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A Region-Division Method of Measurement Point Sampling for Thin-Walled
Blade Sections Based on CMM

GAO Yuan', LIN Xiaojun', ZHANG Jungi’, SHI Yaoyao*
(1. School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China;
2. AECC Shanghai Commercial Aircraft Engine Manufacturing Co., Ltd., Shanghai 200241, China)

[ABSTRACT] The thin-walled blade has the characteristics of complex surface, poor rigidity, large and non-uniformly
distributed machining error. The traditional sampling strategy only considers the geometric features, but ignores the
machining error distribution. As a result, it may cause the loss of important shape information of the thin-walled blade, the
waste of limited measuring resource and the restriction of the performance of CMM with high precision and efficiency.
A region-division method of measurement point sampling is presented for these issues. It considers the machining error
distribution as well as the geometric features. Firstly, the principle of measurement point sampling for the thin-walled
blade is proposed. Secondly, the point sampling method is studied from two aspects, measurement region division and
measurement point calculation. Finally, the proposed algorithm is verified and compared on an actual thin-walled blade. The
results show that, the proposed method has a better reflection of the machining error when considering with the geometric
characteristics, and can improve the measurement efficiency and accuracy.

Keywords: CMM; Thin-walled blade; Blade measurement; Measurement point sampling; Region-division sampling
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Table1l X2A66 aluminum-lithium alloy composition

I 5 ) O A S
4, | Li  Cu | Mg | Zr | Zn | Mn | Ti | F | Si | A

BURE K, O ST X MR A

ke 435 1% | 13~ 18 | 35 ~ 41 | 02 ~ 0.6 |o.08 ~ O.l6| 02 ~ 08 | 02 ~ 0.6 | <01 | <01 | <01 | S
JET4E 1% | 49 ~ 6.8 | 15 ~ 1.7 | 02 ~ 07 |o.03 - 0.05| 0.08 ~ 0.3 | 01~03 | <01 | <01 | <01 | Sl
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Fig.5 Microstructure of X2A66 aluminum-lithium alloy after 120% deformation
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Fig.6 TEM structure of X2A66 aluminum-lithium alloy under different deformation temperatures
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Fig.8 Transformation of T, during deformation for X2A66 aluminum-lithium alloy
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Fig.9 Microstructure of X2A66 aluminum-lithium alloy during high temperature deformation
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Fig.10 Effect of precipitation on dynamic recrystallization of X2A66 aluminum-lithium alloy
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Microstructure Evolution of X2A66 Aluminum-Lithium Alloy During High

Temperature Deformation

SHI Guodong™?, WANG Puguang’, WANG Yunfeng®, WANG Yuanyuan®, LU Zheng®, CHEN Ziyong"
(1. College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China;
2. Dalian Ketian Materials Company Ltd, Dalian 116085, China;
3. Weihai Wanfeng Magnesium S & T Development Company Ltd, Weihai 264209, China;
4. Wanfeng Auto Holding Group, Shaoxing 312500, China;
5. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

[ABSTRACT] The microstructure evolution of X2A66 aluminum-lithium alloy during hot deformation was analyzed.
When the deformation temperature was 420°C and the strain rate was 0.01 s™, sub-grain structure was incomplete in the
matrix and a small amount of dynamic recrystallized grains were observed. When the deformation amount reached 80%, a
flat and clear grain boundary and low dislocation density in the matrix can be observed. When the amount of deformation
was greater than 80%, a large number of dislocations occurred in a part of the grain and impeded dislocation motion
around the precipitated phase. T, phase appeared to be broken and remelted and the &’ phase was precipitated during
high temperature deformation. The crushing and remelting of the T, phase caused the matrix to re-saturate, especially the
supersaturation of the Li element, which promoted the precipitation of the &' phase. The precipitation phase inside the grain
boundary can effectively hinder the dislocation movement and increase the nucleation rate of recrystallized grains. The
precipitated phase pinned on the grain boundary reduced the dynamic recrystallization rate by hindering the movement of
the grain boundary and the sub-grain boundary.

Keywords: X2A66 aluminum-lithium alloy; High temperature deformation; Precipitated phases; Microstructure;

Dynamic recrystallization
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Technique Research and System Development for Sheet Metal Edge Inspection

Based on Binocular Vision

LIU Zhiyuan, ZHANG Liyan

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China)

[ABSTRACT] Aiming at the real-time and precise inspection of sheet metal part edges, a binocular vision-based
inspection system that mainly consists of two CMOS cameras and multiple line laser transmitters is developed. The hand-
held inspection device is continuously moved around the edge of the measured sheet metal part with the circular marks on
the surface, while the line laser transmitters project laser stripes to the edge of the sheet metal part. The cameras acquire
the synchronized image pair in real time and transmit them to the computer. The system software performs incremental
3D reconstruction of the laser stripe centers on the sheet metal edge in real time via parallel processing. The workflow,
software and hardware structure of the system are introduced. The key techniques such as real-time extraction of laser
stripe center points and real-time registration of the 3D measurement points are discussed in detail. The inspection speed of
the developed system is verified to be more than 30fps, and the measurement points on the sheet metal edges output by the
system is of high quality. Moreover, experiments on a planar side wall with 1mm thickness shows that the mean inspection
error of SMEIS system is about 0.04mm, and the standard deviation is about 0.03mm.
Keywords: Sheet metal edge; Binocular vision; Line laser; Real-time inspection; Three-dimensional reconstruction
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Research on Digital Inspection Technology of Geometry Size for Commercial

Aero-Engine Based on Model

WANG Zhenxing, CAO Wei, JIN Wei, ZHENG Fangfang
(AECC Shanghai Commercial Aircraft Engine Manufacturing Co., Ltd, Shanghai 201306, China)

[ABSTRACT] For the reason that the traditional geometrical size inspection of workpiece was not suitable for the future
production of commercial aero-engine, some key digital inspection technologies of geometrical size of commercial aero-
engine based on model, including PMI (product manufacturing information) recognition, inspection routing creation,
release of the three-dimensional report and so on, were researched in the paper. The method could save the inspection
programming time and reduce the impact caused by work staff’s lack of programming experience, which could improve
inspection efficiency and consistency of inspection results. Meanwhile, the method was good for realizing fast collaboration
between design and manufacturing of commercial aero-engine by using the uniform model data among design, technology
and inspection. Finally, the applicability of the proposed method for the inspection of workpiece geometrical size of
commercial acro-engine was validated by a case verification.
Keywords: Model Based Definition (MBD); Commercial aero-engine; Geometrical size; Digital inspection;
Product Manufacturing Information (PMI)
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Algorithm1 adjustment ( points[],
hyperplane )
Input points[]: Collection of points,
hyperplane

|
Pl e

Pl e ]

Output: hyperplane

1. for i «— 0 to length[points[]]

2: do calculate the distance of
hyperplane and points of two sides;
3: sort distance;

4 error,, < 0;

5: while error, < 4

6: forj<«—0to length[points[l]
7: do calculate the errors of adjacent
distance;

8: iferrors,, >1

9: extract two points of the errors;
10: then get middle point of the errors
points;

11: adjust the hyperplane by middle
point;
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Algorithm? fit ( points[], plane )

Input points[]:Collection of points
Output plane:fitted plane

1: repeat

2: fit plane;

3: for i <— 0 to length[points[]]

4. do calculate the distance of plane
and points[];

5: while distance = 1.5u
6: do remove the point in
points|[];

7. until distance < 1.5u
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Fig.7 Boundary of point cloud
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Extraction Method of Gap and Flush of Three-Dimensional Seam Point

Clouds Based on SVM

ZHANG Bo', LI Shuanggao', HAO Long', ZHU Kui®
(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics & Astronautics,

Nanjing 210016, China;

2. Shenzhen JT Automation Equipment Co., Ltd., Shenzhen 518216, China)

[ABSTRACT] Gap and flush generated among aircraft assembly should satisfy specific requirements, which should
be precisely extracted in order to ensure the quality of assembly. Because of seam’s uneven size and noise of the data,
gap and flush are difficult to extract accurately. Therefore, this paper proposes a method to extract gap and flush of three-
dimensional point cloud of seam based on SVM (Support Vector Machine). Firstly, mathematical model is established
according to distribution characteristics of point cloud, in order to identify the feature points that need to be extracted.
Secondly, measuring position points are planned and discreted according to the boundary of the digital model. Take the
measured position points as the geometric center, and subpoint cloud is extracted based on PCA (Principal Component
Analysis) and bounding box. Thirdly, point cloud is segmented by hyperplane which is adjusted. Then, boundary points,
edge points and critical points are extracted by triangler point cloud. Finally, gap and flush are extracted according to
mathematical models. The accuracy and stability of the method were verified through designed experiments. Experiments
show that gap measurement mean error is less than 0.03mm as well as the flush measurement mean error is less than 0.02mm.
Keywords: Point cloud segmentation; Support Vector Machine (SVM); Feature points; Gap and flush;
Principal Component Analysis (PCA)
(Vi M%)
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Table 1 Coaxiality of slice component
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Table 2 Coaxiality of slice component and top circular on base
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Error Analysis and Compensation for Slice Component Precision Assembly

WANG Tao', LUO Yi*?, WANG Xiaodong™?, LI Yawei'
(1. Key Laboratory for Micro/Nano Technology and System of Liaoning Province, Dalian University of Technology,
Dalian 116024, China;
2. Key Laboratory for Precision and Non-traditional Machining Technology of Ministry of Education, Dalian University of
Technology, Dalian 116024, China)

[ABSTRACT] Automatic alignment and assembly of slice components is widely used in precision fabrication of aviation
components. In order to meet the requirements of positioning accuracy, an automatic assembly system based on machine
vision is developed to realize the coaxial assembly between the slice component and the base. Firstly, the camera’s pixel is
calibrated to improve the accuracy of machine vision calculation; then the angler error of the linear guidance in the visual
measurement module and assembly operation module is measured, the compensation algorithm is established to eliminate
the influence of the angler error; The images of the slice component and the top circular on base are larger than the camera’s
field of view, thus the images should be mosaic before getting the key characteristic. The angler error also should be
incorporated in the mosaic. Finally, aiming at the random error caused by adhesion when the sheet assembly is released, a
rigid adsorption head is designed to reduce the error. With the above error compensation methods, the assembly coaxiality
of the slice component is reduced from 292.4um to 19.6pm.
Keywords: Slice component; Precise automatic assembly; Machine vision; Error compensation; Image mosaic; Coaxiality
(Vi M%)
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Developments in High-Performance Elevated-Temperature Aluminum Alloys and Their
Composites Produced via Rapid Solidification and Powder Metallurgy

LI Peiyong™**
(1. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China;
2. Beijing Engineering Research Center of Advanced Aluminum Alloys and Applications, Beijing 100095, China;
3. Key Laboratory of Advanced Composites, Beijing 100095, China)

[ABSTRACT] Rapid solidification technology provides a possible route to prepare elevated-temperature aluminum
alloys. Al-Fe-V-Si, Al-Fe-Mo-Si, Al-Fe-Cr-Ti, etc., series high-performance elevated-temperature aluminum alloys
and their composites with heat resistance at temperatures of 300-400°C have been successfully developed by rapid
solidification/powder metallurgy process in nearly thirty years. In this paper, the developments in process, composition,
microstructure, properties and applications for these elevated-temperature aluminum alloys and their composites are

summarized, the existing problems and future directions are discussed.

Keywords: Rapid solidification; Powder metallurgy; High-performance elevated-temperature aluminum alloys;
Aluminum matrix composites; Microstructure properties; Processing
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SEME, HARARIR LA 25°C/%Si (4050 (i i) R B2
X} Al-6Cr-2Fe-1Si (i it 434k, T []) A& 4, #E S AH AL
$5 Alg, oCris 4 AlgsFe,Cr 1 Al;,CrySige X Al-6Cr—2Fe—
1.5Ti-1Si 4, A FE AlgoCriss . AlgFess. AlgFe,Cr
H1 AL,CreSi™, % Al-5.5Cr-3Fe-1Ti-1Ce &4x , ffEffHH
£33 Alg(Cr,Fe),e. AlsCr, Fil Al CrgCe™ Xty i A1
15 ~350°C J2- %4 5 Y, {H 7E 450~500°C 33 S v i A 4 7%
g R A YA ), £ Pratt & Whitney 24
FFl Connecticut 2% B % HPGA PM T 241
AlgsCr,sC0y My sZr0s (JETF4340) Bt T2l a-Al
FUL AL, Hedr 1A % RSk 50~100nm. %A 4R
FHHT FH 8B TRLBE 43591 4 300°C A1 260~315°C, ik 1 ,
TEZIHIN TR T, A4 i SRR E 1
EASMRBLZHNOSERNRES AR
AlyFe,Cr,Z, (Z=Ti, V, Nb, Ta) &4 ™, JHh, HA
Tohoku K#WFHIAY AlgFe,Cr,Ti, 54 MS HifF L F
FLER RSE S ~100nm A9 | ARV S 0K AT a—Al LAY, 575 41

®2 —ETMARELEEBHHEBRENT BRY
Table 2 Solid solubility and diffusivity of some TM and RE elements

ST ] A% 1T A48 A RO [T

JEH
St 534 1% ST 1%

Co 0.02 0.01
Cr 0.77 0.40
Ce 0.05 0.01
Fe 0.052 0.025
Gd 0.1 0.01
Mn 1.82 0.90
Mo 0.25 0.056
Nb 0.22 0.064
Ni 0.05 0.023
Sc 0.38 0.23
Si 1.65 1.59
Ti 1.00 0.57
\Y 0.6 0.32
0.14 0.02

Y 0.1 0.03
Zr 0.28 0.085

PRI A 1 A8 0 A [T 7

427°C 1EARH I HOREL
AR 1% JEF43H 1% (em?-st)
1.09~10.32 0.5~5 2.15x10™
9.21~12.68 5~7 2.3x107
9.14 1.9 —
7.94~11.67 4~6 1.12x107
11.50~18.45 6~10 2.12x107™
3.45~5.14 1.0~15 6.03x107"
— — 1.9x10™
2.58~15.36 1.2~7.7 8.4x107"°
1.66 1.0 —
17.57~18.59 17~18 2x107°
0.35~3.50 0.2~2 3.86x107"°
2.61~3.71 1.4~2 3.94x107"°
5.83~11.67 0.9~1.9 —
3.95~4.90 1.2~15 6.6x107
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WAL A L1~ALTi fl DO,~ALTi™, %44t
TE AlgFe, ,Cry —JCAa Ll FIMA Ti S0 i H K
s B B Aifl, BV AR SR B =0 A 4R 463°C $i2
15 % 500~550°C, M5 T4 e etk 1
3.3 Al,(FeX),Si X=V, Mo #8

Aly, (Fe,X).Si F % M 7E Al-Fe-X-Si (X=V,
Mo) F & 4 . Aly(Fe,X),Si 44 ok R ~F i1 W fa
FH, 2 EKE, J& T bbe 45 /) 19 o #H, I 5 A% & 50k
1.259~1.264nm"™7, VA1 B R BZ AL B, LLSE
[ Allied-Signal 2~ Al Al-Fe-V-Si &G4 A1,
K H PFC T 20 B BE Ry 20pm 3845, 4l 5 3% 1 20

210y a—-Aly(Fe,V),Si+ta-Al ; B R (%30 MK o
Al,(Fe,V),Si+o-Al+ BOREUR( O JEAH ). O AR T
HEAn LA, Hofh 98 80 o—(Fe,V),Si AHIT. O JE
HIRTHEAL R a-Al,(Fe,V),Si ok ¥, 1 s et , A%
a-Alyy(Fe, V),Si; gt TR, 0, 78 273°C %
H 7S L a—Al+1+0—Aly,(Fe,V),Si—a—-Al+a—Al,(Fe,V),Si.
TN IMAR LITR M Al(Fe, X),Si BIIE R, FEAR
B PFaENE. I, 78 AlgFe,sVo-Siy, &4 HFm
AR+ 1% Nd (JEF5350), 588 R AlFe,Nd, 1fii 5
oAb Fe ROME R IE, AL Al(Fe, V),Si A B,
XFEINREAH . (Mm ) JLEK) Al-Fe-V-Si-Mm &

#3 HANSHERSREASERESEMRIARS
Table 3 Compositions of typical high-performance elevated-temperature aluminum alloys and their composites
AER HEfS S A7 R 2 SUR Gy
_ Al-5Cr-2Zr "
Al-Cr-Zr(-Mn) Alcan (&K ) N
o Al-5Cr-2Zr-1Mn
X8019 Al-8.3Fe-4.0Ce *
Al-Fe-Ce Cz42 Alcoa () Al-7.0Fe-6.0Ce "
X8019/SiC/12.5p 87.5X8019+12.5SiC, *
8022 Al-6.0Fe-1.3V-1.1Si *
8009 Al-8.5Fe-1.3V-1.7Si ~
Al-Fe-V-Si Allied-Signal (3£[E) X
FVS 1212 Al-11.7Fe-1.2V-2.4Si
8009/SiC/11p 89%8009+11SiC, *
Al-Fe-Mo — Pratt & Whitney (ZE[H) Al-8.0Fe-2Mo
FMS 0612 Al-6.0Fe-1.3Mo-1.1Si *
FMS 0918 Al-9.0Fe-2.0Mo-1.6Si *
. FMS 1224 e . Al-12Fe-2.6M0-2.2Si ~
Al-Fe-Mo-Si b | 0 Reng v S e
FMS 0714 Al-7.0Fe-1.4Mo-1.4Si-0.5Ti-1.32r
FMS 0917 Al-—9.0Fe—1.7Mo-1.7Si-0.5Ti-1.3Zr
FMS 1224/SiC/5p 95FMS1224+5SiC, *
Al-Ti-Fe Alg,Ti, Fe, s Al-3.5Ti-3.5Fe &
Tohoku University ( H 7 )
Al-Fe—Cr-Ti Alg,Fe,Cr,Ti, Al-3Fe-2Cr-2Ti &
Al-Fe-Cr-Zr 01489 VILS (% #7) Al—8.5Fe-1.1Cr-1.1Zr-1.1Mo "
Pratt & Whitney / University of &
Al-Cr-Co-Mn-Zr Alg;,Cr, Co, Mn, ;Zry 5 SRR (gD Al-2.6Cr-1.6Co-1.5Mn-0.5Zr
Al-Ni-Y-Co AlgNi;Y,Co, Al-5Ni-8Y-2Co *
Al-Ni-Ce Alg;Ni; Ceg Al-10Ni-6Ce &
Tohoku University ( H 7<) .
Al-Ni-Mm — Al-14Ni-14Mm
Al-Ni-Mm-Zr — Al-14Ni-7TMm-1Zr "
Al-Nd-Ti — etz bR I B Al-6Nd-2.5Ti *
Al-Zr-V . Northwestern University Al-1.162r-1.76V *

T 7 FORIRAEL, “#” TR KB EL, “ &7 FoR T4
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SRS D, AlysFe,sVo-Si-Mmg, 74
WA LGSR R B s Am (IR — o—Al — (0—
Al+Al,(La,Ce)+l — (a—Al)+Al,(La,Ce)+I+1', X% 3
A b BRI L AR IR 43 5 R ~240°C | ~330°C Ail ~430°C,
X —2ERR, A Mm 306 T Al(Fe, V) Si # 11
¥ . X Al-Fe-V-Si & & 4, K I PFC/RC PM T
4, TE ~400°C HEAT 0 TAS I I, Hoom ik A £ 2R
Al,(Fe,X).Si, Il , % Al-Fe-V-Si Z&4&H TG,
HZA LU ~50nm (1) o—Al FHF1 0.5~2um [ Aly,(Fe,V):Si
AHLL U5, 8009 A4 #LIMM h, Aly(Fe,V).Si iR
1R 80nm, oAl FERLI ST R 0.5um , FA7E o ZF4E L
7 560°C N FE 2 1000h I, %44 H Uk To ] i3 28
1k, K M4 A4 ™ XK, Al-Fe-V-Si &G54
HAHA R HFENE .

AT MR ST B R USGA PM T2 il % 1
Al-Fe-Mo-Si &4 R 41415 PFC/RC PM Al-Fe-V-Si
RAEE AL, Al-Fe—Mo-Si 244 M4
Z4UH Aly(Fe,Mo),Si FREGRILAHFT o—Al FHLL . H4H
Fr (< 10pm ) 58 AL AH 208 6~80nm, HLAS H i Ak
FHZ5H 300nm, % FMS 0918 1 FMS 1224 44, #LK
HH T A/ Al(Fe,Mo),Si 5 5R ALY A1 SR 14
AR RS 630um, HH 511 Al,(Fe,Mo),Si i
iR ST 30~50nmP
34 EREEWEYFEHE

&R EAE Y F 2 M IR S A T R 5k /A
i LU RN A4, XA 4 DSC ik LA
B2 B 3 A MUY iR A3 SRz A A Ak SR 4 oK
i P14 i (B Ak G 90 1A AH T H . i an, AllgsFe,Nb
AlgFe,Nb;, AlgFeNb 7 4 (1) 241 414 287~367°C fHE
W e 78 Ry AN K (E 427~487°C #r H 42 R el Ak & 1
AR B AlgNiCes 74K MS il £ 13845 e ) A
e A, 7E 297°C H BLY KSR doki, 78 330°C F 370°C

Br s ALNi . Al,Ce 1 Al,Ce 4@ A4k44 B9, X8019
(Al-Fe-Ce %) & 4 W55 ALK oK W2 1t % A1 0k,
MR R 3 315°C LA A, 3k 26 0 8 AR AR R AlgFe
AlFe,Ce. AlygFe,Ce %4 & AL AW HOF-H5AH M. X
B IR AR A A I R PR s AR 5 A i 45 14 R R I
F1 T SR F AR B R A5 A0 TR 5 1 TR iR
£ 38 % 1A% 300~400°C VU I i, £ #un Tama
S HBEEES N a—Al FREFI4 8 RIS A . 5]
40, AI-5Cr—=2Zr Fll Al-5Cr—2Zr-1Mn %15 3%k 55 fk 1
Ji , HA A H a—Al FIZ/NE AlLZr, Al Cr, &g b A
PR AT B Alg NigMmysZros (JRF4350) 5 2
HAH o-AlL ALNi. Al,Mm F1 ALZr 205, RF 451
4 80nm.50nm.50nm F1 10nm™¥, Al,Ni,Gd,Fe, £ J&
UL oAl SRR RS 48 [ Ak A 4 ik 41
o o—Al TR SF R ~200nm , 43 )8 Ak S S Hik (K
~160nm, % ~30nm ) FIAEEHRIR (~80nm ), FKFHB 4 F iy
AL 01489 44:( Al-Fe—Cr-Zr-Mo ) BZH 4t i o—
Al fg @RI G . X4 JE ik &4 nT LARH 1
fhr A B

R R AR A A R SR O TR A 1 KAk R
L1, #1 >Al,(Fe,X),Si # > #E i A > 4 )8 18] 4k & 9 °F
BARE 3 . R 4R T —EiRs &4 b
ARAAE i AR AL sk = BOST098mT U Y 425°C A
A, LL, MR HLAE R B/, o 1072°~107m/h, FER
Aly,(Fe,V),Si M, Hofl Ak Ry 107'~10"°m/h, i 4R
(] Ak A5 9 - AR A R b R A K, 248 107°mP/h, 43 5
J& L1, M Al,(Fe,V),Si A4 10° 1 10° £,

AR A R EAR R GRS B (1) B4
JCRTE P IRIY B R BG(2) B4 0 R e R 1 [
VR 5(3) AR BSRELAR / SR A LT BE ;(4) e IR E T
FALE RN, HAREAEMAS . R3S o 10 iR P RE
WL T TE SRR A 4 A SIC L ALO, . SigN, 2515

F4 —LEFHRAAETIRBCRUARALER

Table 4 Coarsening rates of dispersoids in some elevated aluminum alloys

Games s YRR HEA% Inm
X8019 Al,Fe, Al Fe,Ce 150
Al-6Nd-2.5Ti Al Ti,Nd 50
8009 Al,(Fe,V),Si 25~120
FVS1212 Al,(Fe,V),Si 30~80
Al-3.14Cr-4.03Zr-1.95Nb L1,~Aly(Zry;Nby 55) =l
Al-1.16Zr-1.76VV L1,~Aly(Zry 25V 15) ~5

TG 1% RLAL# /(m® h™)
15 ~107 (427°C)
27 2.56x107% (427°C)
24 3x107° (425°C)
36 8x10™" (425°C)
5.73x107® (375°C)
8 2.51x107 (400°C )
5.86x10™° (450°C )
5 1.0x10™° (425°C )
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UL B A 200 T A A M) 3K S s A 1 AT i —
Ak ik A H F’fnﬁﬁkjio lﬁjf RE R AR A 4 ST
BEAMBHERAR R ZH LR H 20N SfoRE FILE s N
Ko i FAFAE B i R R B A /N ST B /)N R AR
/N B AFEE RO 0 BRAR vREOR K 7 Fn AN %) 3 i AH
HAG, EdfE L1, . Al,(Fe,X);Si(X=V . Mo) tHH
HE A Y = AR B A SO B MR LA X I SRR
1k

4 tERE

F RS PM il HRHIR A 4 B A bHRHALS
RO SR, R HARE 1M 452 4 AP0 R

il 55 FFA BHLIESETERE o

4.1 HIfTERE

R PERE T I, 25 X RS PM w0 & &
s 2, A e E &M i, %510
gy T — S MR ) SRR SR A A ML E A MR (L
HES . Al (Fe, X)) Si (X=V., Mo) # 14 )& [l k&
W) R A MR PERE ) B B A B RN T A g A
= [19—20,22—23,27—29,34—35,58,63—64] @ Eu’ le *H EI/J F=2 /ﬂ%ll A/\
PR 00N, oo 1}%1&&%%73?%”%%%*&
K P RE B A % R WLARGE . T 48 Rk A o
@ﬁﬁé’] Al-Ni-RE 2H 4= R0 R iy, X 5 H

BUPEAED K A . (BRI, X R E &R
FTB&ED%E X5 R 9K AR AR i R i 4 )
A AR R AL R A 56, A& SR ORI Al-Fe-

*®5 HAATHEDSRASERESAMBNMIEE Hm

Table 5 Tensile properties of typical high-performance elevated-temperature aluminum alloys and their composites (longitudinal direction)

&5 1S Tz MBI /°C | SRPERLE: E/GPa | PLPBRIE o/MPa | JHARSREE 6,,/MPa | FE(HIZE 6/%

il 78.6 448 379 5.0

166 68.9 365 345 —

Cz42 GA PM, Extrusion

232 64.1 310 296 —

316 56.5 221 200 —

Eil 101 490 414 2.8
149 — 420 372 3.0

X8019/SiC/12.5p GAPM, Extrusion

232 — 360 317 36

316 — 241 214 75

i 88.4 437 390 10

150 83.2 372 340 7

PFC/RC PM, Extrusion 204 — 341 312 8

260 — 308 280 9

315 73.1 261 244 9

8009

i — 462 434 12

150 — 372 345 6

PFC/RC PM, Forging 204 — 338 303 6

260 — 290 276 8

315 — 248 241 9
i — 503 434 4.1
149 — 393 358 25

8009/SiC/11p PFC/RC PM, Extrusion

232 — 338 262 3

371 — 179 123 6
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&5 S TZ WHRAIREE /°C | JpEfiit E/GPa | HLIISRIE o/MPa | JEIIRIRIE 0, /MPa | {14 6/%
i 95.5 559 531 7.2
FVS 1212 PFC/RC PM., Extrusion 150 n 409 45 42
230 — 407 393 6.0
315 — 303 297 6.8
i = 458 414 15.7
FMS 0918 USGA PM, Extrusion 300 — 245 232 10.6
425 — 122 107 10.8
il — 588 508 3.6
FMS 1224 USGA P/M, Extrusion 300 — 291 268 4.2
425 — 137 118 8.0
. i 84.6 580 455 1.6
FMS 1224/SiC/5p USGA PM, Forging
260 76 365 290 2.5
F = 643 595 3.0
FMS 0917 USGA PM, Extrusion 300 — 292 256 47
425 — 117 97 12.6
i 80 596 519 5.9
200 — 370 — —
Alg,Fe,Cr,Ti, USGA PM, Extrusion 250 60 360 — —
300 — 270 — —
400 — 190 — —
Aly;5Cr,.CO, M, 578, s GAPM = %03 . 0%0 0
315 73 — 480 10
AlgNisY,Co, HPGA PM = a 900 a a
300 — 480 — —
il 96 892 823 4.6
Algg sNigMm, :Zros HPGA PM 10 . 000 - 80
200 — 450 — 12
300 — 220 — 28
I 76.2 644 635 3.3
150 — 250 236 34
Al-14Ni-14Mm HPGA PM 297 — 192 182 4.7
350 — 105 99 9.3
400 — 69 64 9.9
i 76.8 662 631 1.1
150 — 318 318 45
Al-14Ni-14Mm-Zr HPGA PM 297 — 221 221 5.1
350 — 137 137 5.8
400 — 88 82 9.2
i = 570 550 7.0
RS PM, Extrusion 230 o 380 o o
300 — 280 — —
01498 350 — 210 — —
i = 548 512 8.1
RS PM, Forging 250 o 3t o o
300 — 270 — —
350 — 200 — —
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Cr=Ti &1 Al-Cr-Co-Mn-Zr 64,055 Aly,(Fe, X).Si
(X=V. Mo) ## FVS il FMS & &40 E it ae
T AI-Ni-RE Z Il Al-Fe-Ce &4, M, Al-Fe-
Cr-Ti 244 F1 Al-Cr—Co-Mn-Zr &4 IR [,
FVS Fl FMS & & &g &, H Al-Cr-Co-Mn-Zr &
A A E IR 315°C ER PR LE S PERE R iy, 1E Al-
Fe-X-Si &4 FIMAR LIu &R al it — L 4401k
BB B4n, i Mm RIJE K i A4, s H Al-Fe—
V-Si A4 H R iR B i Er v eds FVS0812
B e L ek, BT I A4l R A
197 O i, AlgFe,Cr,Ti, (450 &4 A
10% Al (AR50, Hoa I BT Pism i i 650MPa T [
% 600MPa, i1 Z4H 6.5% 1Kk % 7.5%7, 7 4h, 38
1R 3 R 4 HPGA PM il 4%, B A SRR &+,
Algy TipsFe, sCry g BIBTH 8 B F1AE A R 575 3 i 3 B4
XoF DA IR AR A4 M R SiC BRI s 148 B Ak
kL, 4n 8009/SiC/11p, 5 XN A FEAAR G S A L, = TR R
FEA — 2 i, (EAE {5 A A 5 (I H vy T B
N

5 b b TR R [ 1 B AR 4 A B FVS AN
FMS R iR G & FE SN & 4 D PTR8 JE Rl 1
sl BTl LE Y, SR USGA PM T 2 4 1 Al-
Fe—Mo-Si (FMS) & 5X%H PFC/RC PM T Ziil &1
Al-Fe-V-Si (FVS) ZMPEREAHIT , X FIFR 22 51 1) it
FRA 419 200~400°C Hrhiss B3 B AL T 20242219,
2618 EiEGAA A4 -
42 HiRHEME

XFAl-Fe Z =il 80 A 4, 2 H BBl R B T, 7

600 @ 2024-T3

W 2219-T851

A 2618-T61

X FVS0812
X W FVS1212
% ©® FMS0918

300 +X
, o
4

500

e X+
B

400 -

B% X

B EE/MPa

200 [ |
100+ ‘ %
B g
0 100 200 300 400 500
i J/°C

ES5 REEE/MARIESFVS/FMSRIIFREE &M — &S
AR ERRENTH

Fig.5 Temperature dependence of ultimate tensile strength of

RS/PM FVS/FMS series elevated temperature alloys and some
conventional aluminum alloys
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~150°C & A7 Hi B GE A 8 [ 22 d5 I 0 v et e
( Intermediate temperature embrittlement, ITE ) #l& ., &
6 B/~ T PM 4R AT FVS R i 50 A 4 1 4 1 4 fifi
T BE AR R B0, BT L Y, Al-Fe—V=Si & 1) 8009
I FVS1212 & 4 By H i MEPE BT R, PM S5 9 SE fif 32
B T FE TH e R T B, T AL=L12T 1 SiE e = [t 9L B T
M K, XTW/RE Al-Fe &SRB G4 iE
A B 78 Ak 5 SRR Ry AR R 11 B ( Prior powder
boundaries, PPBs ) IR Fe A4k i £ A XK.

Al-Fe-V-Si Z it i & rPRErE(ITE) 4
AFAELL T s, 008,

(1) 7E R A UR B - R R A K R4 100°C H B
TR

(2)~175°C SRS R AR

(3)~175°C B4 T 1% 5

(4) 955554804 i A () B [B) AH G358 5

(5) W ASHR A, R EtE LS A

AR e B SR T BE A P AR AL A BT

(1)Fe S o R AT H T 80 T 8 248 0 A2 B 4%
( Dynamic strain aging, DSA ), BV 5o 2 FIf 4558 H.
YEHL;

(2) By ARk 5 ( PPBs ) 45 A5 AR 4L 5

(3) 4/ NI ik

Xf Al-Fe-V-Si Z 111 8009 454, FoWr I PPBs
SYZBIGAE 175°C fe Mt U R, i it 5 PPBs
MG K. BRI BEARGHE H 4 ~400°C ), K 1H1 %R
TR R4 K AN e 4 U AT RES S8 PPBs 454 A
. BE I EE TEE 100~200°C I, A A4 B BT L, S8

n Al

s Al-6Ti

B AI-12Ti
28009

B F\VS1212

IEAH2/%

fd % 1B
204 260 315

i E/°C

Ee6 PMIRM—LHREASTEMERMEBENTL
Fig.6 Temperature dependence of elongation of PM pure
aluminum and some elevated-temperature aluminum alloys
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PPBs 4550855 , 5 IS AE P 3 T JR i H B E A
AR TR, PPBs 4535, WIGE MR, SR A
i 119 AI-Ni-Mm(=2r) ZG @ URIFES / KRS58,
AT A 2R IR T T, A H B REPE (6 5 ).
X W R A R R e e B kol R S o
RUWAE TRy R R A A AR S A 56, B/ Al-Fe
AR a A TR G e, AT LA o SRR TR B AL
Tl AR Y, 3% PPBs 45 &, DA i35 b4 Ak 1) 42 fif %
o AT DL R AR LT R A 4 b ek SicC kL, i
PPBs (454 kA, /N i e
43 JEF%ERE

H & RSIPM Fildn A 4 M AT A ARk % 57 P RE
i, £ 65 T —semkRE iR &4 A HE
B FRHR TR (R S5 R 122273088784 - o R
2XXX ZH TXXX RS G 2o U i & %
7 % B 24 150~170MPa, 200°C T, PR 3 Bsf 2% L 9% 35 4%
R R . St 7 X8019.8009 ik AL A 4 &
A MRL, B 97 IR S5 A SR A A A S e
200°C 2247, iXSEA 4 IS A R 55 )95 57 4 BR (O] 17
R=0.1) FIHERE 2 Hh 57 BR (R R=-1) # R AN K,
W BTG AR A4 . SHU S HESLE AlgFe,Cr,Ti
Fl Algz6Cr,6CO, MN sZro s AL K AN 2 JE [ fL &
[ AlggsNigMmy g, F 2 iR 200°C 2 A7 19 98 55 B BIR He
X8019.8009 M A A 44k 435 & 50~80MPa.
4.4 WRHHFE

AR A A M A MR AR ERE & 2ot R
TR SRR AR ER 1 AN SR ) B A FR S Bk

/N Fe &l ~8% (5t /050 SR BRI IAFR 20 5L
M 27% 11 8009 A4 (1) % IR K 24 i 35 %)) 31MPa-m™?,
S5&5E4A 4 MY, MFe & ~12% (Ji & 4
BO IR BT 20 B0 36% 19 FVS1212 (1) W 2447 i
{2 K 11IMPa-m*™ ; X8019/SiC/12.5p 11 Wt 2L 1) Jif 2k
10MPa-m"® 55— 5, i A 4 W 3 B R
T 1 2f- A8 10 438 R R 36 e B ) T s s . R 7 4
T AlgNi,Gd;Fe; FIARIFF T2 FIASRIR T AW 2
FIREE U YF 42 KT 100pm, 55 9T 225°C HY B
PR T 25MPa-m™?, 3ot HAE sl Nl A
FIH .
45 FHFAlERE

(R ELA o G 1) e vl e 2 U Fa e vk, SR &
& RHZ AR R ARG R A S B I R AP B
T8N T — RS S KRR SRR SRS
B4 E IR AERE B2, "TLIE 18009, FMS0918
AN EIRSS AEREA Y, B B TR TE
Hhzo MM SiC Uk E) & AR RHEAT B4 1 o Ty

RT7 AlgNi,Gd;Fe, & EHIBT RN E
Table 7 Fracture toughness of Alg,Ni,Gd,Fe,

Wi BIE Ko/ (MPa-m*)

FF 1242 r/um
253@ 225C
0 5.6~9 25288
100 26.8~30 29.7~33
450 40~49 34~39.5

*6 —LHHETSRAASREESMEINES EaE (Hm)
Fig.6 Fatigue properties of some high-performance elevated-temperature aluminum alloys and their composites (longitudinal direction)

Gafs s TZ MR EE /°C TEIFHE R ISR o/ MPa
1 0.1 216
X8019 GAP/M, Extrusion
232 0.1 175
X8019/SiC/12.5p GAP/M, Extrusion =il -1 175
R 0.5 300
R -1 186
8009 PFC/RC P/M, Extrusion
175 -1 172
232 -1 150
8009/SiC/11p PFC/RC P/M, Extrusion =R 0.1 233
AlgFe,Cr,Ti, USGA P/M, Extrusion =i 0.1 325
Alg; ¢Cr,C0, Mn, 71 GAP/M, Forging =i -1 255
AR -1 330
Algg sNigMm, 5 HPGA P/M, Extrusion
200 -1 220
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Table 8 Comparison of stress-rupture properties of some elevated-temperature aluminum alloys,
their composites and conventional aluminum alloys

(FFANLTT IMPa ) [ (T4 R] /h )

R °C

2124-T851 2218-T61 2219-T851 2618-T61

300 — — — —
300 — — — —
300 — — — —
315 34/100 27/100 69/100 32/100
316 — — — —
316 — — — —

ANERE. 40, % 8009/SiC/11p, L 316°C f7E 150MPa
F1 170MPa T #¢ A F5 i 43 il J& 8009 & 4x 1 12.5 % il
20 i 17,
46 ETMERE

AR G A SO A BRI R 1 e T A AR 1
FIFEHE(n) FE I IG AR G BE(Q ). 91141, 8009 & 4= (1)
n 1 Q 4351k 14~18.296kJ/mol™, FVS1212/SiC/5p 4 n
1 Q 4351k 13.4~20.8.768kI/mol™, %} 8009/Si,N,/15w,
n 4 12 (500°C ),11 ( 550°C ),Q y 321kJ/mol (500°C ¥,
4R n AL Q 433l R 3~5.142kd/mol, H AR 5 4R rh
¥ B0 O WREGRALR SRR A 4 LR AR
(n = 7), HidAs 5L 5w NI EE SR =2 8] A AR B4R
ISR B R R A 56 Uo% 3 Sl A P il
SR S s R IR AR A A P AR ERE . i, X 8009/
SiC/15p & Ak, HlEASH 1 53R A 4 kT ® 5 i
X} 8009/SiC/14.5w F1 8009/ Al,B,0.5/15w &4 b EH i
N E AR 0.5~1pum, K& 10~30um ) Ay iFE AR ﬁé;ﬁtﬁt{z}w
4:(8009 ) /N 2 ANk gk B xS AW B SR, AT
HH Sl INER Aol RTINS T AR e 1 26
47 FEEMERE

RS A A 2 A IR RE B R SR R
JEVERE . X5 AN/ Ak AR R AL A AT OC , T2k
HFHA i s A FREGRIEA Jo—Al, PPBs S5t miBHE
B TTRk. BIUn, LA FMS RA0 SRR G4 ], 44550
1Hz i}, 2 751 250°C BHLJe #6843 51k ( 6~10 ) x107° Al
(17.5~40 ) x107°, 2L 55 1) 2618-T61 4745 4x (FHL 2 IR B
Je PEfE /N T 3x107°,250°C BHLJE 1 RE /N T 8x107°) fik 2
54 b, Hidr, FMS0612, FMS0918 . FMS1224 &4 %4
1 425°C /100h #AR5% J5 1 BHJE 1 R -5 PR B T A AH E
TCHH AL, X AR B Be 5 4 7F 425°C T HAT R AT
AR ENE P PO, F RS 4t aT F AR A B
Hl BB AR A R PO R BB R M REE T
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FMS0918 FMS1224 8009 8009/SiC/11p
100/>400 — — —
150/149.6 = = ==
175/17.5 175/34.3 — —

— — 150/400 150/5000

— — 170/10 170/200
TR SIS MRS I Il e G F2 1o T
vmwxm MK
48 EE

@@éﬁﬁjﬁﬁzﬁ LRI TM, RE &35

PICE, milia & r“ AL G A ISR, FVS,
FMS E == ’f‘.j /i\{f.r“ﬁ 2.83~3.02g/cm’*#" % 2y

ARG 4 M3 A 4 o0 R S REFIAMINGY SiC 458
*BE’JiJH/\mE’Ji‘jtﬁ‘ﬁi*j((ﬂﬂﬁﬁﬁﬁﬂﬂﬁﬁ‘@ﬂl%ﬂ‘f
Xif & A/ﬁag AN A 4 PR B4 B50E H AN
15% ; R4 S i, AN E AR B AR /3 B0 Ak
5% Mﬂﬁﬁk%?fﬁﬁ%%i& 3.1g/em’, [AlEkA 4 (%
J& ~4.5g/cm® ) A EL, SR s Mk RE R AR A & AR E A
BHRIAT 1715 30%~35% (U8 AR

5 MH

RS/PM mPERE SRR A & MR LR SR A
G AR EOH B AS TR SR S R A T 3. 0 48
[E4bA Y A Al-TM-RE B & R4 4 é&ﬁ’fﬂﬁt
5 A bR TR PR BE S 250~300°C., ]G0, X8019 &4
TEAETT 260°C FURFR 1000h, Ji Al 25 TCHH 24k 15
1 260°C HURFR 5, it A2 5 3 T 4 B 2R T
AL 25 7 S AR D Al (Fe, X),Si A k3 Ak AH 0 i iR 48 A
éﬁ’a Al-TM-TM BUSHRER & 4 S E SRR 540

G FLAT S0 1 v U v e L v YL AT iR B 9 55 A
FE B ARG AR PERESE ) MG Ed:, 4 e fks T
AL B B S BRI Al,(Fe,V),Si 5% Aly,(Fe,Mo0).Si %
YK AR Al-Fe-V-Si % . Al-Fe-Mo-Si & Eibi a4 &%
HAZ G RBE, DL GE 4 22 1040 5 UE T AH Y Al-Fe—Cr—
Ti RERAG S LE SRR A Bk, Hi
ﬂv‘ﬁ%f“ Fyal 5% 300~400°C, i1, FVS0812, FVS1212

4:1E 425°C/1000n B ok, Pk g frfegase P09 ; 18
482°C/100h PIRFE G, A SHTHERIR AlFe, 3 AlFe,
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SET R R N B R HPGA PM il &
BOAL & HE R A Al-Ti-Fe-X (X=V, Zr, Cr, Mo ) &4, 1t
FIRPUPRE S Al-Ti-Fe FAY, =R rEREIL T Al-
Ti-Fe, H. 7 350°C/1000h A1 400°C/100h # % 5% 5 . /%
H R AR E M ORI B G B R B, R L
AR FAVM: R 5 X 2 = R AR B 4 TR Y Al (Fe, X),Si( X=V,
Mo ) AHEHE SR, SEERTE RS/ (SRR SR 2 ] 1) T
BE/IN LIRS 238 /0N | L] - A A 28 AR B e A K

LG A 4 T AGRE AN B L 200°C, Bk A4 1Tt
PR BEAE 400°C UL E i SR RE mRER B & R R E A
AR B TR AR BE 9 R AT i 300~400°C, TF - dHAh T 4458
BRA4 SEKG 4 i BRI R, wT R R R
BLE LR RATHS W28 & shAL 7R R shbL A SR T 44
B4 B AR RS . R 9L B T mIRAR A A LR
Bra R v NEOb oY I IR O /| K313 | L K ¥
%M A E] Ma=0.8 B, F R E A F] 100°C ; 28
JE 35 %] Ma=3.0 i}, 2 i i B ik 31 288°CPY, X i 28
RANHL R I AR R SHL e &5 T AR IR W] ik
150~350°C. X A4 b miscil T2, & shpllrt58
ZE R S T AR B AT 3K 120~400°C , 3% 26 45 5§ ) ] Jif
HEI SRR A S RSB E A MR, HEBT
200°C B, mPERE = iR AR & 4 AR L2 A M Rk B
TALG AR5 A 4 5 1F 352°C DA, FL G SR BE | LI
AL SEA I T R A BRI A4 &
PRI A MRS 4, AT SEBR EE 30% AT, M
TV A2 A R AT 235 A R AR 2 0 358 Joe Xk &5 4 ikl 2 1Y
6 HFEME

HETC M T 28 290 00 &R m iR & 4 Mt
A KRR ARER X R 2R, 38 A7 7E — S R £ i 2R 11

B

(1) 389 IR A

FMRAAEHUE TETEMN TM M RE TE.
RXEETUE O] SR O R A R SRR o b AR 0k = 4
JE LA P B R OR . A 4 s e SR ) (AR 23 5
KB 27%~36%, 735, X SE45 4t B A 5%~159%( 4

M0 1Y SiC JUkE ol S S s M, UE— 2 s A 4
T . X SRR IR AR A 4 MR AR AE
TR AR AR A B, X & e miRes &
& MG AR, HE IR A IE RN 1%~3%, W
LB FE N ~10MPa-m"2%™ i kg S R kR 1
SREAEMF KT 3%, 2449 KT 15MPa-m™?,

(2) Wikt .

XFF R Fe & & R IRA A 4, W1 Al-Fe-Ce &,
Al-Fe-V-Si R4 KILE A MR, Y80S 5 B R =
150°C /e A7 i S M K AR ) R IR M PE B 42 . X — 4
E RS RIRES LSRN AERA XK. HTFHRI
T E FIERE IR B R 2800 400°C 245, By R IS0 ik
FIPEAERAS 5 S0 TS A 3 1 S A IS A 10 s A 4
AL R Z 45 G o

(3) B T RIE IR

R TAEGE ) 2XXX F TXXX BN IR AL 1)
FRA 4 BEIR BT, S IRAR A 4 b A R R AL AR )
T R AR I B EEAR /N, 0 Tad A rh s Ae e 2
AL, ARREIRAE TR R, SRS A 2 O H A A
MR ASTEBT AR, Rl i T (45K, (Rl
RS A ST TR R R A7 LA SR A & R,
[N TR 25 5 H BT 24 n)

(4) PEREBHR A A N F /L

H i e A A 4 XL A PR M R BE 2
PPk RE, A % 97 % 97 AP R W B i
FERIE AR S RE B /D [RIE, H Au M R £ &
BRUR T /INFUAK 157 FE M b L i AR, A o6 T AR

R RERAGERESAMBNEENR

Table 9 Potential applications for elevated-temperature aluminum alloys and their composites

3 AU 25 P TR RS ) ik
L) MU R 5 % TR HRLEE AL e AR & 424 29 130°C HFRigmE S
- - UK ol i s A iy 1% 2014-T6
HhEhsh g T Bk A4
E227) BT Vol it A286 4
" 2408 JESHL4E A4 Vol IR S 4
Rl i ALIR BEIEME | 170~350°C TAEFREE T 4k Vol Bk A 4
S el Mkt B PRI SEA Vol 2R e (P IR BREGEMBES
T R Mt £33 Vol BieE 4
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Research on Connection Model of Industrial Device to Cloud Platform
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(AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT] With the development of cloud computing, cloud manufacturing technology has become an important
means to integrate and distribute manufacturing resource. The application of the cloud manufacturing is grounded on the
technology of industrial device connection to the cloud platform. However, problems as a wide variety of communication
protocols for heterogeneous devices, the complexity of data security guarantee and inconsistent data interface standards
make it difficult for industrial equipment to connect to the cloud platform. This paper has designed such a connection model
with IMQ (Industrial Message Queue) as the pivot, which provides the industrial device an access to cloud platform. This
model has defined the capabilities of IMQ and IMQ adapters making it possible for heterogeneous devices to connect to
the cloud platform. Besides, it has set up an agreed protocol for IMQ adaptation and data publishing which can unify data
interface standards and ensure data security. This connection model puts forward new ideas and new methods for industrial
device connection to the cloud platform in the future.
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Applications of Thermoplastic Composites on Aero-Engine Nacelles

ZHOU Bingjie', ZHANG Daijun’, ZHANG Yingjie', WANG Wei', YAO Jianan®
(1. AECC Commercial Aircraft Engine Co., Ltd., Shanghai 200241, China;
2. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China;
3. State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, Center for Advanced Low-Dimension
Materials, Donghua University, Shanghai 201620, China)

[ABSTRACT] Thermoplastic composites (TPCs) have been widely applied to commercial aircrafts and helicopters
because of their good toughness, heat resistance, fatigue strength, chemical resistance and recycling for recent years. With
regard to aircraft engines, there is an even more urgent demand for high performance materials to achieve higher thrust-
weight ratio. Thus, TPCs are the ideal materials to manufacture aero-engine nacelles. This article introduces foreign
developments on prepreg research and advanced manufacturing process of high performance TPCs, as well as, whose
applications on aircraft engine nacelles. Meanwhile, domestic developments have also been contrasted in thermoplastic
resin properties, prepreg preparation and manufacturing process of TPCs.

Keywords: Thermoplastic composites composites (TPCs); PEEK; Aero-engine; Nacelle; Prepreg preparation; Composites

manufacturing process
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Fig.1 Thermoplastic composite fuselage clip of Airbus A350
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Fig.2 Thermoplastic composite rotor hub of Airbus H-160
helicopter
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Fig.3 Applications of thermoplastic composites on areo-engine
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Table 1 Brand of foreign commercial thermoplastic prepreg

WG | B AR | BRREE

s R | e e | e
Cetex TC925 FST TenCate | PC 153 255
Cetex TC1000 Design | TenCate | PEI 215 B35
Cetex TC1000 Premium | TenCate | PEI 215 315
Cetex TC1100 PPS TenCate | PPS 90 330
Cetex TC1200 PEEK | TenCate | PEEK 143 385
Cetex TC1220 PEEK | TenCate | PEEK 143 385
Cetex TC1225 PAEK | TenCate | PAEK 147 305
Cetex TC1320 PEKK | TenCate | PEKK 160 371
APC-2 Cytec | PEEK 143 385
Vestape PEEK-CF45 | Evonik | PEEK 151 390
Te”aXLPTUSZSPEEK' Teijin | PEEK =~ 143 390
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Fig.4 Automated fiber placement
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Fig.5 Molded parts fabricating using bulk molding compounds by
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Table 2 Comparison of PEEK properties for thermoplastic prepreg

i H T/°C | BEGEF PC | gL eC | R eC

LP-PEEK 156 250 306 —
CO-PEEK 149 198 317 217
Evonik 145 = 342 279
TenCate 142 175 341 291
Cytec 159 — 343 —

Teijin 143 — 343 =

El6 ERBETEAHEEEE SRR T H I8 PEEK EH TR A
Fig.6 Domestic independently developed continuous carbon fiber
reinforced PEEK narrow prepreg by hot-melt method
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Fig.7 Continuous carbon fiber reinforced PEEK composite
laminates molded by molding process using domestic prepreg
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Fig.8 Process validation of automated fiber placement using
domestic thermoplastic prepreg
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Fig.9 Honeycomb sandwich thermoplastic composites for noise
reduction liners of Airbus A380 aircraft engine nacelles
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A340-500/600 Pylons
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Fig.10 Airbus A340 pylons
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Fig.11 Airbus A340 pylon panels
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Fig.12 Airbus A380 pylon covers
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Fig.13 Final assembly and preparation of Airbus A380 pylons
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Fig.14 Thermoplastic upper spar manufactured by advanced fiber
placement for aero-engine pylon
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Research on Array Machining of Turbine Blade Tenon Side Fillet

WANG Xiaodong', ZHANG Yun', CHEN Zhitong', LIU Ruisong’, LIU Suijian®, WU Zhixin®
(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;
2. Zaozhuang Beihang Machine Tool Innovation Research Institute Co., Ltd, Zaozhuang 277000, China;
3. AECC Shenyang Liming Aero-Engine Co., Ltd., Shenyang 110043, China)

[ABSTRACT] Aero-engine turbine blade is the core part of the engine, and blade processing is usually based on blade
tenon as the process datum, so the machining of blade tenon has a crucial impact on the whole blade. For the fillet of
blade tenon side, now the common CNC processing technology in factories is: first in the multi-axis machining center for
milling and then mechanical finishing. However, conventional multi-axis simultaneous milling has low efficiency, complex
equipment and high processing cost. Therefore, based on the rectangular array CNC machine tool (3-axis simultaneous),
this paper presents the process system of superhard abrasive grinding, polishing and rounding. Among, the combined
process of NC grinding and polishing with superhard abrasive solves the problem of low machining efficiency and poor
surface quality of inverted milling, and the accuracy of the rounded corner on the side of the mortise can be up to 20um.
The use of multi-spindle rectangular array CNC machine tool (3-axis simultaneous) greatly reduces the cost of equipment
compared to the original multi-axis machining center, and the machining time of a single tenon side fillet is shortened
within 180 seconds, laying a foundation for the use of more spindle machine tool rectangular array machining.

Keywords: Aero-engine turbine blade tenon; Grinding and polishing; Fillet machining; Array machining; Low cost
DOI:10.16080/j.issn1671-833x.2020.07.092
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Research on Forming Technology of Complex Aeronautical Sheet Metal Components With Large
Curvature and Variable Section

LI Xiaojun, DONG Jinliang, MEN Xiangnan, DENG Tao, ZENG Yipan, CHENG Jing
(AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China)

[ABSTRACT] The “rainbow” part has such complex characteristics as long size, large curvature, variable cross-section
and small angle, half of which is joggle, structural distortion and so on. For a long time, this kind of complex parts had
been formed by the method of “hammer forming + manual correction” . The forming quality was poor, and a lot of manual
correction work was needed in the later stage, resulting in low processing efficiency and qualified rate. In this study, by
disassembling the structural characteristics of the part, the existing technology and equipment resources, a cross-specialty
combined forming process of “profiles + sheets” was proposed, and the application of stretch-bending technology of
profiles in the forming of aeronautical sheet metal components with large curvature, variable cross-section and small angle
was explored. Through the process test, the forming parameters of the part are verified and optimized continuously, and the
precise forming of the part is finally realized.

Keywords: “Rainbow” part; Complex characteristics; Hammer forming; Stretch bending; Combined forming; Accurate forming
DO1:10.16080/j.issn1671-833x.2020.07.096
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45 106 214 145
90 109 216 10.6
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20.6 0.707 360 0.18
21.1 1.134 359 0.186
15.6 0.85 3525 0.167
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