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A Review on Cutting Process Simulation and Intelligent Control of

Difficult-to-Cut Materials in Aerospace Industry

ZHAO Biao', WANG Xin', CHEN Tao', DING Wenfeng", FU Yucan',
XU Jiuhua', ZHAO Zhengcai*, CHEN Qingliang
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AVIC Chengdu Aircraft Industrial (Group) Co. Ltd., Chengdu 610092, China)

[ABSTRACT] With the continuous improvement of service performance requirements of aerospace key components, the

difficult-to-cut materials, such as high-performance titanium alloy, nickel-based superalloy, high-strength steel, are widely

used in the manufacturing process. Cutting process is the main machining method for these difficult-to-cut materials,

whereas the problems should be faced, including the low cutting force, high cutting temperature, severe tool wear, poor

machining quality. Recently, researchers have done much work on the prediction and control the cutting force, cutting

temperature, tool wear and surface quality in the cutting process. This article systematically reviews the simulation and

intelligent control technology of cutting force, cutting temperature, tool wear and surface quality in cutting process of

difficult-to-cut materials in acrospace industry, and the problems and challenges are then analyzed. Subsequently, the future

development trend of the simulation and control technology on cutting process is prospected.

Keywords: Finite element simulation; Intelligent control; Cutting force; Cutting temperature; Tool wear; Surface integrity
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Fig.11 A brief description of the online measurement and compensation system
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Fig.16 Real-time simulation method and system diagram of thin-walled milling process based on digital twin drive
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Research Progress on Machining Condition Monitoring During Milling of
Aerospace Thin-Walled Parts

YUE Caixu, ZHOU Tianxiang, QIN Yiyuan, WANG Le, HU Desheng
(Key Laboratory of Advanced Manufacturing and Intelligent Technology, Ministry of Education,
Harbin University of Science and Technology, Harbin 150080, China)

[ABSTRACT] Precise monitoring of machining status is the premise and guarantee for realizing deformation control
of thin-walled parts. The latest research progress of milling machining condition monitoring of aerospace thin-walled
parts is reviewed, and the key technologies and methods for establishing machining condition monitoring models are
introduced in detail, including information collection and processing, feature extraction and feature fusion. It summarizes
the development status and defects of scholars at home and abroad in the process of thin-walled parts processing on the
specific state monitoring of tool grinding damage, milling flutter, milling deformation and so on. And based on the digital
twin technology, a twin system for monitoring the milling processing status of thin-walled parts is constructed. Finally,

according to the current development level of this field, the status monitoring of milling processing of thin-walled parts is

prospected.

Keywords: Aerospace thin-walled parts; Feature extraction; Tool wear and damage; Milling chatter; Milling deformation;

Digital twin
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Table 1 Design of experimental scheme

Xy X, Xg
1 10 15 15 601490
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3 5 15 10 591457
4 10 15 5 591457
5 15 10 15 646627
6 10 5 5 552154
7 15 10 5 529069
8 5 10 15 528916
9 10 5 15 563793
10 15 15 10 601588
11 15 5) 10 563703
12 5 5) 10 552394
13 5 10 5 627224
F2 MMRESLMALER
Table 2 Optimization results of proportion of added mass
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Table 3 Result of modal test
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Vibration Suppression of Thin-Walled Parts Based on Additional Mass and
Eddy Current Damping

LIU Haibo, ZHANG Hongze, WANG Chengxin, MIAO Huanhuan
(Key Laboratory for Precision and Non-Traditional Machining Technology of Ministry of Education,
Dalian University of Technology, Dalian 116024, China)

[ABSTRACT] Aiming at the chatter problem of milling thin-walled parts, a vibration suppression method based on
additional mass and eddy current damping is proposed. Firstly, a dynamic model of milling machining of thin-walled parts
is established, and the influence law of additional mass and eddy current damping on the machining stability region is
obtained through flutter stability analysis; Then an optimization method for added mass of thin-walled parts is proposed
to obtain the optimal added mass layout and mass proportion; Finally, a set of thin-walled parts processing vibration
suppression device was designed, and the thin-walled parts milling experiment was carried out. The research results show
that when the additional mass combination [15,10,15] and eddy current damping are added at the same time, the thin-
walled workpiece machining vibration is significantly suppressed, which verifies the effectiveness of the proposed vibration
suppression method.
Keywords: Thin-walled parts; Vibration suppression; Additional mass; Eddy current damping; Modal analysis
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Tool Wear State Identification Method of Thin-Walled Parts Milling Process
Driven by Digital Twin

SONG Qinghua"? PENG Yezhen"?, WANG Rungiong"?, LIU Zhangiang"?
(1. Shandong University, Jinan 250061, China;
2. Key Laboratory of High Efficiency and Clean Mechanical Manufacture, Shandong University,
Ministry of Education, Jinan 250061, China)

[ABSTRACT] Due to its weak rigidity, thin-walled parts are prone to chatter and deformation in the milling process,
which aggravates tool wear. In order to improve the milling efficiency and surface quality of thin-walled parts, a tool wear
state recognition method driven by the fusion of digital twin and support vector machine (SVM) is proposed. The feature
vectors are extracted by time-frequency domain analysis and wavelet packet transform. The super parameters are optimized
by grid search and cross validation (GSCV). Combined with SVM algorithm, the wear state recognition model of milling
tool for thin-walled parts is constructed. The experimental results show that SVM algorithm has obvious advantages in the
classification and recognition of high-dimensional and small sample data. The recognition accuracy of different milling
cutter wear states reaches 96% and 90.16% respectively, and has good generalization ability. Combined with machine
learning algorithm, a high fidelity and lightweight digital twin is constructed and embedded into the milling process
monitoring platform of thin-walled parts, so as to solve the problems of real-time signal monitoring and online recognition
of tool wear state in the machining process.

Keywords: Digital twin; Support vector machine; Tool wear; Wavelet packet decomposition; Online identification;

Thin-walled parts
(Vi &A1)
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Fig.4 Generation of accurate camber curve
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Fig.9 Inverse computation of B-splines control points
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Smooth Modeling Method With Uniform Parameters for Blade Surface

TIAN Ye', NING Tao?, CHEN Zhitong
(1. Laboratory of Advanced Machining Technology of Sculptured Surface,
School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;
2. Laboratory of Aircraft Manufacturing Engineering, School of Mechanical Engineering and Automation,
Beihang University, Beijing 100191, China)

[ABSTRACT]

method with uniform parameters is proposed. First, according to the curvature characteristics of the blade, the data points

In order to further optimize the quality of the blade surface model, a blade surface smooth modeling

of each layer of section curves are divided into four parts: pressure side of blade, suction side of blade, the leading edge
and the trailing edge. The center of the circle is used to generate the induced curve of the camber curve of the blade. Then,
a series of inscribed circle centers of the profile of the blade section are obtained by the Newton iteration method, so as to
obtain the camber curve, which is smoothed and arc length parameterized. Using the method of camber curve-thickness
distribution, combined with the transition curve to generate a smooth cross-sectional contour curve to ensure the continuous
curvature. Finally, a smooth blade surface model is generated by lofting and fusion optimization algorithms. This method
is used for model construction and processing of data points of a certain engine blade. The result analysis shows that the
optimized surface model has better smoothness, which avoids the problem of tool path fluctuation caused by the unsmooth
model.

Keywords: Aero-engine blade; Unification of parameters; Smooth styling; Arc length parameterization;

Continuous-curvature
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Table 1 Deformation force data
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6.125
—-10.349
-8.741
—-8.594
3.499
10.339
—-3.646
-1.313
-1.313
8.888
6.419
—7.135
—-6.557
-4.518
-3.783
6.556
-2.038
-0.578
-2.038
0.441
4371
2.773
5.243
9.477
15.739
—-4.802
1.019
2.774
38352,
2.627
-8.291
7.291
10.054
10.936
6.125
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i 3
—-4.949
-5.851
—-17.983
-13.181
-40.915
—-1.048
—1.646
-10.799
-3.302
10.496
—-2.401
-1.95
-11.093
—2.244

6.302
-3.156
—4.204

—-11.398
-2.401
—7.497
—-3.156
—2.852
—-15.298
-12.75
-9.301

0.147
-0.157
-3.45
2.244
8.839
1.793
1.95
9.29
6.448
3.292
4.949
4.802
26.225
23.226
17.395

i 4
3.273
4.312
10.858

—-25.137

—34.359
0.745
0.598
5.361

—-19.345
5.057
1.343
0.598
6.39

-16.807
4.459
1.333
0.294
2.675

—-12.936
-1.627

1.49
-0.147
-2.528

1.343
8.624
0.891
-0.451
-1.196
6.399
10.564
-0.597
-2.077

-12.054
-4.165
—-1.342
0.735
0.441

-10.721
11.603
7.879

(b) ¥Fahk A
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Fig.7 Reconstruct residual stress field

100
80
60
40
20

0+

-20

-40

-60 1 1 1 1 1 |

0 5 10 15 20 25

JEE%/mm

8 EXRERERFANEMLER
Fig.8 Results of global residual stress

— XI5
— Y51l

BRANNL S IMPa

reconstruction of blank

WG EB—IR, IEEFETES L
TR (e e eI ]y &l 10 (b)
Ji7n, Z )5 e BELR S BEAME , 15 31
AT 5 Ja D Z A T AR
FEa, S AE 10 (¢) Fin, 1
PETTER T 20 2 A RS r -
FEAE A BT E/NT 0.15 mm ; JEifE
D X 3E A 19-FATEE/N T 0.12 mm,
e A 555 D By B AN 11 s,
TN I TSR - S A -1 B
9 0.11 mm;; v D XPEEAE A AT
4 0.04 mm,

MRYPEZ LA I TGO, 322
K E 2N T T4 3k, @i
0 T R I R T TG R AR A S S



Processing State Monitoring and Deformation Control of Thin-Walled Parts ﬁﬁ#hﬂIﬁ?ﬁﬁﬁlﬁ@%ﬁﬂ

U, Magnitude U, Magnitude

+8.317e-01 +2.601e-01
+7.624e-01 +2.384e-01
+6.931e-01 +2.167e-01
+6.238e-01 +1.950e-01
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+2.772e-01 +8.668e-02
+2.079e-01 +6.501e-02
+1.386e-01 +4.334e-02
+6.931e-02 +2.167e-02
+0.000e+00 +0.000e+00

(a) INTA7E0 mm,
75 IE40.790 mm

U, Magnitude U, Magnitude

+6.787e-01 +6.426e-01
+6.221e-01 +5.891e-01
+5.656e-01 +5.355e-01
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+0.000e+00 +0.000e+00

(e) IMLAZES mm,
78I 450.648 mm

U, Magnitude

(b) INTA7EL mm,
7RI HE0.239 mm

(f) JNTA7ES mm,
75IE420.613 mm

U, Magnitude

+5.418e-01 +2.180e-01
+4.967e-01 +1.999e-01
+4.515e-01 +1.817e-01
+4.064e-01 +1.635e-01
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(¢) MTALHE2 mm,
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U, Magnitude
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+3.328e-01 +6.730e-02
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+1.664e-01 +3.365e-02
+1.109e-01 +2.243e-02
+5.546e-02 +1.122e-02
+0.000e+00 +0.000e+00

(g) INTLAZES mm,
F I 40.634 mm

U, Magnitude

U, Magnitude

(d) InTA;E3 mm,
7RI HE0.209 mm

U, Magnitude

(h) N TAZET7 mm,
I 40.122 mm

U, Magnitude

+7.297e-01 +9.43%-01 +5.202e-01
+6.689e-01 +8.652e-01 +4.768e-01
+6.081e-01 +7.866e-01 +4.335e-01
+5.473e-01 +7.079e-01 +3.901e-01
+4.865e-01 +6.292e-01 +3.468e-01
+4.257e-01 +5.506e-01 +3.034e-01
+3.649e-01 +4.719e-01 +2.601e-01
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+2.432e-01 +3.146e-01 +1.734e-01
+1.824e-01 +2.360e-01 +1.300e-01
+1.216e-01 +1.573e-01 +8.670e-02
+6.081e-02 +7.866e-02 +4.335e-02
+0.000e+00 +0.000e+00 +0.000e+00

(i) AnTAzE8 mm,
A3J¥40.687 mm

(j) INTAZE mm,
AR 5-0.892 mm

B9 AEMIRENEREHMIETRHE

(k) MTALE 10 mm,
I 4£0.499 mm

Fig.9 Simulation of machining deformation with different machining allowance allocation strategies
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Research on Deformation Control Technology for Thin-Walled Parts
Based on Responsive Fixture Adaptive Machining Process

LIU Shuming, HU Boqin, ZHANG Chunlong, LUO Zhaozhu
(AECC Harbin Dongan Engine Co., Ltd., Harbin 150066, China)

[ABSTRACT] Aeronautical thin-walled parts are characterised by large dimensions, thin walls and high material removal

rates, which is highly susceptible to machining deformation problems. Machining deformation seriously affects the quality

of the parts machined, therefore, the machining deformation control of aviation thin-walled parts is of great importance.

In this paper, a transmission reverse disc is used as the object of study, to optimise the machining position of the part by

reconstructing the global residual stress distribution of the blank based on the monitored deformation forces during the

machining process, at the same time, combined with the responsive fixture adaptive machining process, which enable

effective control of the machining deformation of the part. The actual machining tests control the flatness and parallelism

of the part to 0.11 mm and 0.04 mm respectively. The results show that the method can significantly control the machining

deformation of the part.

Keywords: Thin-walled parts; Deformation control; Residual stress; Responsive fixture; Deformation force
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FIXH R TEH, HF, b L, F. PVD R BT AHE GHAL69 3342 A REST I [J]. At % #l:&# K, 2023, 66(3): 78-84.
YU Zhongguang, PU Rong, HAN Zhanlong, et al. Performance comparison of PVD coated cutting tools in milling of
GH4169 superalloy thin-walled workpiece[J]. Aeronautical Manufacturing Technology, 2023, 66(3): 78-84.

PVD & 271 E5tH] GH4169 588 & E B A MaEXTEE

FRNg,HE =, Bhk, TiEE, FER
(B E TR A% (R4 BAyA RN E, 14 214101)

[HEE] AMEZ[BELEEm IR MK B, FFL T R BB SIR R R BTl 71 Lty %k, R
WK B 4509 7 sk AR R A 7] Bk @it AR T AITIN/TIAIN. AICTN/TIAIN #= TiSiN/TIAIN 3 #F B4 & . R 2#
W AL AR ERAE AR BAEAET 3FR BN EEmERE PR, £ EakseRET T R ET B 094t
HlaXEe, RET T AB N @BEARBR 535 i) 71, 5 A T R E R E AL BT ey R . AFR &M, TiSIN/TIAIN
hEBRFHURELERT, f4EN 24 m i, B ABERR D, RAEREDE GBALR AR, AICIN/
TIAIN & E 5 5 & JE B T A5 K, 205 24 m JG, 71 Bt k3,125 3R A4 454 55 R = £, AITIN/ TIAIN & ER2 %
5t AT T, B B RESE, 40 12 MmN R 25 AR EL HRAS AT A %M., Rk & RAREE
5wt B T3R8 B R A ROR ) 7T B B iR AR e B, AR & T B E G

KER: BIRAE; B R B B ok, B

Performance Comparison of PVD Coated Cutting Tools in Milling of GH4169 Superalloy
Thin-Walled Workpiece

YU Zhongguang, PU Rong, HAN Zhanlong, YU Haonan, CHEN Zhangyan
(Guohong Tools System (Wuxi) Co., Ltd., Wuxi 214101, China)

[ABSTRACT] To solve the problem of high vibration and severe wear when milling superalloy thin-walled workpiece,
the influence of different coating systems on milling tools was studied. AITiN/TiAIN, AICrN/TiAIN and TiSiN/TiAIN
double-layer coatings were deposited on the carbide tools by arc ion plating. The morphology and mechanical properties
of three coatings were characterized by scanning electron microscope, nano indentation instrument and micron scratch
instrument. Milling tests of coated tools were carried out on a high-performance milling machine. The tool wear condition
and cutting forces were collected, and the performance of different coatings during milling was analyzed. The results show
that TiSiN/TiAIN coating has the highest hardness and wear resistance factor, and the wear of flank surface is the smallest
after 24 m of milling, but the coating is easy to bond with the superalloy. Compared with TiSiN/TiAIN, the hardness and
wear resistance factor of AICrN/TiAIN coating are smaller, and the tool is close to failure after 24 m of milling, but the
bond with superalloy is not so serious; AITiN/TIAIN coating has the smallest hardness and wear resistance factor, and the
most severe wear condition. The tool has failed after milling of 12 m, but the bond between the coating and the superalloy
is the slightest. Therefore, coating with higher hardness and wear resistance factor can effectively reduce the wear of the
tool when milling superalloys and prolong tool life.

Keywords: Superalloy; Milling; Coating; Wear; Cutting force; Thin-walled workpiece

DOI: 10.16080/j.issn1671-833x.2023.03.078

78 WiZsMiEH A - 20234E 55668 55 310]



PN
RESEARCH Hlt%tei

A A AR REE R R IR T AR, SRt
B DL R AR IR IR A 4 B R s 22 R AR
EMES YRR A kL, i B SR & 20
BN 2. A A R — 8T LA 3] 600 °C, i
FRBLEER A 4 R HEIA ] 1000 C LA L, Y A TR R
Al L 1l T2 L B 5 Tl 45, B

PR A N T A s A T U E T K YR
N TREAL 5, SAEG TAPRIAE LG, B i 4 vk
AT SR, AT S AR B S R RN A
BARY 13, DI TR 5 7 A il , 5 ) EL e Tl
JiE B BRI Ah, R A A VI I TR AL RS
FENHREAY 2 TR RE RT3 0 G KUK, 33X 75 S T R AT
U, R TEA AT TR DL 20 AL S R
) 1 N Y SR R AR SIE 0% O % Y LS s
TR AR R A TR TS R R
T Tl A5l 7 43, {8 R 2 A 1) o T e 2 3 3
FETm 22 N RS FEAR . TR ARSI R BR AR K%
FOL, 3% 2 B T T ELAE BRI HERE R R G AR (B
JEH5, B T IEH IR ShAME 2 B KB R , ™ 50 ]
HAn TR vE B MERECR A BR 2 S 8O R S50
TR ARE A SR M R AR BT i T LSS T A Y
A B  E ERAR , N A 1 A 7E T L gk B
DRI, B o ) 70 5L P 458 94 [0 i - D /) B I 7 R 45 i)
JEAR R A A RE DT A A A O

TR R A 4 DT AT LG 2 B s SRR S e s
Tirf B 3R W )2 T L 5 R IR 2 JT HAR e, HAT Y
FEHETE, BN H WA E RS S YVTHHRZA AICIN,
TIAIN . TiSiN FI TIAISIN 5 By B2 v dgs 2 i 48
B RS AR v LA B S IR B AR fiE 1. Ucun
2 U2 e K20 1 K50 1 it 4 4 2 i il % 7 AICIN,
AITIN ., AICIN/TIAIN 1 DLC 2534 2, 347 T A [H%
JZHT Inconel 718 #7541 DT I R O AR L,
RIGUERA, i VR 2 70 B A4 0 45 Wt () 1k RE AR T
TERIZTIE S, AICIN WRJZTCIS e 2w i &
B TR AP I RE 71, 1T DLC IR 2N AE BT 45
P, Li % M, TIAISIN )2 &S TIAIN
LA W ) g 2 R S TR A B i S A TR A
SRIUTEN, R, R RIS (HIPIMS ) BRI T 5
FATE Y TIAISIN ¥R 2, G35 Sl sp 2 8540 s 4s &
PR EER KUZLER 4 JZE5FR 8 J2E5H, IR T HE
60 m/min £33 B T Inconel 718 B (1914 2 fig, 45
BRI, B A2 A5 15 8 RIS R BAT BBV
I Z P, Reolon 2 M R IR HLIKUTFR (CAD ) 5%
Th ik HIPIMS BiFD T2 35114 T AlgeTio N 1R)2,
PR 2R A N b LT—2k, {HiE i HIPIMS T2

il & AR 2 B /N FL R A R i B B AR T I
F A AR S A BT A AR R BE , ZEXT Inconel
718 B AL IR A A WS I TR, HIPIMS T 21 4%
FIUR 2 7] HALA 5K VI i, ARBFIE AR, X Fh i
IAVERE A4 THRIE T HIPIMS T2 F i 27 H LA
KA ERGEE LRI SR, BRILZ A, P2 E Wik
T HAEE A A S VTE R )Z, 45 AICISING
CrAIYNP TizeNE F1 TIAIN/ALO,M 45

BT, =S A VTH R Z 5 2R th 7R
JZ SIS L, SEBRRH TFIIE] T B T
FHIE . AHFFE R H RS 795 T2 i85 AN [A) Bl 14
Z 1 PVD 1R )2, i1t LR 2 T HAEAS R B Bt 1 S 45
O, ST 58 IR = AE BRI T A PE R 5520, 2 GH4169
A A T RE R IR 2 B PR S K

1 #RENEBHFH&E
11 RETEHE

KNS T8 T Al & 4 3k Bl & T 3
FOUZEZE . B4 M Balzers Ingeina 124, Fr H
EE*/T@@%EFH@E Ti0.33A|0.67\ TiO.SOSiO.ZO\ A|0.7ocr0.30 Lj&
A2 T T oAl s00 LRRIR BE A 550 C, FEA4k 4 — 80
VI8 2P R 4E 3.5 x 107 MPa (9 &S ., TR BT ]
30~45 min, JJHZER BRI A B ORF B 7% LR
PRSI B, 3 MRk 2R R HIE 2 um £ 145,
PRI )Z SRR B RIS G 1 2T st i
TH RS BT . AT R B SR N
T B 200l LUARAS 1% AL 3R 18, ZI 0l i R -800 V., R
T TR, 12 T B P S SR PGS A EE 25
FRE S IR
1.2 BRERME

T S A T S ( Ziess EVO18) 315428
5 5182 7] BB HI G R i BEBURRE , IR iR 2 2%
BAHLEE ;s SR X B4R ( Bruker Xflash 6130 ) 4317
WIZBEHITETG TC R AL 5 R K IR AL ( Bruker
Hysitron T1 Premier ) 73 iR 2 0 B S PRAss o, e K4k
fif 8000 uN, 3k 1% ] Berkovich (%25 4 Ml 41 41K 3k , &5
MRIZPRYCRAE 8~10 8 HOF B S A 4551
1.3 ®RENERKY

=D AR RS RN IE: 8 S AN E S W R
Sk 5.5 mm, BRSO A R 0° L5 FA AR 13° g
A 17° 7)1 Af4LE 10~20 pm. U5 SR H s bERE in T
L>( Fanuc o~D14MIB ) #F 7785 3 w3 T A 4 v BE 14 S i
BEEI PRI, BARBEHI S En R 1 s, gom TPk
“h GH4169 il & 4 K T iR, iR 125 mm 5 50
mm JE 4 mm, H =222 O RSN ER 2 Al
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{4 T HABE IR = A 1 155, I Dynoware ¢
PEXT RS 5 AT AR, I8 T B 7 T 5 R A 1k
LA N T RIER 645 F A T Sk B R4 it
A EWAE 1R,

2 HR5ie
21 BREERSmS

AITIN/TIAIN . AICIN/TIAIN 5 TiSiN/TiAIN 3 Ff
W RIS 2 UiR, 3 FRZRE 25108 1.97
um.1.88 um i1 2.07 pum, ¥R )2 PRI 58058, JofL Pk
B, HI 53R R RAFIZE & S & o REL,

®1 BHIBH

Table 1 Cutting parameters

| I
Eatiitic biize) T U
4]; DAY t = . A\
LIRSy (e (mme g )|
min™) min™) (°) (°)
6%
0.5 0.3 2500 ‘ 800 ‘ 15 ‘ 0 2L
%2 GH4169 HiRG & MIEERE
Table 2 Physical properties of GH4169 superalloy
[ | ]
eyl (TJE3 PpERTRY | BTUIRCR | BUSREES
C (HRC) GPa GPa MPa
1260~1320 | 40.5 | 199.9 | 77.2 | 965

®3 GH4169 BBAESUFERF(RENH)
Table 3 Chemical composition of GH4169 superalloy

(mass fraction) %
/[ ! | |
Ni | Cr | Mo | Nb | Fe
54.1 | 18.3 | 2.7 | 4.8 | 20.1

JeH
MI

1 KRS
Fig.1 Experimental setup for milling
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ghI, SR, 3 FPURIZSNZE o34 5 BT SRR A
A3 AR, H Ti R F B & LB B FE AITIN/TIAIN AT TiSiN/
TIAIN ¥ J2 b 247w = 1 A4 X 7 4 J& I 5 L, 1 Cr
JE BT 5 LG 7E AICTEN/TIAIN 1 )2 g e T804
X R 4 J SR L, 38 T TR B Ak RO [ B il iy
Ti 5 Cr X far g 5 s fb 904 Si 5 Al RIRZ,
RO &2 BER B RN Ti B 75 Cr B FREAS )ik
JIHARm W,

22 BRENZFERE

W2 HREEE H SR PR E L HIE TR ) A
URIZVIHIPERE A T2 7 2A 280, 3 2L Tk 2 244
AT DAARAS VR J2 At S 1k e LA B &5 6 1B, I DALY Ry
BZLEA I PERE RO I P

YK IR A IAS T 3 Fhid J2 (A 2 DA K 5Pk
M, RS B T R S ECHIE, nE 3 BT R,

(a) AITIN/TIAIN

(b) AICIN/TIAIN

(c) TiSIN/TIAIN

2 HRE#E SEM iR
Fig.2 SEM morphology of coatings
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Fig.3 Hardness, elastic modulus and wear resistance factor of coatings
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B354 32.9 GPa ., 35.5 GPa #i1 42.5 GPa ; A% &35
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TiSIN/TIAIN ¥R 2RI T fie i 90 KA B 5 50/ it
PRSI, LA A A B K At B A, HIE SR %1 T
0.139, AITIN/TIAIN ¥ JZ 304 S (IR A 24 KAt 2 55 B A
F HIE, HIE AV} 0.107, 1fif AICYN/TIAIN 7432 44 KA
5 DR A TR R =2 6], HIE 2 0.124, TiSiN/
TIAIN ¥R 2 Z T L RRAE AT 55 o e Bl B 5 AR A A
5K I NFRZE A A G, L B SRR ZE IR
BT AR SRS SigN, A, X2k A RERS7E TIN ks [
WFEIFTE BELER SigN, B, J ] Aok KR i [ BH A5
T AR A B B P, RS SigN, BT SO TR
ZRALT R4 et AR TR 68 11, 76 32 BT Rl 1
PEARTE WA 22 B AT TN AN R A= BT 5 . DRI, 3o o v s
B AR R R AR RS TISINATIAIN 1227688 R
T BF AT
23 TIEEHRSH

I W4 T AITIN/TIAIN . AICTN/TIAIN F1 TiSiN/
TIAIN 3 FiR )2 7] BAEBE Y] GHA169 il A 4 i AN [ s
PR SRS S VIHI 155, ZEMT. 4 m.8 m,
12 m.16 m.20 m LA K 24 m J5 , /0 9R4E T J1 RS T
Y BER IR R, DU T B S8 R, IT 4 T ) RS U T S
P . WA T B SRR i B e 0 T B A B
& VB =0.2 mm {E R JJ B ISH e bRt o 16 SEPREEH]
VB 7E/NT 0.2 mm B, JJEI1 0 — o 3 5) B, Ge
LR BU S BRI R s VB KT 0.2 mm B, JJHI) R
FEPE SRR R, R G B FOR U

e 4 R, 3 ik )2 i /MY & TiSINITIAIN

05
—m— AlgerTioasN/TIAIN

= 04+ —0— Alg70Cro3N/TIAIN
—A— TiggoSio20N/TIAIN

I S P 10 G JEE
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N THEE/m
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Fig.4 Wear curves of three coated tools

W2 BRI AITIN/TIAIN 732, 1 AICTN/TIAIN
WA T Wi Z0E, AITINTIAIN i 2 7] BLAE 6] 4 m
Je Ab TR BE L B, AEBEHI 8 m 5 HFARIE A R 5
BB, 70 1AL EL 22T LI SR BB R i s i e 2 2 1
TCEEANKIN 3 7 11 22 A U1 IR AR S HEB %1%, il
e R V) S5 2 R R 5 0 2 T AR o A 4 3
TRBEIE BESE , HIE Jss AR 1 599 5K 48N 12 m 5 B
ZoAE T VB=0.2 mm (R RCH e AR , Bl 8 — EL AL
TATRE BEWUIRES s AEBEH] 24 m )5, 0 2] DIOULEL S 3
X B S T8N G I, RS T AR BE i & 2 e T
TA P S e, " HE s TR Bt AICTN/TIAIN R
JZ T ELARBEH 4 m 5, S5 DB LA R0, A
1) W 5 K R Tt 25 BRI ) A T AR T A8 R, E ) 16 m
Je REMER B H 2 IX 5 HLON B3 AR e 2 /N 1T, ik 2
S T SRS B ) TR AN 52 in T As e P (R —
FRBE R T T B ILARS B T AR 2 i v A 5 R
PEZB, R BE I B B BT, AR BE I 24 m S R TE
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IKEN T 0.18 mm, 71 IR 4h H BB A i 1, #2302 345
TiSIN/TIAIN 1)2 1 B J5 7 1 B 161 th £k 5 M- 2%, 76 24
m AL TR 0.09 mm A2 A5 AL RENIER B A0 K 19 H 2F
TS EEARAE, J5 ) T 2R JCHEJZE i 1, JT BAT AR TR
FE BRI Bt H B A B AN T &4 .

& 54 3 FRZ T HAEBEH] 24 m 5, BT
B I DTG BB SR SR R o AN [R) A A 2E B 7E T R0 fE A
AT BA A A B 38 23— 45 5 0T DAV A8 Hh 4
WE R RE B s, K5 (a) i AITIN/
TIAIN )2 7] HBEH] 24 m 595 77 1 B 3 55, Ml
DB i UL 1) = A R g R A B i DX AL X A ) F
ZEIX, Bha X B p N TR TR a5 Y 26 45
00 T 2 B, 0T TR T S R B I A )N G S [
iR AR, K5 (a) PR AR IR 2 B
Je U B I/ INEROE AR TR A R AR B AR SRR SR TR TR 2
T D €0 R D 2 B o e SRR e w0 /N B s Tl A & 20 s |, X
FOEEZE S PR 2 M PR IR 2 A S8 B, it = A R B 4 X 1Y
N K. KRR EE XK AR IS T EDS 840 BT, 45 3 40
Kl 6 i, KEAHER TIRIZITCERSN, FE WA Ni. Cr,
Fe 5 O, U] T 71 X S A7 76 B 25 B 461 5 S AR BE i
P4 X 328 AT 70 A BB AL X S5 4 B AT T T TR Y
DUFERAR 107 DX o i DX 2 A5 ) s S e S 483 2 o P bR
X8, AR AE SR A7 AR R B 5 ) 1 A RUIRFEAYR 6, J& T 1E

50 pm
1]

200 pm : 50 pm

| I— —

(¢) TiSIN/TIAIN
5 REJEFIIEERTSR
Fig.5 Flank wear of coated tools
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Fig.6 Composition of materia adhesion on surface of coated tool
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Fig.7 Cutting force signal of coated tools
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Modal Characteristics Prediction of Robotic Machining Systems Based on Deep Neural Network

LI Fagui, WANG Ruogi, SUN Yuwen
(Key Laboratory for Precision and Non-Traditional Machining Technology of the Ministry of Education,
Dalian University of Technology, Dalian 116024, China)

[ABSTRACT] Due to large working space and strong flexibility, serial industrial robots are widely used in the machining
of large structural parts such as aircraft skin and aviation transparent part. However, the low stiffness of industrial robots
and large differences in the spatial distribution of dynamic characteristics lead to low limits of their milling stability,
significant variations in milling performance in different machining regions, and narrow windows of available process
parameters. It is important to study the dynamic characteristics of the robot milling system during machining and to
establish a positional correlation modal prediction model to improve the robot machining performance. In this paper, a
modal prediction method based on deep neural network is proposed for an ABB robotic machining system. Firstly, the
modal experiment of the robot processing system is carried out by using the Doppler vibrometer, and the spatial variation
of each order modal is analyzed. Then, according to the actual working space of the robot, an experiment is designed to
obtain the frequency response function set related to the pose, and the related modal parameters are accurately identified
by the rational polynomial method. On this basis, the hyperparamter optimization method is used to establish a deep neural
network prediction model, which can accurately predict the pose-dependent modal parameters in the robot workspace.
Finally, the experimental results show that the prediction accuracy of this method can reach more than 80%.

Keywords: Robotic machining; Modal prediction; Neural network model; Hyperparameter optimization; Thin-wall parts
DOI: 10.16080/j.issn1671-833x.2023.03.085
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Design of Testing and Verification Device for Installation Technology of Temporary Fasteners to
Composite Components

FAN Zhilei', YAN Chen?, HUANG Wen', WANG Hua®
(1. COMAC Shanghai Aircraft Manufacturing Co., Ltd., Shanghai 201324, China;
2. Shanghai Key Laboratory of Digital Manufacture for Thin-Walled Structures, Shanghai Jiao Tong University,
Shanghai 200240, Ching;
3. Shanghai Institute of Technology, Shanghai 201418, China)

[ABSTRACT] Excessive clamping force of temporary fasteners will cause damage to the composite holes and seriously
affect the static load-bearing and dynamic fatigue performance of the structure. The clamping force of the temporary
fastners needs to be controlled at the aviation assembly site. Therefore, in view of the fluctuation characteristics of the
output torque of the temporary fasteners pneumatic installation tool, a test and verification device for the installation of
temporary fasteners for composite structures was designed to explore the relationship between the installation process and
the clamping force. The input air pressure of the pneumatic installation tool is controlled by an electric proportional valve,
and the torque and clamping force during the installation of temporary fasteners are monitored by a torque sensor and a
clamping force sensor. The measurement system of the built device is analyzed, the repeatability is verified by the Pearson
correlation coefficient formula, and the uncertainty is calculated by the Bessel formula. The results show that the designed
device can be used to test and verify the installation process of temporary fasteners for composite components. This will
provide a method and basis for the formulation of temporary fastening technology at the assembly site of aeronautical
composite materials.

Keywords: Composite materials; Temporary fastener; Installation process; Torque; Clamping force; Measurement system analysis
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Fig.6 Design drawing of torque—clamping force acquisition system
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Table 1 Test data record form

o 1 H24 %340
HAE /(N - m) FKEIIIN HAE /(N - m) FEIIIN HIFE /(N - m) eI IN
1 0.9512 1760.0 1.0312 1843.3 0.9708 1781.3
2 0.9528 1767.3 0.9754 1845.0 0.9936 1854.7
3 0.9504 1775.0 1.0232 1897.3 1.1016 1935.3
4 1.0360 1864.0 1.0692 1914.0 0.8804 1724.3
5 1.0172 1837.3 0.9252 1809.3 1.0224 1809.0
6 0.8948 1718.0 0.9731 1856.7 0.9288 1805.3
7 1.0100 1834.7 1.0424 1759.3 0.8924 1832.7
8 0.9848 1788.3 1.0316 1856.0 0.9768 1787.0
9 1.0312 1841.0 0.9782 1783.3 0.9592 1859.3
10 1.0916 1947.3 0.9160 1850.0 0.9776 1842.6
1 0.9428 1832.0 1.0536 1842.0 0.9932 1829.7
12 1.0084 1896.7 0.9812 1838.7 0.9596 1828.0
13 0.9776 1887.7 0.9136 1846.7 0.9696 1794.7
14 1.0012 1842.7 0.9792 1774.0 1.0304 1855.3
15 0.9188 1766.7 0.9308 1808.7 0.9732 1810.7
16 0.9736 1829.3 1.0956 1937.3 0.9816 1849.3
17 0.9464 1840.0 0.9840 1806.0 0.9348 1743.3
18 1.0280 1837.3 0.9848 1821.3 1.0780 1809.7
19 0.9804 1841.3 0.9242 1774.7 1.0016 1826.0
20 1.0772 1902.0 0.8696 1717.3 1.0356 1883.3
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Table 2 Test data

5 HIHE /(N - m) JEIIIN
1 1.0096 1832.3
2 1.0072 1838.7
3 0.9932 1822.0
4 0.9964 1835.7
5 1.0104 1857.3
6 1.0070 1842.3
7 1.0058 1839.0
8 0.9905 1828.7
9 1.0086 1847.7
10 1.0052 1840.0

B R IEAN E BN
U, = Jus, +ur, =0.0591 N-m (9)
U, =\uy +uy, =585N (10)
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Research on Consumable Assembly Process Design Technology of
Non-Instantiated Standard Parts

DENG Haizhou', WANG Datao', WANG Liang", JIA Xiaoliang", LIU Mingxing’, SONG Hongpeng'
(1. AVIC SAC Commercial Aircraft Company Ltd., Shenyang 110000, China;
2. AVIC Digital Center, Beijing 100028, China)

[ABSTRACT] Aiming at the problem that a large number of non-instantiated standard parts in aircraft product have
not yet achieved consumable process design, the idea of two-level splitting and consumable allocation of non-instantiated
standard parts according to assembly requirements is proposed. Combined with the business structure process, the
secondary development of CATIA CAA was used to carry out the position-level split of the non-instantiated standard parts
R model, and their consumable allocation and management technology of non-instantiated standard parts in the assembly
process design process were systematically studied. System testing and application verification have been carried out on the
some products, AO creation has been completed, the consumable assembly process design of all participating parts has been
realized, the consistency and accuracy of manufacturing data and engineering data have been ensured, and good application
results have been achieved.
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Machining Feature Recognition Method of Corner Box Parts
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(1. Dalian Jiaotong University, Dalian 116028, China;
2. Key Laboratory for Intelligent Technology in Railway Equipment of Liaoning Province,
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[ABSTRACT] To improve the speed of NC machining process planning for corner box parts, the automatic recognition
process of machining feature was researched, and a feature recognition method based on single feature sequence graph
matching in recognition direction was proposed. According to the processing process of corner box parts, the machining
feature was divided into four types of front machining feature, back machining feature, front and back machining feature, and
side machining feature. The recognition process of machining feature was introduced, which included the key steps such as the
recognition and suppression of hole and transition feature, the generation and decomposition of attributed adjacency graph, and
the discrimination of machining feature types. The prototype system of the machining feature recognition of corner box parts
was established. A corner box typical part was used to verify the validity and correctness of the proposed method.

Keywords: Corner box parts; Machining feature; Attribute adjacency graph; Feature recognition; Graph matching
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Research on Influence of Different Automatic Fiber Placement Parameters on Porosity of T800
Carbon Fiber/Epoxy Composite

LIU Juntian, CHEN Ping, YAN Chao, XIAO Peng
(COMAC Shanghai Aircraft Manufacturing Co., Ltd., Shanghai 200436, China)

[ABSTRACT] Using T800 grade carbon fiber/epoxy resin unidirectional tape automatic laying prepreg, test laminates
with different thinkness were manufactured by automatic fiber placement process. The effects of curing pressure, laminate
thinkness and size, automatic fiber placement pressure and other parameters on porosity and porosity distribution were
investigated. Composites porosity intervals were characterized using ultrasonic C-scan. The results show that when the
curing pressure drops to a certain critical point, the porosity increases rapidly first and then slows down gradually; Thicker
laminates have higher porosity than thinner laminates, and there are more pores near the middle and bottom of the ply;
For laminaters with a larger size, the areas with high porosity are relatively concentrated near the middle of the laminates,
and the porosity interval is large; When the curing pressure is low, the laminates laid with a small laying pressures will
form a higher porosity; For large and complex composites structures, the influence of different automatic fiber placement
parameters on porosity also has the above trend.

Keywords: Composite materials; Porosity; Curing pressure; Automatic fiber placement; Ultrasonic inspection

DOI: 10.16080/j.issn1671-833x.2023.03.114

BREFAESE G AR TR s B R HORR B R RS APRER I R A2 2k A, T A A K E Bl
57 BUBMERRE, S Z R T RN G0 " Wi i T A AR RIS SR A A s

*BEWME: T RHLE TR AT H ( F-SFKT-0145 ).,
114 Wiz & A - 20234F 55 662 553 10)



PN
RESEARCH Hlt%tei

TS R e A B,

B A A i 2 e i v 25 5 TR s L Bt 5 R 5k
W, R A MR I PERE . Apk Y Akt sk
P2, FLERAE 0~5% S [P, AR 1%, 2[RI 8 D)5k
FERREZ) 7%, 25 Hi5m B N F%2 10%., PRI R i as 40,
XA MRS R FL IR R AR o, B 4 EEASRE
Mt 2%, 15 2 ARRHLBR A 7 ik 32 AT P ok Al
WYL MRRRR I | AR TR A S o
G IS A I 5 A AR I e i IR ik 22— i vk
fEEE H AR B AR S RS A R R A C
AT E AR RSB A FLBR R 2 2,

SEMFLBR B IE L) T A8 L 7 TR L3
FER TS HOS G A A BHLBR % 52 i 3 K H H T
YOI, ASCEER A s T A6 %
RIS Z M, R B R MREE RS | A shifi 22 e
B RIS HOT LR S LB 2R, IR FH AR
7 C HHHINTE SR RHZAFLEUR X ],y H shfizz T
SR AR RS

1 WBRHMERTE
11 EWR#&E

ARG AR R T800 Ziis 2T 4k | 355 i i
Bl B 22 R S5 2 6.35 mm, RIS ARi 16 223005 didL
T NPT A SR BUS (3R RE RO T2
FEAMRYZN, B T

(1) fhE=s 2/ -80 kPa;

(2) PAERENN T 21658 YA R B AL R, 24 R 73k
3] 140 kPa I, J 23 4% 5 RUBGH ;

BRI LR,
1.2 FEARX

3 S AR A L RHAC R B AL B R X L
P AThRE | WA AN [R)FL B0 0 P 9l R B 1)
KR ML, mth e mT FH ARG E 2% LR RFLER R, I SEhr
T3k LR T 2% O o e TRET 2, Bont
i i 29% FLBR ARSI AR SEBRtE 2 B

WE#% 5 i il 3 J2 PR AR 2 AR TR P bR B S R DX AR
X 2 2 FEARAK IS GBIT 3365—2008 { Tk 2T 4k 4 55 51 )
FLBR S AR AR 0 Ty ik ), il it S ARk ST
T FL B A 5 o0 0 FLBR R A 2 A, (8 75 C 494
(FRIAE 5 MHz ) PEAG 2 A 1) FLBR R X TaIE, 6 77 =
AWK . Tt A 33 (R 5
MHz )X DX [EMEL A TS AZ , 5348 7 =Xk ko s 59 o

2 HZR5E
21 BEMLEAXMEZERILERZMm
A2 AR TR (300 mm x 500 mm ) ffi 22
Uik HE % 77 500 N il i sUEE A TS HOA R RSB F
A A B 7, AN R 2 2 AR 2 B LB % i K5 i
/ME, BIE MR A FLBUR X RISE L, W 1 R, ol LLE
AR IZ A AR ZE R R ORI H B R T 10
g FLBUR A A F R T — B0 . BT M 600
kPa [% % 400 kPa, JZ2 M I FLBRRIEA A 0, X2 H T8
KR E S 2R AR T R0 R, YELE

*1 BEHRHEEER
Table 1 Laminate information

A ) % il 2 3L 44 B RE/mm
(3) HIRHER B 2R FHE, /£ (180 £6 ) C T [

{13 A 120 min. THEE 2 0.5-3 C/min: BO1 [45/-45/0/90/-45/45], 2.244
(4) PR B 3 °C/min. % 60 “CLLFEIE. B02 [45/-45/0/90],, 2.992
AT T 3 B PG 2L JUR 5 B I 502 [ et 488

25¢ 25¢ 25¢
—— LRI RS —— LRI KA —— fLBR A
2.0 —o fLECRE/ME 20F — fLEURE/ME 20F  —— fLBURE/IMA

§ 15F C’S 15F § 15F

101 & 10f = 10f

= = &~

05F 05F 05F
or or ok
600 500 400 300 200 100 600 500 400 300 200 100 600 500 400 300 200 100
[ 4% F1/kPa [& 1L F1/kPa &4k F1/kPa

(a) BOUHZZM

(b) BO2HZ 2

(c) BOfZZM

1 AEEXEDTHEERILEE

Fig.1 Porosity of laminate under different curing pressures
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Fig.2 Interval values of porosity of different thickness laminates
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Fig.3 Metallographic images of laminates of different thickness
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Fig.5 Ultrasonic C-scan imagines of different size laminates
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Fig.6 Porosity of B01 laminates under different curing pressures
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Design and Research of a Space Electron Gun for 60 kV Welding

WANG Haiyang', DONG Quanlin*, ZHAO Ran’, ZHANG Yongtai’, WANG Sizhan®, LIU Yenan®
(1. Beihang University, Beijing 100083, China;
2. Dirui Industrial Co., Ltd., Changchun 130012, China;
3. Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

[ABSTRACT] A space electron gun for welding was designed, in which LaB; is chosen as cathode material and the
cathode is heated by indirect cathode. The initial values of the electron gun are obtained by using the comprehensive
iterative method of Vaughan. According to these initial values, the three-pole structure of the electron gun is designed, and
then the double magnetic lens is designed. The results show that the parameters of the three electrodes and the lens of the
electron gun are adjusted to make the simulation results meet the requirements of the actual design. At the same time, the
regularity of the lens debugging process is analyzed. The simulation results show that the design meets the target parameters
of 60 mA total emission beam, 0.3 mm cross spot diameter and 0.4 mm beam spot at 300 mm working distance. This design
method and the whole design process can provide some reference for the design of electron gun.
Keywords: Space electron gun for welding; LaBy cathode; Vaughan’s comprehensive iteration method; Magnetic lens;
Source simulation
DOI: 10.16080/j.issn1671-833x.2023.03.119
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Table 1 Design parameters of electron gun
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Table 2 Initial parameter of electron gun after iteration
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Fig.3 Electron trajectories
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Table 3 Electron gun simulation parameters
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SV IV 0.06
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RGeS (A - em? - sr) 5.7 x 10°
PR 2 G v 1) o A 1) 1 11 A fmm 53



PN
RESEARCH Hlt%tex

0.430
0.425
0.420 -
0.415+
0.410
0.405 -
0.400 -

TAEF- R BER /N mm

0.395-

0390 L L L L L L L ]
50 100 150 200 250 300 350 400 450 500

W (A T)
(a)CL1

TAEF B Mmm

0.4
100 200 300 400 500 600 700 800 900 1000

B (A-T)

(b) CL2

7 HEERHMRERBEX R
Fig.7 Relationship between magnetic lens excitation and beam spot

0.406

0.404

0.402

TAEF AR/ Nmm
o
g

0.398
0.396
0.394.] 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100 110
{57 B /mm
(a)CL1

0.65
i
0.60
0.55

0.50

AR R BN mm

0.45

0‘40 1 1 1 1 1 1 1 1
160 170 180 190 200 210 220 230 240 250

{7 E/mm
(b) CL2

8 WIEBMNESRWXZR
Fig.8 Relationship between magnetic lens position and beam spot

7 AT LA, CLL f sk, T4 s B sk
ORI B TA AR, CL2 BB, T AR i R BREsE 2
IS, TG ELE Y CL2 38 ah %k A S 10 o B A 5 i 5
Bl ., MIE 8 ATLLHE Y, CLL fo BB , TAF V1 HBE
SRR 1T CL2 o Bk , sRBEk 2 B/, AR CL2
A B AR b CLL X AT 7 SREE /I 52 00 B i B
o TAEFRBE N, BT 5 TAEVERE RS, 7658
SRR [ Bf — a2 L A SEBR G O, LAk T s/ N BE
T BE N K CL2 A7 B2 AN AT B, 3k B 2 38 i v T4
FR B, DI A RS A B AN B T A R i At 22
VAT 2 S8 1E R TAE IR BE R NI LT 251
SEBAREALFA HATE R

I AR R TS R SR, CLL JH R 553
300A - T, {75 mm; CL2 i3} 1000 A - T, fv &
> 250 mm,,

I JE AL Aber BT R ITEDEEEE, 4nlE 9 PR

Lighting system
Ray pencils: X,(z), Yp(z) and Ry(2)

1.70e+00

-1.70e+00

1.70e+00

-1.70e+00
1.70e+00 R
S \\R_“x_ __d_/——”'f;_ p
}E\‘\*‘”‘m
-1.70e+00 J
0 575.00
Z/mm

9 REBEENXEE
Fig.9 Optical path diagram of focusing lens

20234E 5866 5 553 0] - ML EEIA 123



‘_‘i. N »
Hl:%tei RESEARCH

5 #ig

ARSI T —FhREE R 25 L P48 R G T, 58
BT TR RGBT, I I O EER S T
A e ST BRI 60 mA FiIAE B B A% 0.3 mm,
DL AE TAERE 25 300 mm A AUEE 0.4 mm (i HARE
Ko ARSCHGE T AR, W] LA R Ss f TAR R sT
R R R — S H HEL,

& £ 3 o

[1] RAHE C, KELLY S T, RAD M N, et al. Nanoscale X-ray
imaging of ageing in automotive lithium ion battery cells[J]. Journal of
Power Sources, 2019, 433: 126631.

[2] VANESSA W. X-ray tomography for battery research and
development[J]. Nature Reviews Materials, 2018, 3(9): 293-295.

[31 ZHANG L, LIUY, LI S, et al. Additive manufacturing of titanium
alloys by electron beam melting: A review[J]. Advanced Engineering
Materials, 2018, 20(5): 1700842.

[4] RAJENDRAN A R, MANOHARAN D A. A survey on future
research about electron beam welding for aerospace applications[J].
China Welding, 2018, 27(1): 60-64.

[5] WONG J Y. 3D printing applications for space missions[J].
Aerospace Medicine and Human Performance, 2016, 87(6): 580-582.

[6] Mk, BLLF, XA . i AL TR E R
SEMIR T [J]. U TR 5 A 3k, 2007(4): 126-128.

NI Shiyong, HUANG Yiping, LIU Chundong. Design and
calculation of electron beam generating system in high voltage electron
beam welder[J]. Mechanical Engineering & Automation, 2007(4): 126—
128.

[71 FRAGOMENI J M, NUNES A C. A study of the effects of
welding parameters on electron beam welding in the space environment[J].
Aerosp Sci Technol, 2003, 7(5): 373-384.

[8] PATON B E, LOBANOV L M, NAIDICH YV, et al. New
electron beam gun for welding in space[J]. Science and Technology of
Welding & Joining, 2019, 24(4): 320-326.

[9] FafRell , PN, X E Pk . 2T 60KV/BKW HL T 15kW
HLTABAIBIER] [I]. SRR | 2014(12): 41-43.

TAO Zhenkai, DI Jiejian, ZHAO Yuxia. Development of 15kW
electron gun based on 60kV/6kW electron gun[J]. Welding Technology,
2014(12): 41-43.

[10] fURCE , 2k, Va3 . B P B IR A Bt (9], 1
Tl K224, 2003, 29(3): 1-5.

HE Chengdan, LI Hegi, XU Qijin. Design of new cathode of electron
gun[J]. Journal of Lanzhou Institute of Technology, 2003, 29(3): 1-5.

BIEE : AR, B, Wb A I, BF5E 05 1 8 L T AR A
AL T BT
(Vg **x)

124 Wi hiEEAR - 20234E 556648 55 310]

(E#% 92 1)

[14] BiEL, 25000, X0, 55 . BEakahng LA T
TERGI 2 [3]. iz il R | 2021, 64(8): 32-40, 57.

LU Kai, LI Yingguang, LIU Xu, et al. A data-driven method for
machining feature recognition for aircraft structural parts[J]. Aeronautical
Manufacturing Technology, 2021, 64(8): 32-40, 57.

[15] HAJDU D, INSPERGER T, STEPAN G. The effect of non-
symmetric FRF on machining: A case study[C]//Volume 6: 11th International
Conference on Multibody Systems, Nonlinear Dynamics, and Control.
Boston: American Society of Mechanical Engineers, 2015.

[16] kAR . FET R W4 i R BB R ST D). A
HE : HhERRARAR R, 2017.

ZHANG Shiliang. Research on deep neural networks based models
for speech recognition[D]. Hefei: University of Science and Technology of
China, 2017.

[17] WANG R Q, LI F G, NIU J B, et al. Prediction of pose-
dependent modal properties and stability limits in robotic ball-end milling[J].
Robotics and Computer-Integrated Manufacturing, 2022, 75: 102307.

[18] RICHARDSON M H, FORENTI D L. Parameter estimation
from frequency response measurements using rational fraction
polynomials[C]//Proceedings of the 1st international modal analysis
conference. Orlando: Union College Schenectady, 1982: 167-186.

BIES : LTt WL, W57 WAL S A BERIIN L.
PN, HEAZ, Wi IFSE 7 1 4y 385 R 1 52 2 1 T 2 4 B |
oAb s S5 RERE WA AN THR R R 55

(g & A)

(L#% 118 )

[11] JAIET, BREE, B . G HORHFLBR AR P A Iy ik 5
&[] izl R | 2009, 52(15): 104-106.

ZHOU Zhenggan, HUANG Fengying, WEI Dong. Ultrasonic
testing method for porosity in composite[J]. Aeronautical Manufacturing
Technology, 2009, 52(15): 104-106.

[12] EWS, XTF, X4, 45 BREF4ES A BORHLBR 31 JOE
AT [3]. BEIEN | A AR, 2016(2): 62-66.

XIAO Peng, LIU Weiping, LIU Kui, et al. Study on distribution and
morphology characteristic of voids in CFRP composites[J]. Fiber Reinforced
Plastics/Composites, 2016(2): 62—66.

[13] TSk, w4, X2, % GBS MRHE S )
HrE 4iA FROCHT [3]. Ak |, 2014, 31(1): 171-178.

YU Yalin, YE Jinrui, LIU Kui, et al. A mesoscale ultrasonic
attenuation finite element model of void-containing composites[J]. Acta
Materiae Compositae Sinica, 2014, 31(1): 171-178.

[14] SERCER M. Campbell: Manufacturing processes for advanced
composites[M]. Elsevier Science, 2003.

BIES  XIBK, TN, D505 o 2 poRHilE T2,
(it * %)



)y

51

DR
BLM4H
RN
AT
AR 4

BROv (RE) HURAFRZ F

ImEEM RN (L) ARAF

Skt (L) HEERGAMRA A

ALFGh S HAE AR R TTEL

ARTAR LA A PR 23 ]

RIS EL o ]

20237 YN E br B A # R Tl AR R &

e

11

13

126

fii 8 R3S

23—1009

23—1011

23-1010

23—-1014

22—1022

23—1015

23—-1013

22—-1011

22—-1004

23-1012

23—-1003

FATI RN AN o = e
dEhrE mEanz

20234F “SLOHPRE B RIAERS

JOoRR S 2=

SR AR T L. kHF. P2 K
ARSFARAS TR KA TR YRR . o ] E &R0y
PO HIRAS & AP R bR, [R5
AT IR AR S A e A ) AR A S G
Ao ANFEDTITE G RHENTZE ARGURI A e I
RF,  CATEHREEOR ) AREEH E APRHL T
ES N EVSSIEIINI P ey u s o )
Hmtscitie, DAIEERE ST iR SUE G418
R FACTAI 2 R o

NZiherEs

HEIWERBARSIER A, WA HER
K. B HERA . AR A . JEE
TEROR | WRIRREL . VO RHB AR . 78
MR SR A G s B A MR RS A
&, R T2 EHIEE, A EMEHERT
N BEERRAEGERSEERTN . NASERE &
PEREMGSRA R SR, QReT4E . WIAF4E. P,
SiC. Al,0,, TiC., Ti., f42)&% e aM
BE, DINARIEE R, @B, PR SEpet,

RIS
L IESCEAIISSETNT . A RIHTE, Zrikel
WIFEIR ST

2. PREBAIC OGN (JihZ8. Flgrf
ZRETRN) , MR H .
3. BRhe X EREEE I wyp@amte.net.

CNo

#HisHEA
AR T2023423 H 15 H#UE,

BELT
TR T
IR HLE: 010-85700465-292



HINA

hEERFSSTE T UERER

yj E}R -ié ;f'.e
%.- RXN

Elw

AN
=Y

I

-
Bl

i'-lé

E2J1]




AJ IR\
LY AP

\ 4
AL sz S, \ A
NEOMODU i iini>nes

INDEXABLE TURNING HEADS

EINTIA
25,32 &40 mm

LTI TIHT
TEHRTRIIMNE 7D 3k

LOGI




Seeing beyond

BE
EXEE

ZEISS PRISMO X7

2543k, ZEISS PRISMO PASiRIAEAI S E N APTEN, ZEISS AY PRISMO
1 PRISMO ultra 4225 150 B8R ERF—, EESHR, WiEE

-~ h)_- ERZBEARE, RESBEEXER.
Iy S

WS, ARSI G SRR 2R

ZEISS PRISMO verity &l

- II
I:: f g ZEISS PRISMO fortis, XA ENITEREFENEZEA / NS

SREENE.

S E523-1010





