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Scanning Path Optimization Method in Wing Skin Nondestructive Testing

Production Line

TIAN Wei', LI Guoliang', ZHENG Wei’, ZHANG Jin’, WANG Changrui*, BAI Quan',

WANG Wang’, LI Pengcheng®

(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AVIC Xi’an Aircraft Industry Group Company Ltd., Xi’an 710089, China)

[ABSTRACT] The composite wing skin has the characteristics of large size, complex shape and easy rebound. It can’t
be used for nondestructive testing by traditional methods such as machine tools. But the robot has the characteristics of
flexibility and intelligence, which provides a new idea for nondestructive testing. A scanning path optimization method of
large wing skin continuous surface is proposed to solve this kind of problems. Dual robots equipped with ultrasonic scanning
equipment, adopting the strategy of two-time inspection: the composite surface is reconstructed by the first scanning, so the
accuracy of the second transmission nondestructive inspection is improved. According to the shape of the wing, a general
scanning strategy parallel to the stringer is proposed. The points are grouped by the least squares method according to the
curvature, the path is optimized by the hybrid genetic LM algorithm. The algorithm means the improved genetic algorithm is
used for heuristic global optimization and the LM algorithm is used for deterministic local optimization, so that the optimal
scanning path can be obtained efficiently. Then, the simulation is carried out in RoboDK, and the robot is equipped with
ultrasonic detection end to scan the skin. Finally, the precision of the optimized path is verified by the laser scanner on the
robot. Simulation and experiment results show that, compared with traditional detection methods, the average detection
efficiency of this method is improved by 9.2%. It meets the constraints of ultrasonic detection.
Keywords: Composite material; Nondestructive testing; Genetic algorithm; LM algorithm; Path optimization

(Vi K E)

20234E 5566 610 - RIS EIA 21



Ay
i“‘l‘miig' COVER STORY

FIXH K EIRAE, FRE, 3038, F. R TIRIE S T 69 § oF BP1Ap Bk G4 M) R AR R [J]. AL #1184 R, 2023, 66(6): 22-30.
CUI Junjia, ZHANG Jun, XIAO Ruru, et al. Research on detection algorithm of partial riveting defects in self-piercing
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Fig.8 Types of riveted joints
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Research on Detection Algorithm of Partial Riveting Defects in Self-Piercing
Riveting Based on Deep Learning

CUI Junjia*', ZHANG Jun', XIAO Ruru?, JIANG Hao', LIAO Yuxuan', LI Guangyao®
(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University,
Changsha 410082, China;
2. Shenzhen Automotive Research Institute (Shenzhen Research Institute of National Engineering Laboratory for
Electric \ehicles), Beijing Institute of Technology, Shenzhen 518118, China)

[ABSTRACT] Self-piercing riveting technology is suitable for joining dissimilar materials such as aluminum and
steel, and the joint performance is reliable, so it has a wide application scenario in the aviation industry. However, there
are few relevant researches on nondestructive detection of self-piercing riveting defect at present. This paper proposes a
deep learning-based partial riveting defect detection algorithm for self-piercing riveting. Firstly, the mechanical properties
of partial riveting self-piercing riveting parts decreased by 5.6% compared with normal riveting parts through shear
mechanical properties test. Then, the degree of partial riveting was defined in the range of 0— 10 by the external features of
self-piercing partial riveting parts. Finally, the detection algorithm was studied, and the detection effect difference between
single-step detection and two-step detection was explored. The detection scheme of YOLOvS5s (You Only Look Once
v5s) and ResNet18 was proposed. In addition, the Gradient-weighted Class Activation Mapping (Grad-CAM) was used
to visually explain the differences in the effects of different detection schemes. The test results showed that the proposed
detection scheme of YOLOVSs plus ResNet18 could achieve 100% accuracy in the collected data test set, which was higher
than the 95.18% accuracy achieved by only using YOLOV5s, and much higher than the 84.1% accuracy achieved by only
using ResNet18.

Keywords: Self-piercing riveting; YOLO; Deep learning; Nondestructive testing; Vision detection
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Fig.5 Architecture of aircraft final assembly digital twin system
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Measured, theoretical strain rate diagram and spindle magnification diagram
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Monitoring and Control of Strain Rate of Primary Shear Zone in Cutting
Process Based on Digital Image Correlation

ZHAO Shuang, ZHANG Dong, NIE Guangchao, YANG Zhengyan, ZHANG Xiaoming
(Huazhong University of Science and Technology, Wuhan 430074, China)

[ABSTRACT]

Metal Cutting is one of the main processing methods in the field of aviation manufacturing, and strain

and strain rate have a great impact on the chip formation and surface quality. The monitor and control of the strain and
strain rate can contribute to the study of the cutting mechanism and conditioning of the machining process. In this paper, we
developed an experimental setup for monitoring and controlling of strain rate in the primary shear zone. An in-situ imaging
platform of orthogonal cutting is built, which can acquire the images of shear zone in the orthogonal cutting process.
A global DIC algorithm accelerated by multithreading is developed to improve the efficiency of image analysis. The
image analysis and strain rate calculation can be conducted as well by the DIC software. An online adjustment of spindle
controlled by computer is established, which can adjust the spindle magnification in real time according to the relationship
between the measured strain rate and the target strain rate. Two experiments for the control of the strain rate in the primary
shear zone during orthogonal cutting are carried out. The experimental results show that this system can monitor and control
the strain rate in the shear zone with an error less than 10% compared with target value, and less than 23% compared with
theoretical predicted value.
Keywords: Digital image correlation; Orthogonal cutting; In-situ imaging; Shear zone; Strain rate; Feedback control
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Table 2 Robot modelling parameter correction results
EFREE RS Aa/mm Aal (°) Ad/mm A0/ (°) ABI(°)
1 -0.9 +0.0001 -1.02 -0.02 0
2 +0.233 +0.03 +0.135 —-0.000293 -2.6x10°
8 +0.503 —-0.002 —-0.0057 0.000337 0
4 +0.8 -0.0021 +0.1002 +0.28 0
5 +0.2 +0.05 +0.0003 +0.0202 0
6 -0.105 +0.01 +0.05 -0.601 0
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Table 3 Modelling accuracy before and after calibration
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A Digital Twin Modelling Accuracy Compensation Method for

Industrial Robots

KANG Ruihao', HU Junshan’, TIAN Wei', ZHANG Jiawei', MA Chuangye’
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AVIC China Airborne Missile Academy, Luoyang 471000, China)

[ABSTRACT] Aiming at the problems of the lack of perceptual monitoring accuracy of the existing industrial robot
intelligent equipment modeling and the low accuracy of modelling based on theoretical parameters, this paper takes the
industrial robot milling system as the research object and constructs a digital twin measurement system that measures
the robot joint turning angle data in real time with a high-precision scale to avoid the influence of joint turning angle
errors such as gear gap and encoder code loss on the accuracy of digital twin modelling. The digital twin drive model was
developed based on the MD—H kinematic modelling method, and the L—M algorithm was used to identify and correct the
industrial robot modelling parameters to reduce the influence of geometric errors in the digital twin modelling of the robot.
The use of the identified robot joint parameters for modelling has improved the accuracy of the twin model for modelling
the motion points of the industrial robot from £1.6905 mm to +0.3304 mm, increased by 4.12 times, which demonstrates
the correctness of the digital twin modelling method and the feasibility of the identification of the modelling parameters.

Keywords: Parameter recognition; Auxiliary sensors; Digital twins; Industrial robots; Modelling accuracy
(T * %)
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Fig.1 Schematic diagram of air film holes in
aero-engine turbine blades
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Digital Production Line of Turbine Blade Air Film Hole Electric Discharge Machining

JI Xuezhuang', GAO Jian®, SUN Han’
(1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. Beijing Hanfei Aviation Technology Co., Ltd., Beijing 101307, China)

[ABSTRACT] Focus on the low pass rate and bottleneck of mass production in air film hole machining of aero-
engine turbine blade, breakthrough in adaptive machining system, intelligent network control system, equipment network
data interface, quick-change tooling and other technologies, based on the lean “U-shaped” layout, an electric discharge
machining digital production line for turbine blade air film hole machining was built, which has characteristics of
automation, digitalization, integration and intelligence. This line can realize “24 h unmanned production” and multi-model
collinear mass production. After 2 years of operation, various economic indicators such as the one-time inspection pass rate
and the comprehensive efficiency of equipment have reached the leading level in China, which has significantly improved
the productivity and pass rate, reduced the cost of blade machining, and the bottleneck of mass production of aero-engine
turbine blade was solved. The composition and architecture, key technologies and design process of the digital production
line for electric discharge machining are demonstrated, which has important reference value for the construction of the
digital production line of the aero-engine manufacturing industry.

Keywords: Aero-engine; Film hole of turbine blade; Digital production line of electric discharge machining; Adaptive

machining system; Intelligent network control system
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FEE2ER (T2401), 2021, 55(5): 843-854.
ZHENG Shouguo, ZHANG Yongde, XIE

control for aircraft assembly pulsation line based

on digital twin[J]. Aeronautical Manufacturing

2020, 63(1/2): 14-20.
ZHAO Yang, FU Xiaolu, LIAO Qingmiao,
et al. Intelligent production management and

Technology, 2020, 63(1/2): 14-20.
[16] FB<FHE, skIHE, WIOSCR, A gk
THFAER LR PR (3], W

Wentian, et al. Aircraft final assembly line modeling
based on digital twin[J]. Journal of Zhejiang
University (Engineering Science), 2021, 55(5): 843-854.

Study and Realization of Production Line Control Mode Based on
Digital Twins for Aircraft Final Assembly

TANG Jianjun, JIN Zhuyun, SHI Qingin, XU Aiming, KUANG Lin,
SHI Yuanlong, ZHANG Haolong
(AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China)

[ABSTRACT] In order to continuously improve the operational performance of the aircraft final assembly production
line and promote the reform of the business model, this paper proposed a new management and control mode of aircraft
final assembly production line based on digital twin. Firstly, the evolution process of aircraft final assembly production
line from physical space to information space is analyzed, as well as the operation control requirements of production
line. Secondly, the digital twin composition of aircraft final assembly production line is expounded, at the same time, the
digital twin model of assembly production line is constructed based on five-dimension digital twin model. Finally, the
virtual model is established based on 3DMAX technology, and a digital twin system for final assembly is built by system
development technology. The mapping between physical entity and virtual space is realized by collecting the process data
of production line, and the digital twin technology in aircraft final assembly production line is preliminarily applied. The
results show that the control mode of aircraft final assembly production line based on digital twin plays an important role in
improving production efficiency and quality.

Keywords: Aircraft final assembly line; Control mode; Digital twin technology; Digital twin system; Virtual-real mapping
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FISAE K . A4, EARH, KE, F R THFEAL G ZARCSE T2 BARAL T =[], AL E #i& 3 K, 2023, 66(6): 66-73.
ZHAO Wei, LIAN Taihu, ZHANG Lei, et al. Optimization method for storage location assignment in automated warehouse
based on digital twin[J]. Aeronautical Manufacturing Technology, 2023, 66(6): 66—73.
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Table 1 Basic parameters of automatic
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Table 3 Algorithm parameters
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Table 4 Location allocation information optimized by ACO algorithm

PR BEM, /g
221.7
347.7
2711
128.9
324
225
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128.9
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2711
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221.7

T F BV AL AR
3 (1,1)
1 (2,1)
2 (3,1)
4 (5,1)
5 (3,2)
7 (3,3)
6 (4,3)
1 (4,2)
12 (5,4)
9 (3,3)
14 (2,4)
8 (2,3)
13 (5,3)
10 (1,4)
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Table 5 Location allocation information optimized by IACO algorithm
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Optimization Method for Storage Location Assignment in Automated
Warehouse Based on Digital Twin

ZHAO Wei', LIAN Taihu', ZHANG Lei*, ZHANG Yicheng', RAN Meng", LIU Xinyi'

(1. Tianjin University of Technology and Education, Tianjin 300222, China;
2. Tianjin University of Commerce, Tianjin 300134, China)

[ABSTRACT] The automated three-dimensional warehouse is an important unit in the intelligent production line,
which can realize the accurate query of real-time inventory information, and its usage efficiency is directly related to the
production efficiency of the intelligent production line. To address the problem of arbitrary and unintelligent allocation
of storage location in the intelligent production line, a digital twin-based storage location assignment (SLA) optimization
method is proposed. Firstly, a multi-dimensional modeling method of data-driven digital twin fusion is used to build a
multi-dimensional model of the digital twin of the automated warehouse. Secondly, the communication mechanism and
information interaction principle of the digital twin system of the automated warehouse are studied and analyzed. Then,
an improved ant colony optimization (IACO) is proposed to optimize the model, and the obtained level information is
integrated into the digital twin system of the automated warehouse and mapped to physical entities. Finally, it is proved
through experiments that the method can meet the requirements of intelligent selection of cargo level for process-based
material entry and exit in stereo warehouses, which is important for improving the intelligence of aerospace equipment
production mode and increasing the productivity of intelligent production lines.
Keywords: Aerospace; Digital twin; Intelligent production line; Automated warehouse; Space allocation;
Ant colony optimization algorithms
(i * %)
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Review on Strength Technology of Amphibious Aircraft Induced by
Hydrodynamics

LU Jihang, YANG Shifu, YANG Rong, LUO Linyin
(AVIC General Huanan Aircraft Industry Co., Ltd., Zhuhai 519040, China)

[ABSTRACT] Compared with land aircraft and helicopter, amphibious aircraft has its unique advantages and wide
application prospects. During the design, in order to ensure the normal use of amphibious aircraft under the water
environment, it is necessary to carry out sufficient structural strength design according to the hydrodynamic load induced
by the water movement so as to ensure the integrity of the structure. This paper mainly focuses on the development demand
of amphibious aircraft, the research status and technical progress on the design and validation of aircraft hydrodynamic load
at home and abroad. The researches of wedge model simulation, wave model simulation, water surface effect simulation,
whole aircraft model simulation and scaled model test in the development of Chinese large amphibious aircraft are
introduced, and the development trend of hydroelastic design for amphibious aircraft is also discussed.

Keywords: Amphibious aircraft; Hydrodynamic load; Structural strength; Hydroelastic; Flight test
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[ABSTRACT] Mg alloys have been widely used in aerospace and other fields because of its low density, light-weighting
effects and abundant mineral resources. It has become a “new green material of the 21st century” . However, Mg has strong
electrochemical activity and is prone to corrosion, which has been limiting the wide application of magnesium alloys. At
present, exploring the corrosion mechanism of Mg alloys and designing the composition of corrosion-resistant Mg alloys
have attracted world-wide attention. This review discusses the research progress on the design of corrosion resistant of Mg
alloys. It mainly describes the corrosion mechanism of Mg alloy and anomalous hydrogen reaction phenomenon, as well as
the corrosion types such as galvanic corrosion, pitting corrosion, exfoliation corrosion and stress corrosion. And the effects
of different alloying elements on the corrosion resistance of Mg alloy are summarized. Focuses on the application of first-
principles, molecular dynamics, and X-CT technology in Mg alloy corrosion, which is expected to provide principles for
the chemistry design of corrosion-resistant Mg alloys.
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Research on Dynamic Scheduling of Flexible Job-Shop Based on Multi-Agent

YANG Bojian"?, DU Li*, GUO Jingren*
(1. University of Electronic Science and Technology of China, Chengdu 611731, Ching;
2. Science and Technology on Altitude Simulation Laboratory, Sichuan Gas Turbine Establishment,
Aero Engine Corporation of China, Mianyang 621703, China)

[ABSTRACT] In order to improve the adaptability of scheduling strategy to the change of the arrival density of the
workpiece, the dynamic scheduling method in flexible job-shop was studied. Firstly, the dynamic scheduling system of
flexible manufacturing based on multi-agent system is constructed according to the investigation results and agent modeling
method. And combining with the complex structure processing characteristics of flexible manufacture, the operation
mechanism of scheduling task decomposition, machine tool selection and task allocation is improved, and forming the
task decomposition mechanism based on the process, machine tool selection mechanism based on the machining accuracy
and dynamic time windows scheduling method based on scheduling rules. Finally, the feasibility of the proposed dynamic
scheduling method in the scenario of work-piece density change is verified by experiments, which has a certain guiding
significance for the current actual flexible job-shop production activities.
Keywords: Multi-agent systems; Flexible job-shop; Dynamic scheduling; Dynamic time window; Rule-based scheduling
method
DOI: 10.16080/j.issn1671-833x.2023.06.099
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PR A A0 2 ZE 0 S A R 50, JE T OB R et
AW TEH R T2 FE A 525 Agent X4,
ST AT S SR s XA P, B MY A
Xt 22 B R A= 18] B ) 4R 1 T —Fh 3L T a7 fk CNP
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Fig.1 Flexible production line equipment composition and
distribution diagram

—— )
! {155 Agent 1 PN :

Sl : iHiEAgent |
£%5 Agent 2 ;

! i ;

E v v v :

| HlitiAgent 1 Hl#sAgent 2 HlasAgent 3 i

B2 % Agent ZHAEWF BN ERFHREN
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Fig.3 Scheduling and negotiation process based on traditional CNP

POl &, E8ERE AL T rhaO R A THL
PRICIE MIAE o A e 0 P ARl 2 6] 98 B2 (] 351 ( Flexible
job-shop scheduling problem, FISP ) >R i 5 A= FELL T,
¥ B HCR JEIAL BT 2 B A v ) T, RVRGEAE IR FE 1)
SRR R B TR TP IR BN T R,
TEAS BRI LSS SR, Al — TR T SR B kb
(), HAHSB A PRI IE T %38 5 AFE A — SR L 7. X
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HEAS IS ] AR 23 S BRI T LA E 2 B 45 1]
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B B 17 10 (8 s 25280, TR BE A 23 0k S5k
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HEATIN T, LAER 1 iR IR T2 B Sy 4 (v B A
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Agent B ), ¥ TP S A7 o, T2l R sen 8 1B
T TREIR 3N TS 5IEE TR

KT T Hen AT 55 5 il HLH] £ 28 LU A

CU)AES5 43 )y X5 2o Ty X nz, % i 1 1
JERIIN TSR], B2 8 T IR EE AR S5 1 S T T
VAR T2 B R 1], in T A o 25 e TEKs e B T 1
SFERLET B 7 Badl A 2 Br, HIF AN TR IR

(2) 1AL 5 D S B0 T A SEATL A e 3 oz P A ]
BT TP AT 55 o LRI AE AR 3T A kAR I S AT
55 O3 AL A0 S R AR AT 55 i oA ARk, Ja

x1 THIEHKE
Table 1 Example process routes

TS | Tys TIPNA | RRERE | I a2 /min

HIEE A TEAME IT11 19
2 ' ik A TiAME IT8 32
3 Tl Je 0 5
4 K%L B mAME IT11 28
5 2 K4k B HIAME IT8 43
6 KRNI IT7 17
7 KB & B IT8 14
8 TEALAS I 0 2
9 3 FhIRAL IT9 13
10 (b IT10 7
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Fig.4 Negotiation process between TA and MA under machine tool
selection mechanism based on machining accuracy
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Fig.5 Specific execution logic of dynamic time window strategy
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Fig.6 Specific execution logic of FCFS
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Fig.7 Exception handling process under disturbance of equipment
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Fig.9 Gantt chart interface of scheduling platform
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Table 2 Machine tool processing capacity information™

RS ;{eéé T T T T
KAO | K1 | K2 | KW
MA, IT7 1.0 0.9 0.7 1.0
MA, IT6 1.0 1.0 1.0 1.3
MA; ITS 1.0 1.0 0.7 1.0
MA, IT6 1.0 0.7 0.9 0.9
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PIIRRES ¢
I TZ T ITZ I TE
KE4 | RES KA 6 KEIT KH 8 KE 9
1.0 1.2 0.7 11 13 1.0
038 11 0.9 13 0.7 1.0
0.7 11 0.7 0.9 0.7 1.0
13 08 12 1.0 13 1.0
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Table 3 Process routes for sample artifacts

[14-16]

ABIT A TR IF | IF | IF | IF | IR IF | IF | IF | IF | IR | IF
TS TyEa 1 2 3 4 5 6 7 8 9 10 1 12
T2 1 2 6 3 0 1 2 7 2 5 — —
TestMod_1 TR RE IT10 IT8 IT9 IT7 0 IT10 IT8 IT7 IT7 IT10 — —
Fsf [R] 22 /min 20 24 22 15 5 18 24 16 18 7 — —
T2 1 2 0 1 2 0 2 0 3 9 8 5
TestMod_2 TR IT11 IT8 0 IT11 IT8 0 IT8 0 IT8 0 IT7 IT10
i )3 28 /min 25 32 5 28 43 5 14 5 24 2 13 10
TZA 1 6 0 1 2 0 m 2 9 7 5 —
TestMod_3 TR IT11 1T9 0 IT11 IT8 0 IT9 IT8 0 IT8 IT10 —
Fsf [R] 22 /min 30 28 5 25 31 5 35 29 2 21 14 —
T2 1 3 4 0 3 9 4 5 — — — —
TestMod_4 TR IT10 IT8 IT7 0 IT8 0 IT7 IT10 — — — —
i )3 28 /min 18 22 27 5 16 2 27 10 — — — —
T2k 1 4 2 0 2 4 9 3 5 — — —
TestMod_5 TR K RE IT12 1T7 IT8 0 IT8 177 0 IT8 1T10 — — —
sk (E] 1 22 /min 29 33 16 5 24 20 2 25 6 — — —

R4 BEROITBEANIMGHER

Table 4 Artifact information in each sample worksheet

THFS TS

X O 705 81 LA

{TestJob_1, Testlob_2, Testlob_3, Testlob_4, Testlob 5,
TestJob_6, Testlob_7, Testlob_8, Testlob 9, Testlob_10}

{Testdob_1, Testlob_2, TestJob_3, Testlob_4, Testlob_5,
2 Testlob_6, TestJob_7, Testlob_ 8, Testlob_ 9, TestJob_10,
TestJob_11, Testlob_12, Testlob_13, TestJob_14, TestJob_15}

{Testlob_1, Testlob_2, Testlob_3, Testlob_4, Testlob 5,
TestJob_6, Testdob_7, Testlob_8, TestJob 9, Testlob_10,

{TestMod_3, TestMod_1, TestMod_1, TestMod 5, TestMod_2,
TestMod_2, TestMod 4, TestMod_5, TestMod_1, TestMod_5}

{TestMod_5, TestMod_2, TestMod_1, TestMod_3, TestMod_1,
TestMod_3, TestMod_1, TestMod 5, TestMod 2, TestMod_5,
TestMod_2, TestMod_4, TestMod_2, TestMod 5, TestMod_4}

{TestMod_1, TestMod_4, TestMod_4, TestMod 5, TestMod_3,
TestMod_5, TestMod_1, TestMod_3, TestMod_2, TestMod_3,

E TestJob_11, Testlob 12, Testdob_13, TestJob_14, Testlob 15, | TestMod_1, TestMod_1, TestMod 2, TestMod 5, TestMod 2,
TestJob_16, TestJob_17, TestJob_18, Testlob_19, Testlob_20} | TestMod_3, TestMod_5, TestMod_2, TestMod_4, TestMod_4}
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Fig.10 Comparison of SSBFTW and SSBDTW experimental results
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Wi fi% T4 Testdob_11 A4 8043 K i 1. T B, Bk

AT R R L

TestJob_1 TestJob_2 TestJob_3 Testlob_4 Testlob_10 TestJob_12 Testdob_14 TestJob_11 TestJob_5 TestJob_13

TestJob_15 TestJob_6 TestJob_7 Testlob_8 TestJob 9

B B B .
wa, [ e
.l .
O e
-
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56.2 112.4 168.6 224.8 281.0 337.2 3934 449.6 505.8 562.0
Jin TR [E]/min
(a) JCIsh FRYIEREZY

TestJob_1 TestJob_4 TestJob_10 TestJob_12 TestJob_14 TestJob_11 TestJob_15 TestJob_13
TestJob_7 TestJob_9

57.5 115.0 1725 230.0 287.5 345.0 402.5 460.0 517.5 575.0
JNT ) /min
(b) BRI T LR
TestJob_1 TestJob_2 TestJob_3 TestJob_4 Testlob_10 TestJob_12 TestJob_14 TestJob_11 InsertJob_1 TestJob_13

Il B B BN BN 0 B = .

TestJob_15 TestJob 5 TestJob 6 TestJob 8 Testlob 9 Testlob 7

MA, [ | e | |
ma, |BEEEEE | N N I N -
MAs . | e B
va IS 00 .

1 1 ]

61.3 122.6 183.9 245.2 306.5 367.8 429.1 490.4 551.7 613.0
ST i) /min
(c) 2HmPRILEN T iYL R
12 TE2[0,5] HiAELEREHE
Fig.12 Gantt chart of scheduling results of work order two [0, 5] stalls
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equipment failure, urgent order and undisturbed state
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Development of Experimental Study on Cutting of Al-Li Alloy

YAN Dong, LI Guohe, WANG Feng, FAN Jianxun, WANG Dachun
(Tianjin University of Technology and Education, Tianjin 300222, China)

[ABSTRACT] As an advanced lightweight material, Al-Li alloy has relatively low density, high specific strength and
stiffness and good fatigue properties. It is widely used in the field of aerospace. However, adhesion wear is easy to occur
in the cutting of Al-Li alloy, which leads to a series of problems, such as poor machining quality and service performance.
Therefore, domestic and foreign scholars have carried out relevant research on the machining of Al-Li alloy. This paper
summarizes the research on the cutting experiments of Al-Li alloy in recent years, focuses on the research results of cutting
force, cutting temperature, machined surface quality, tool wear and parameter optimization. The existing problems and
future development direction are pointed out. It can promote the development of Al-Li alloy cutting technology.
Keywords: Al-Li alloy; Cutting force; Cutting temperature; Machined surface quality; Tool wear; Parameter optimization
DOI: 10.16080/j.issn1671-833x.2023.06.108
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Fig.1 Application of Al-Li alloy in aerospace field
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Fig.4 Surface hardness and surface hardening degree under different feed per tooth and milling speedm]
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Fig.5 Surface morphology of Al-Li alloy’
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Fig.6 Surface morphology of milling Al-L.i alloy
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Fig.7 Results of crack detection by fluorescence penetration test™
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Fig.8 Near-cutting surface and matrix microstructure
(a,=1 mm, a,=20 mm, v,=1300 m/min, f,=0.05 mm/z)""

[44]

FE VTR TTEL SR B 55 , S ) e R R A
6 B

THELTH N TSR A 0 f A S DT TR 5
4 R 28 R I e, AR TP AR ) P 25 S B A8 T A
REARALA ) 2T BE

B U BT RN R SR LR ST T SR TR
JE TR AL, T e AR S B, e Sr 1 LI R 22 B
RGP BAR R s B AR & e DT S XA i,
STHAHATI AR I T ISR IIE, TR P IR
THTHLRE BE S5 AR L BR RN AAE B b SRR RO AL 5
TN B AR R BT AL A0 B A DT I S AR 13k
[ e ) | S (1T Sl = e A T
LRSS L VT RE 0 e Ak B AR, 57 72 A
DAL R 2 A bk R DU A5 150 5 BE M 2 80
w4 E . WNBEBISORE  AEVTHIIN T 28tk 2
PARERL 2 R TS B2 S84 D DA B A, il ad >R
R HEIC AT /N IR SR BELIE SR AT B F
w5 % A28t JF 5 H RS R S S T 24
AL TR D

7T ARRERER
71 HRBARE

(1) R THEA 2V EIE s Sk, - H kb
KTHEAE S 5RA 2B XT T,

(2)FEVIHI I 7T, BRI T T REMF I IS T
— i A HI IR S5 A — 2, Hoh ST UIE] ) 9wt
FERZ TR YIHI ) 05 8, % T 8 B P sh S VT HI
JIRISE AT HE

(3) ZEDI L EE J7 1, AR T YIS E0o0 YT
T RE B2, AN A WY LR R B . A R e ek
X T) 0 30 A IR S, B A e i AR A U L L

50 um
M

50 pm 50 pm
- :

ol

(a) WA4JIE  (b) TIAINGZIE  (c) TINGZJIA
9 3FMTIEMBERERLE P
Fig.9 Contrast of tool wear made of carbide™
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