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Non-Destructive Testing for Aerospace Composite Structures Using Laser
Ultrasonic Technique

QIU Jinhao, ZHANG Chao, JI Hongli, TAO Chongcong
(State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China)

[ABSTRACT] Aimed at solving the problem of large-area detection for aerospace laminated structures with
curved surfaces, laser ultrasonic technique with non-contact measurement has attracted more and more attention. By
using pulsed laser to generate the ultrasonic waves in the structures, the wave-field data can be obtained. Through
analyzing the characteristics of ultrasonic wave propagation, the structural damage detection and mechanical
property identification can be achieved. Focused on the widely used aerospace composite structures, this paper
presents the research progress on three aspects: debonding damage detection, damage accumulation characterization
and fatigue life prediction. Taking laminated composite structures as an example, the influence of debonding damage
on ultrasonic wave propagation is studied. By extracting the damage index, such as wave energy and wave number,
the debonding damage can be visualized. Then, the influence of matrix crack accumulation in fiber reinforced
polymer on mode conversion is investigated. By defining a mode-to-mode ratio, the density of matrix cracks can
be characterized. Finally, a micro-damage based fatigue evolvement model for composites is established. Through
Bayesian model averaging and wave velocity measurement using laser ultrasonic technique, the fatigue life of
composites can be predicted, providing foundation for non-destructive testing in aerospace composite structures.
Keywords: Laser ultrasonic; Non-destructive testing; Composite material; Debonding damage; Mode conversion;
Fatigue life
(Tt &)
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Progress in Non-Destructive Testing and Evaluation of SiC,/SiC Composites

LIU Songping, LIU Feifei, ZHANG Qingle, LI Zhiying
( Composites Technology Center, AVIC Manufacturing Technology Institute, Beijing 101300, China )

[ABSTRACT]

As silicon carbide fibre/silicon carbide ceramicmatrix composites (SiC/SiC CMCs) have become

widely used in high temperature hot-section components in aerospace and aero-engines, nondestructive testing and
evaluation (NDT & E) is particularly important. Due to the special high temperature manufacturing process, internal
microstructure and defect characteristics of SiCy/SiC CMCs, it is difficult to realize reliable NDT & E of SiC/SiC
CMCs by using existing detection techniques and defect evaluation methods. Based on the studies in this field in the
recent years, the defects and characteristics of SiC/SiC CMCs are analyzed. The research progress in NDT&E of
SiC{/SiC CMCs is reviewed. The main technical challenges in NDT&E of SiC/SiC CMCs are presented. The future
development tendency in NDT & E of SiC,/SiC CMCs is given. At present, high-resolution digital X-ray imaging
and high-resolution asymmetric-frequency ultrasonic detection techniques have become very important methods for
the NDT & E of SiC{/SiC CMCs, and good practical testing and applications have been obtained.

Keywords: SiC/SiC composites; Non-destructive testing and evaluation; Ultrasonic evaluation; X-ray inspection;

Infrared testing
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Table 2 Fatigue test parameters
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Online Monitoring for Porosity Prediction in Directed Energy
Deposition Processes

ZHANG Min, WANG Xingcheng, CHAN Yufei, CHEN Changjun

( Laser Processing Research Center, School of Mechanical and Electric Engineering, Soochow University,
Suzhou 215021, China)

[ABSTRACT] With the rapid development of manufacturing industry, additive manufacturing (AM) technology has
attracted more and more attention in the world. Additive manufacturing has been rapidly developed and widely used in
aerospace, industrial machinery, automobile electronics and other fields. The biggest theoretical challenge of direct en-
ergy deposition (DED) technology at present is the lack of a deep understanding of the inherent relationship between the
process-microstructure-performance, and the lack of an effective and cost-effective online monitoring process in the actual
production process. Therefore, the repeatability, uniformity and reliability of the products manufactured by DED are dif-
ficult to meet the increasing production requirements of industry. This article introduces the DED in the process of heat-
physical mechanism of the process. On the basis of summarizing the changes in temperature, molten pool size and molten
pool morphology during the manufacturing process, summarizes the research of AM based on DED of online monitoring in
the stomatal monitoring, and points out the existing problems and future development direction.

Keywords: Additive manufacturing; Online monitoring; Melt pool; Directed energy deposition processes; Porosity
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Experimental Study on Fatigue Monitoring of Titanium Alloy Based on
Weak Magnetic Technology

ZHANG Bin', YU Rungiao?, HU Bo®
(1. Testing Center, AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. Key Laboratory of Nondestructive Testing of Ministry of Education, Nanchang Hangkong University,
Nanchang 330063, China)

[ABSTRACT] Titanium alloy is subject to cyclic load for a long time in service, and the components are prone to fatigue
fracture. Fatigue monitoring of titanium alloy structure is of great significance to industrial safety. In this paper, a fatigue
monitoring method combined with weak magnetic field measurement is proposed. On the basis of weak magnetic testing
technology, the force magnetic model of weak magnetic monitoring is put forward, the standard tensile test block is made,
the weak magnetic monitoring system and fatigue test system are used for fatigue monitoring test, and the lattice constants
before and after fatigue were measured. The results show that the change of magnetic signal in fatigue test has good coin-
cidence and consistency with the fatigue process, and the magnetic signal in the most extended stage of fatigue life keeps
stable and small amplitude fluctuation, and finally the magnetic signal rises sharply in the transient area. In the last stage
of fatigue, the sample in the stage of instantaneous fracture is fractured, and the monitoring magnetic curve is greatly en-
hanced. The curve results are consistent with the force and magnetic model, the cross-section of the magnetic line of force
in the vertical direction increases, and the magnetic signal is enhanced when the cell is compressed. It has been proven that
it is feasible to monitor the fatigue of titanium alloy with weak magnetic field.

Keywords: Weak magnetic; Fatigue Life; Real-time monitoring; Titanium alloy; Lattice constant
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Table 2

5 Ax/mm Ay/mm
0 -53.566 51.819
1 —45.656 47.975
2 -12.129 10.276
3 -9.445 8.758
4 —2.525 1.846
5 -2.075 1.918
6 -1.714 1.817
7 -0.414 —-0.093
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Fig.11 Convergence curve of deviation from pose adjusting (Experiment 1)

F2 WG ERRI AR SHEMENRE

Deviation between actual pose of cooperative target and expected pose (Experiment 1)

Az/mm Anl (°) Aal (°) ABlL () Ayl (°)
54.748 19.698 9.492 17.252 0.518
15.863 3.973 1.821 3.530 0.092
7.859 3.830 1.583 3.487 0.071
3.601 0.797 0.278 0.745 0.041
1.572 0.771 0.214 0.740 0.030
1.156 0.223 0.101 0.198 0.020
0.924 0.026 0.020 0.017 0.001
0.274 0.091 -0.087 0.029 0.004
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Table 3  Deviation between actual pose of cooperative target and expected pose (Experiment 2)

Fe A x/mm Ay/mm Az/mm Anl (°) Aal (°) Al (°) Ayl (°)
0 —45.196 67.901 44.479 12.420 5.382 11.119 -1.290
1 —44.669 64.972 21.092 2.611 1.161 2.324 —-0.262
2 -10.235 12.653 8.271 2.428 784 2.280 -0.285
3 -9.326 12.083 6.195 0.539 0.188 0.503 -0.050
4 -1.993 2.349 2.275 0.460 0.107 0.446 -0.040
5 -1.607 2.279 2.020 0.090 0.025 0.085 -0.011
6 -0.948 0.364 0.571 0.219 -0.010 0.219 0.001
7 -0.400 0.298 0.551 0.040 -0.026 -0.030 -0.005
8 0.026 -0.227 0.047 0.098 -0.090 —-0.038 0.009
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Table 4 Deviation between actual pose of cooperative target and expected pose (Experiment 3)

F5 Ax/mm Ay/mm Az/mm Ayl (°) Aol (°) Apl(°) Ayl (°)
0 49.954 39.415 117.568 21.226 11.843 -17.523 1.798
1 63.047 42.904 72.464 4.274 2.211 -3.637 0.388
2 14.527 9.162 26.568 4,110 1.922 -3.612 0.391
3 14.027 8.454 21.938 0.965 0.470 -0.841 0.054
4 3.123 1.635 7.687 0.832 0.346 —0.755 0.053
5 2.833 1.393 6.948 0.193 0.072 -0.179 0.006
6 0.565 0.357 2.398 0.149 0.073 -0.130 0.005
7 0.197 0.256 0.948 0.162 0.101 -0.126 0.011
8 0.116 -0.076 0.329 0.115 0.033 -0.109 0.016
9 0.430 0.294 0.259 0.205 0.088 -0.182 0.028
10 -0.237 0.060 -0.003 0.083 -0.006 0.083 0.005
11 0.289 —-0.056 -0.023 0.023 -0.021 -0.010 0.003
12 0.072 0.052 -0.128 0.033 —-0.004 —-0.033 0.001
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Research on Visual Alignment Technology of Industrial Robotic Arm in

Multi-Station Operation

ZHU Hongyu', ZENG Lingbin®, SHI Shifeng", YE Nan'
(1. College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China;

2. Shanghai Aerospace System Engineering Institution, Shanghai 201109, China)

[ABSTRACT] A monocular-vision-based alignment technique is proposed to achieve accurate alignment of tool end
in multi-station operation with an industrial robotic arm. To begin with, the system calibration is carried out to establish
coordinates mapping between the concerning coordinate systems. After that, a set of cooperative targets is designed and ar-
ranged near the alignment objects on the workpiece. The expected poses of cooperative targets can be obtained by offline
measurement and a task table for alignment targets is then built up. In the multi-station operation stage, driven by the task
table, the current poses of the targetsare calculated by the vision system, and the deviations between the current poses and
expected poses are calculated. Then parameters to move the robot arm are evaluated according to the deviations by the co-
ordinates mapping. By iterating the above steps, the final alignment is worked out upon the designed threshold. The experi-
mental results show that the alignment accuracy can reach 0.1mm in X and Y direction, 0.2mm in Z direction, and the angle
error is better than 0.1° in the measuring distance of 260mm.
Keywords: Multi-station operation; Industrial robotic arm; Cooperative target; Pose solution; Visual alignment
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Table 1 The level of experimental parameters
KT F A n/ HELETRE vl A UITE af I PIT ad
(r-min™) (mm-min™) pm mm
1 8000 100 20 0.1
2 12000 200 40 0.3
3 16000 300 60 0.5
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Table 2 Arrangement of experimental parameters and results

a,/um | a/mm
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600 [
400
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K lpm
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0.3
0.3
0.3
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0.1
05
0.3
0.3
05
0.1
0.3
0.3
0.1

S,/um Sy Se GRG
0.1319 -0.3572 4.9002 0.5014
0.1535 -0.2840 45977 0.4885
0.2039 -0.3325 3.3956 0.4877
0.1779 0.3431 5.2174 0.4209
0.1154 0.3008 6.6577 0.5220
0.1129 —-0.4805 4.0162 0.5677
0.1167 -0.2565 4.4329 0.5844
0.1625 0.2511 4.8916 0.4747
0.1431 —-0.2886 3.7861 0.5456
0.1088 —-0.0872 3.9411 0.7143
0.1359 0.2250 5.5035 0.5132
0.0795 -0.1418 5.0015 0.7904
0.1755 —-0.2750 4.0054 0.4876
0.1261 —-0.2608 4.3751 0.5594
0.1285 —0.3539 4.6166 0.5198
0.1177 -0.3679 4.6654 0.5439
0.1297 —0.3943 3.1034 0.6118
0.1419 —0.2346 4.9964 0.5111
0.1886 -0.1668 3.2058 0.5761
0.1849 -0.1694 4.7566 0.4829
0.1130 —0.2880 3.8436 0.6167
0.1852 0.2544 4.9169 0.4452
0.0888 —0.0938 3.9496 0.8002
0.1844 —-0.5455 5.7228 0.3679
0.1438 0.2670 4.3236 05215
0.1139 -0.0200 3.9213 0.7585
0.1121 —-0.0367 3.7124 0.7600
0.1576 -0.2746 45102 0.4882
0.1323 -0.1197 3.6970 0.6422
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Machined surface morphology of several experiments
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Fig.4 Residual probability distribution of model
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Research on Surface Roughness Detection Index of Micro-Milling Based on
Multi-Objective Optimization

LI Wengin, XU Jinkai, YU Huadong, ZHANG Xianghui, LIU Qimeng, YU Zhanjiang
( Ministry of Education Key Laboratory for Cross-Scale Micro and Nano Manufacturing, Changchun University of
Science and Technology, Changchun 130022, China )

[ABSTRACT] Since the fact that the surface topography of micro-milling is complex and difficult to evaluate accurately,
a surface roughnessdetection index based on three-dimensional (3D) characterization is proposed. Firstly, on the basis of
principal component analysis, the 3D surface roughness parameters S,, Sy and S, are converted into gray correlation de-
gree as a surface roughness detection index based on the gray correlation analysis method. Secondly, the response surface
methodology (RSM) is used to establish a gray correlation degree model to analyze the influence of machining parameters
on the GRG. Finally, the combination of optimal machining parameters is obtained and verified. The results show that the
average relative error of the gray correlation degree model is 6.54%, the fitting accuracy is high and the prediction effect is
good, which verifies the feasibility of the model. The GRG corresponding to the obtained optimal process parameter combi-
nation is increased by 15.27%, which realizes the purpose of surface roughness minimization and surface abnormal features
minimization and proves the feasibility of the detection index.
Keywords: Surface micro-machining; Multi-objective optimization; Grey correlation analysis; Response surface method-
ology; 3D surface roughness; Surface roughness detection index
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Research on Inspection Technology of Aviation Tube Based on Laser Scanning

WANG Wei, JIN Wenhan
( College of Aerospace Engineering, Shengyang Aerospace University, Shenyang 110136, China)

[ABSTRACT] The manufacturing accuracy of aviation tube is one of the important factors that affect the assembly qual-
ity, it is necessary to inspect the manufacturing accuracy of tube before assembly. At present, the commonly used inspection
method is to verify by mechanical checking-tools, but there are some defects such as low precision and low efficiency. So an
efficient and accurate digital inspection technology of tube is proposed, in order to ensure the accuracy of inspection results
and improve the production efficiency of tube. Non-contact measurement method is used to obtain the surface point cloud data
of tube based on laser scanning technology, in the inspection system, the central axis, bending points and bending elements of
point cloud data are extracted to make error analysis compared with the theoretical model of tube, and then the bending coef-
ficient can be corrected, and high quality tubes will be produced by sending the correction data to the bending machine.
Keywords: Aviation tube; Digital inspection; Non-contact measurement; Laser scan; Error analysis
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Numerical Simulation Analysis of Ultrasonic Vibration Riveting of TA1 Countersunk
Head Rivets

ZHA\ Yadi', WANG Zhiliang®, FU Fangyan®, ZHAN Jianghu', TONG Xinbo®, LIN Jun*
(1. Key Laboratory for Liquid-Solid Structural Evolution & Processing of Materials (Ministry of Education),
Shandong University, Jinan 250061, China;
2. CGN Huizhou Nuclear Power Co. Ltd., Huizhou 516003, China;
3. Shanghai Aerospace Equipments Manufacturer Limited Company, Shanghai 200245, China )

[ABSTRACT] With the development of aerospace, high-speed trains, bridges and other industries in China, a large
number of light-weight and high-strength metal alloy or composite materials will be widely used, which requires the use
of large-diameter and high-strength rivets for plate riveting to achieve effective assembly and connection of large-scale
structural parts. However, the traditional riveting technology has some quality problems, such as the difficulty of forming
rivets, the easy cracking of upsets, and the difficulty of controlling interference fit. Introducing the ultrasonic vibration-
assisted plastic processing technology into the traditional press riveting process, which helps reduce the metal deformation
resistance and improves the forming performance, is expected to improve the above problems. In this paper, ABAQUS finite
element analysis software is used to simulate the process of TA1 countersunk rivet traditional press riveting and ultrasonic
vibration-assisted riveting of double-layer C45 plate, analyze the deformation process of plate and rivet, and compare the
factors that affect the riveting quality of the joint, such as riveting force, shear stress, residual stress and interference. The
results show that ultrasonic vibration-assisted riveting can significantly reduce the riveting pressure, the shear stress and
residual stress of the rivet, so that the riveting piece can obtain a uniform and reasonable amount of interference, thereby
effectively improving the riveting quality.

Keywords: Riveting; Ultrasonic vibration; ABAQUS; Stress analysis; Numerical simulation
DOI:10.16080/j.issn1671-833x.2020.19.076
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Fig.7 Stress diagram of riveting process of countersunk head rivets
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Fig.17 Schematic diagram of points location
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[FE] AR T T Ri&RIEM(EBM) Ti-45561 &4 09 2 41 22 B A AL 2 5 L A R e 0 vl . K ILARTY &5 #4
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Effect of Heat Treatment on Microstructure and Tensile Properties of EBM
Ti—4Al-5V-5M0-6Cr-1Nb Alloy

QIAO Hong', LIU Yunxi*, CHEN Wei'?, YANG Yang"?
( 1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. Key Laboratory of Power Beam Processing, Beijing 100024, China )

[ABSTRACT] The effect of heat treatment on microstructure and tensile properties of EBM Ti—45561 was investigated.
The as-build material exhibited columnar B grains epitaxially grew along z direction, which is caused by the temperature
gradient during the solidification process. Acicular o phase precipitated inside each B grains due to the 730°C environment
temperature. With the increase of post-build annealing temperature and extension of annealing time, the grain boundary a
phase and secondary o phase were both coarsened. When the solution treat temperature was increased, the percentage of
primary o phase decreased. Among the 3 heat treatment parameters, the annealing temperature has the strongest influence
on tensile properties, and the annealing time has the smallest influence. The elongation of the EBM Ti-45561 increased
with annealing temperature; while the strength of the material decreased with annealing temperature.

Keywords: Additive manufacturing; Titanium alloy; Heat treatment; Microstructure; Tensile properties
DOI:10.16080/j.issn1671-833x.2020.19.085
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Fig.1 Schematic drawing of EBM machine

2 Ti-45561HEF AR MR
Fig.2 Morphology of PREP Ti-45561 powder
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SRR L, Wl 2 s, HAk2E s ange 1 R, BRI
B VG L 53~150um, H D(10). D(50). D(90) 4351
56.2um . 91.7um  144.7um , #3 A (RS 5 B 5 4R S % i
439k 2.81g/cm® 5 3.07g/em’,

K H Arcam™ A2X £ NI Ti-45561 i, Hifh
WA M (z ) o WA TAERE AR A - Al 2 Al ik
50pm JEEEE (1) Ti-45561 M A , T 4T et A
BE 4 58 S BUE & 8 K, Bk &8 F B O — 28
A XAGZE R — HAL R R i SR A T B i
SEHE . BEAS LI R RUE I IR R ERAE 730°C, B
X R iR A T IA B, STV TRLEE S 760~820°C( A4
RAHAE 55,58 805°C ), [ B[R] A 1h, BifiJ5 25 ¥4 5 B30
Ji£ A 520~610°C,, B 45t [E] Ay 2~8h, Fifi 5 2514 o

G MR SR A% Gy i i 45, IR G2 8
(Leica DMI 5000M ) 5 H1 7 {i i34 ( Zeiss Supra—55 ) Wi
LI S e, iR T M6 | 63 AR
BERE K 40mm.

TE A5 2R Z R R /b Hh , AR SC 3k
FRPRGE 1245 1E AR TR, R IR 22 43 Mg il IE 581K
YOS5 A T AT o 2R, F I R 2 AR S
IR R U

2 WBRERS5LH
2.1 HESHHEBHAR
L 25 Ti-45561 14 B fb 27 Lok i3 1 s, i
THOE B AE B2 P47, Al JTHRA DRSS, 1 O,
N H SEEBICR & AR
RO SR AL I 3 s i TR 2 HE
TR T2 e MORMER HERR DT 19 (2 [0]) 5 2 AT
I6] J& L HE AN [) ) S B A 0 (R TR )2 TB) B R BB i
o K3 (a) ha] W Bk oK iy B AR A i HEAR
T (z 10]) SMEA K BT Z AR o AHBR T . 1Ef
—A B ERRL TR FIR o AHATHE, QI3 (b) R, X
JEHT 730°C WP I il R B T I R PE T, 75 o
FHM B AR . EBM SEBR F R — I #it it #e
E S AR B A R, e v 5 3 A v, B L RA B R oK
AR MUE R AZ , T RO PR, SRR ARTTC, DR I E 1]
HRES 2 R A A5 n BRI R, Z T
(55 -1 R A oAl T T AMEA: Ky 2519,
R1  Ti-455618 R 5 BRI 2B 5 RE 5 8
Table 1 Chemistry of Ti-45561 powder and build %

Elements | Al V | Cr Mo  Nb N H (0] Ti

Powder | 3.9 | 53 |58 52 1.1 | 0.01 0001  0.012  #Ax&k

Build 3.7 | 54 58 53| 11/001 0001 0013 st
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K] 4 J S AEHE 760°C VSIS , 43 BIHE 520°C .
550°C ,580°C .610°C " HEATHS 3% 19 WA ZH 4 . K 4 (a)
~ (d) Bn, MRE B A2 R PI AL o # L E ot
Fo B IAR L. BB SR AR A o A1
wE 3 (a)Fs, e BERE b DU AR sl K SRR R
IR A o AHITE B AR TR b 9 2 BROR A
Ao B B RICE 1 v 5 B TR A S I, IR A o #H
TERIAE o AHJE FEIAT O 207 9, B0 AE o AR,
TR H R AR AR, HoB 1) T 22, (R B S
AN, A B RO TR S AN B EIR IR AE o AH
B (B BT T 1 RIS KL . b, s 38R B A T v S Bk
A o AEBT S S RIBR ) 538, B 25 IRIR A o AHAT
IR, XF T 780°C .800°C #7343 WITE 520°C .
540°C ,560°C \580°C " #E4 FHF AL i , H I il 214
fbitas 5 & 4 F.
2.2.2 B LIR AT B A L0 R vk

Kl 5k JE 25 B kL 53 03 #E 760°C . 780°C .800°C .
820°C [#%5 , Ff-7E 550°C B &4 1 iz, &5 (a)~
(c¢) /R, 1E Ti-45561 4 4 #H7% /4 (805°C) LA N #k4T
[T + Bk, A B I A o A IRAE o AHAT B 2R
LR, Hp A o RZ 2 HEIR KSR A By
o A R 0O T, W0 A o A BB B s
AR FEARAE i DL B SEA TR + B, Anfsl 5 (dOFTR,
DA B LR BT H A BT R E RR R A o MHES . TR
760°C [E AT, AP 014 o MR 2, A Bk AR
o FHEREU A TE B IR b o —F K AR o AT S A
Bt 5 T — 2 AR ) i AR TR A B S U TE A
2.3 HAMEFIE HF LRI

X225 AR AL BRI FE ) EBM Ti-45561 45 41 7
FEIPLAAR, HEER S ring 2 (%) 5% 3
() R o Hop K=K, V=V, Ui~U, | Y=Y, FoR5%F
Joj PR ZE X R AKX LR B R i IR R R o, W
K A WIS R Z 520 1S, 25 R 1R /N
W TR L DR 28 X HE AR A 9 S S R s 5 . X SR AE
BT FITERTERR , A FES B 22 22 R, ik
HI 1945 | ISP AR B S B00) Ti-45561 44 iR Sk i
SUMARREE 22 AR . SN Ti—45561 44 Hihom B Fl
JR a8 B %) 3 S RALER S 4, gk 2 o, B0 B 1
W2 K, IR R 2, B s el B /. 32 3 R
T AL BESHOT Ti-45561 A4 K5 K R AR i e

(a) ZWMAHH (b ) FEAR A TRZHER

B3 EBM Ti-455613% RiHR
Fig.3 OM microstructure of EBM Ti-45561

(b)550°C %k

(¢)580°C %l (d)610°C %k

B4 EEREIEBM Ti-455614 & ALK AFNN
Fig.4 Effect of annealing temperature on EBM Ti-45561
microstructure

(a)760°C [&i (b )780°C [l

(¢ )800°C [ (d)820°C [y

E5 AREERRE+550°CHEEBM Ti-45561& &R BHALR
Fig.5 Microstructure of EBM Ti-45561 after solution treat at
different temperatures+550°C annealing
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TYFEM X TS 2R A, [V TR R A 25 R,
IS 255 T B0 R 205000 B A W 22 28 /N o T X W T A 4 2%
Z, B 250k A AW 2 e K, LR [T U B B 285 B (1)
/N ZEE R PRI E 3 NS IR RUR
B2 A A, TR R, PRI ) AR X 4/, 5
X AR A i s M LA A — B

CEAORTE  BEE I RORE T, Ti-45561 541
S P R I B M 1 s B IV IR I T s, & 4 iR
FEARE R B RS M EAPE R A . it BT R ST (i) F SE
K, A4 TR, msa —E R . Wik,
EBM Ti-45561 k&4 7F 780~800 °C 31z Bl PN [&] ¥ , I 7

K2 HAIESEIITi-4556158 & &R E RIS
Table 2 Effect of heat treatment on EBM Ti—45561 strength

Bes VAR IS /| BREBCIREE [ BPRiE ) HURCER I /| RS

“C °C t/h MPa MPa
1 1(760) 1(520) 1(2) 1226 1188
2 1(760) 2(550) 2(4) 1132 1085
3 1(760) 3(580) 3(6) 1084 1039
4 1(760) 4(610) 4(8) 966 918
5 2(780) 1(520) 2(4) 1201 1177
6 2(780) 2(550) 1(2) 1118 1106
7 2(780) 3(580) 4(8) 1069 1056
8 2(780) 4(610) 3(6) 990 982
9 3(800) 1(520) 3(6) 1191 1151
10 3(800) 2(550) 4(8) 1143 1102
1 3(800) 3(580) 1(2) 1060 1046
12 3(800) 4(610) 2(4) 1038 998
13 4(820) 1(520) 4(8) 1231 1187
14 4(820) 2(550) 3(6) 1085 1085
15 4(820) 3(580) 1(2) 1140 1130
16 4(820) 4(610) 2(4) 1122 1107
K, 1102 1212.25 1136 — —
K, 1094.5 1119.5 1123.25 — —
K, 1108 1088.25 1087.5 — —
K, 11445 1029 1102.25 — —
R 50 183.25 485 — —
A 1057.5 117575 1117.5 — —
V, | 1080.25 1094.5 1091.75 — —
V, | 1074.25 1067.75 | 1064.25 — —
vV, | 112725 1001.25 | 1065.75 — —
R 69.75 174.5 53.25 — —
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550 CHJ AL 4~6h B AT SE A U iy 5es 38 14 DT i
2.4 HRETORIRS R

Kl 6 (a)fl(b) & ~,760°C [ 7 +520°C &0,
Ak %) 28 T AT 11 ) 2 TR 5 AJICES IX A =, TG i
) BY V)8 5 21 4k X A7 AE , SO 30 1440 8 RH /N
I HAFEA B (iR A B s XHF 550°C IS 1hi
Wy 1, L2 W S0 LA XA 32, 108 B AN ] s 4038 3
X IT 1T B4 2 TR 55 I TG B S 52 i, (ELJS 25 0 88 R/ MR
WA — UL I T 4. hIE 6 (b)FICe) ]I,
[ BE7E 550°C 4%, 820°C [ 775 IF, 44 R4 1k 28 5L 7 A
10 2 WS 32 ph i X AN BT VIS 2 i, T rp oo 27 4k

F3 ARESHIITI-455614 & BRI
Table 3 Effect of heat treatment on EBM Ti—45561 plasticity

oy FIAREUE /| WRIGRIEE [ | mismill | WS WA
HE

°C °C t/h R /% | i %
1 1(760) 1(520) 1(2) 13 40
2 1(760) 2(550) 2(4) 25 5.9
3 1(760) 3(580) 3(6) 28 53
4 1(760) 4(610) 4(8) 46 7.2
5 2(780) 1(520) 2(4) 15 33
6 2(780) 2(550) 1(2) 18 53
7 2(780) 3(580) 4(8) 1.7 46
8 2(780) 4(610) 3(6) 1.4 46
9 3(800) 1(520) 3(6) 1.9 40
10 | 3(800) 2(550) 4(8) 18 33
11 | 3(800) 3(580) 1(2) 1.9 5.2
12 | 3(800) 4(610) 2(4) 2.3 53
13 | 4(820) 1(520) 4(8) 1.7 33
14 | 4(820) 2(550) 3(6) 15 53
15 | 4(820) 3(580) 1(2) 1.2 53
16 | 4(820) 4(610) 2(4) 1.4 33
u, 2.8 16 155 — —
u, 1.6 1.9 1.925 — —
U, 1.975 1.9 1.9 — —
U, 1.45 2.425 2.45 — —
R 1.35 0.825 0.9 — —
Y, 5.6 3.65 4.95 — —
Y, 4.45 4.95 4.45 — —
Y, 445 5.1 48 — —
Y, 43 5.1 46 — —
R 13 1.45 05 — —
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X, HA 280 A W, ROWE S0 00 30 3 5 ELAR X 4
2o AL 760°C RN FIFE S 9T O AP RN B
TR, B HTER IR AR R — 2 ]
T BEE RO BT R BOR SEYEAT P s TR [
VL I TH g, MORHEBAT I T I

3 i

(1) JEE EBM Ti-45561 44 HA U z J7 a4t
AR B AR, e Z A8 S 5 o AHRRTT . FERE—A
B SRR EIR o AEAT Y 3 FR R A R R IR
FERREETE N, T SR z [ ANEAE K B 451

(2) B A5 BRI B ) v 5 B TR A B s LAk 1Y
WIEE o AHZ B A I R ) T 2203 A, (R FREAT 5
IS, AR PR AL o M RELAL 5 it [ 0 0 B8 1) T
1o AR o FH R B 8 2, D B AR H BT R vk AR
o I Z .
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Fig.6 Room temperature fracture surface of Ti-45561 alloy under
different heat treatment conditions
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Heat Transfer Performance of Carbon Fiber Reinforced Resin Matrix Laminated Composites

QIU Xuegiong™?, JIN Yi%, CHEN Lin"*
(1. Composite Center, COMAC Shanghai Aircraft Manufacturng Co. Ltd., Shanghai 200123, Ching;
2. Beijing Key Laboratory of Civil Aircraft Structures and Composite Material, COMAC Beijing Aircraft Technology
Research Institute, Beijing 102211, China;
3. Institute of Advanced Technology, University of Science and Technology of China, Hefei 230088, China)

[ABSTRACT] With the increase of applications of composites in airplane structures, the thermally-induced stresses
are critical issues in composite-metal hybrid structures. In order to analyze thermally-induced structural stresses, accurate
structural temperature field value is necessary, while the heat transfer performance of the materials is of great importance
for the structural temperature field analysis. Due to the anisotropy of heat transfer performance of composites, which is
dependent on the layer and structure of laminates, it results in difficulties in evaluation of thermal conductivities. Based on
the ASTM E1461, the samples with different structures were designed, and the thermal conductivities in depth direction
and in-plane direction of the T800 carbon fiber reinforced resin laminates were tested through flash method. The thermal
conductivities for laminates in different stack types were studied. And also, the thermal stack theory of thermal conductivity
for composite laminates in in-plane direction was verified. This work provided a fast approach for evaluation of thermal
conductivity of carbon fiber reinforced resin matrix laminated composites.

Keywords: Carbon fiber reinforced composite; Laminate; Thermal conductivity; Flash method; Thermal lamination theory
DOI: 10.16080/j.i1ssn1671-833x.2020.19.091
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Table1 Test matrix of thermal conductivity test for laminated

composites
JPe | Sl SN EHC | R REE /mm
1 X [ 0° )= 108 1.50
2 X [i] 90° 4ij)2 108 1.50
3 Z i) 0° 42 8 1.53
4 X [ [0/90], 108 1.50
5 Z i) [0/90],4 8 1.53
6 X [i] [45/-45/0/90] 5 112 1.50
7 Z [45/-45/0/90], 8 1.53
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Analysis-Suitable T-Spline Fitting for Sculptured Surface Reconstruction

LU Yu"?, WANG lJian', PENG Lihua', XU Long"
( 1. School of Mechanical Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Wuhan Branch, ZWSOFT Ltd. (Guangzhou), Wuhan 430000, China)

[ABSTRACT] Surface reconstruction with high efficiency and accuracy is required in advanced aerospace manufacturing
and measurement. As wildly used models, B-spline and NURBS are the main tools for surface reconstruction in existing
methods. However, the topological constrains of B-splines and NURBS control meshes make it produce a lot of redundant
control points when modeling surfaces. Newly proposed T-splines in recent years have provided a method to solve this
problem. Analysis-suitable T-splines (ASTS), a subset of T-splines with certain topological constrains were later developed,
which optimized the mathematical properties and localized refinement capability of T-splines. T-splines have been
successfully applied to surface reconstruction, while ASTS-based surface reconstruction algorithms are in vacancy at the
moment. This paper proposes a surface reconstruction method based on analysis-suitable T-splines. Adaptive construction
of an initial AST-mesh and efficient local refinement are performed in the algorithm to generate an ASTS surface within
certain tolerance. Our experimental results show that the proposed ASTS fitting can generate spline surface with higher
accuracy than NURBS fitting with the same amount of control parameters. The computing efficiency of the proposed
algorithm is higher than simple T-spline fitting.

Keywords: Precision surface measurement; Freeform surface reconstruction; Analysis-suitable T-splines; Adaptive fitting;
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