﬂﬁlﬂééﬂﬁé%xﬁu_% RPN 5 R AR R ) 2 1 5 réﬂﬁﬁift%ﬁﬁi@ﬁké%
IR T AR, PR, 75 2630 A0 2 T Ab H T 25k 4 AYERERY 25 T DRI, FSE I AUTE o5 5 ) 3 1f o # e

106 Wi B E AR - 20244556748 551310



‘_‘i‘ » »
RESEARCH E;I:%rex

HISZ I HAT o R L,

FEME LA, A AL S o b3 T 5 | A T 5
P TE AR , 045 SR A0k © AL AR R AT 1 B ORLRE
JE S OO SRR AR 2R S TR . AL
D AR SO M G L A om0 a5 gk
mAL M A BN T A 4 T A4 T A e T
AR U bRl e msRib. 6 kignfk i, Liu
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Fig.1 Surface morphology of initial and shot peened samples with different coverage
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Fig.4 Residual stress field of initial and shot peened samples
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Fig.5 Microhardness of initial and peened samples
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Experimental Study of Two-Dimensional Ultrasound Combined Electrolysis/Discharge
Generating Machining

LI Jing, CHEN Wanwan, ZHU Yongwei
(‘Yangzhou University, Yangzhou 225127, China)

[ABSTRACT] To improve the surface forming quality and machining efficiency of aluminum matrix composites, a two-
dimensional ultrasonic combined electrolysis/discharge generating machining technology (2UE/DM) with low voltage
and low current density was proposed. Using the side of a tool coated with diamond grains, three different processing
contrast tests and performance tests under three sets of parameters were carried out on the composite. The current, material
removal rate (MRR) and surface roughness of SiC,/Al composites processed in 0.5% NaNO, (mass fraction) solution were
measured, and the effects of tool rotation speed, voltage and amplitude on processing efficiency and quality were explored.
The results showed that the vibration of the workpiece periodically changed the machining gap, and the discharge frequency
increased by 2 times per vibration period. At 5000 r/min, the discharge frequency decreased, the surface roughness
decreased by 13.2% compared with 1000 r/min. At the voltage of 6 V, the material removal rate reached 0.89 mm®/min,
which was 45.9% higher than 3 V, but more reinforcing particles were exposed at the higher voltage, and the surface
roughness was 1.4 um higher than 3 V. When the amplitude increases to 5 pm, the surface roughness was 17.5% lower than
2 um, and the technology had higher machining quality.
Keywords: Two-dimensional ultrasound; Electrolysis/discharge; Combined machining; Surface quality;

Material remove rate (MRR)
DOI: 10.16080/j.issn1671-833x.2024.13.113
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Laser Melting Deposition Repair for Compressor Blades: Robotic Path Automatic Planning and
Experimental Research

LIANG Xufeng', CAIl Zhenhua', LIU Qi***, MU Zixin', ZENG Chunnian', NIU Shaopeng®, DENG Chunming’
(1. School of Automation, Wuhan University of Technology, Wuhan 430070, China;

2. Science and Technology on Power Beam Processes Laboratory, AVIC Manufacturing Technology Institute, Beijing 100024, China;
3. Beijing Key Laboratory of High Power Beam Additive Manufacturing Technology and Equipment, Beijing 100024, Ching;
4. Aeronautical Key Laboratory for Additive Manufacturing Technologies, Beijing 100024, China;

5. Institute of New Materials, Guangdong Academy of Sciences, Guangzhou 510651, China)

[ABSTRACT] This paper studies a laser melting deposition path generation strategy based on industrial robots to address
the repair problem of aero-engine TC17 high-pressure compressor blades after service damage. This method can analyze the
blade damage area with model Boolean operations and embeds a secondary development plug-in in the RobotStudio offline
programming software to generate Zigzag-axial, centerline-offset, and edge-helical scanning paths. The path simulation and
deposition topography analysis show that when the scanning speed is 5 mm/s, the deposition layer thickness is 0.3 mm, and the
overlap ratio is 50%, the centerline-offset scanning path can maintain the speed stable for 95.97% of time, and the speed decline
of turning point is tinier. Simultaneously, the formed height after deposition is close to 0.3 mm, and the height fluctuation
variance is relatively small with excellent flatness. Furthermore, simulations and experiments on rectangular flat-plate regions
show that a continuous path, such as Zigzag scanning path, can dramatically reduce residual stress on the formed surface.
Keywords: Compressor blades; Laser melting deposition; Industrial robot; Model Boolean operation; Path planning
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Fig.1 Structure diagram of robotic laser melting deposition device
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Fig.6 Flow chart of robot laser melting deposition path generation process
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Fig.10 Complete deposition path generation results of different
scanning methods
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Table 1 Statistical data of deposition path characteristics of different scanning methods
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SR r AR 5.00 73.4665 14.484
INGARE 5.00 76.4867 15.288
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Fig.12 Simulation results of deposition layer topography
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Table 2 Comparison of deposition layer topography data
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Fig.13 Surface state after laser melting deposition
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Table 3 Residual stress distribution on the formed surface by laser
melting deposition
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