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Preparation and Application of in-Situ Ceramic Particles Reinforced

Al matrix Composites

WANG Haowei

(The State Key Lab of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai 200240, China)

[ABSTRACT]

In-situ synthesized ceramic particles have the advantages of small size, regular shape, high stiffness and

clean interface of particle/matrix. It is an important technique to prepare high-performance aluminum matrix composites.
In-situ TiB, particles reinforced Al matrix composites exhibit high strength, stiffness, good ductility, fatigue and machining
properties. In addition, the components can be manufactured from the in-situ synthesized composites by liquid forming,
plastic working and additive manufacturing. It avoids the common problems of Al matrix composite, such as, high cost,
complex processes, difficulty in machining processes and hard to fabricate large sized and/or complex components.
Therefore, in-situ TiB, particles reinforced Al matrix composites have a broad application prospect. Based on the detailed
cases, the advantages of fabrication and comprehensive mechanical properties of in-situ TiB, particle reinforced Al matrix
composites were analyzed. The application and development in future of the composites are forecasted.

Keywords: In-situ; TiB, particles; Al matrix composites; Processing; Comprehensive properties
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Fig.3 General illustration of relationship between physical and functional integration in

aircraft final assembly processes
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Fig.8 Framework of aircraft complex systems integration design at final assembly stage
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Table 3 Example of top test process planning based on functional technology dependencies
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Preliminary Research on Aircraft Complex Systems Integration at

Final Assembly Stage

LI Tao, JIANG Min, YE Bo

( AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China)

[ABSTRACT]

A modern aircraft is equipped with a large number of advanced systems today to meet the mission

requirements when operating in complicated working conditions. This leads to the ever-increasing complexities in aircraft
system architecture, control interactions, information exchange. Difficulties are also found both in development and
integration in manufacturing stage. The nature of aircraft final assembly process is the final integration of complex systems
at manufacturing stage. Installations and tests, or physical and functional integration are two main final assembly activities
that support each other. The integration design of aircraft final assembly aims firstly to plan the overall process with
installation and test tasks towards the aircraft architecture from components, sub-systems, systems and aircraft. A proper
integration sequence allows satisfying the comprehensive aircraft function verification that prevents technology and quality
hazards in the integration processes. From the systems engineering thinking, this research analyses the relationship between
introduction of product functionality and requirements of production operations. Based on that, a methodology of model-
based final assembly integration framework is proposed with general engineering path towards axiomatic process design
and collaboration of product design and process planning. An initial case study is also used to have a preliminary analysis
of different system dependency aspects influence on integration process planning.

Keywords: Complex systems; Aircraft final assembly; Assembly integration; Systems engineering; Modelling framework
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Aircraft Moving Assembly Line— Pulsation and Continuation

FANG Shuiliang, LIU Mengnan, XIAN Guo, QIN Yonghui, TIAN Yuchen
(Zhejiang University, Hangzhou 310027, China)

[ABSTRACT] Aiming at the urgent needs of quality assurance, speed improvement, cost reduction and benefit increase

in the aircraft final assembly procedure, a large number of domestic and foreign literatures are reviewed about the assembly
line for aircraft or its key components. The characteristics of pulsation and continuation moving lines is analyzed, and
the applications of aircraft moving assembly lines all over the world are summarized. An overview is presented about the
design method of moving assembly line, the optimal scheduling of assembly line balance, logistics management, intelligent
assembly line management and control, etc. The Hall three-dimensional model for moving assembly line analysis and
design is established, and several research and development suggestions for moving assembly line are proposed. Finally,
with a typical aircraft moving assembly case study and analysis, the efficiencies of the pulsation line and continuation line

are compared. The results show that the efficiencies of continuation moving line are much higher than that of pulsation

moving line.

Keywords: Aircraft final assembly; Pulsation moving line; Continuation moving line; Assembly line balance;

Assembly order scheduling

50 MiZHEEA - 202145 645 161]

G 4 %)



Pulse Production Line %mékj &

FIIARX: Qi BLi, FBT . CMERAFKXLL I THRHREUT E[]]. REHEH A, 2021, 64(16): 51-57.
BA Xiaofu, XUE Honggqian, LI Xining. Restructuring method of tooling with less redundant constraints in aircraft assembly
line[J]. Aeronautical Manufacturing Technology, 2021, 64(16): 51-57.

RPN
LRI RER R ik

EmeE 7, B =T
(1 BT X%, H% 710072;

2. PALE 2 AL T 4R F RR Ay A PR F] , 75 % 710089 )

[HE ]

ATRSGRMERAE TR LR TAREABRE ST CIRENEE, BB IR TR REET &,

AT LR d @y AT 0 A TR Y RALA o R TCA 29 RABER W AT, AR T3K F LA F e T LA N JZ 04 T4 AT, 18
EHH A TR E s ML R FARE YRR Y RO BE, 23 TE S TRAYREAHFER #tmd
LRV ARYREMLEMBER, i b JFRT TRGTEAEN ., 2R, ATV ARG RELT &, A

RELAE R TR AR AR TR Kieit s, AP EA R ERRS 3

KEBIR): CALERLAE T LK A RN SUAL R AL
DOI:10.16080/j.issn1671-833x.2021.16.051

EEEH

MAREBRIRIF, ARFAME
AXNMBFURERRAREHEEEH
I

TRAHLBE G A P LR A RPLBEBC E
TR AT o kg s 24 i 2 7= 2 R 2 i
A SURRES W/ Sa YRS - 3= Uk R
43 0 1 g 2 Wi A 7 2k RS 3 a2
oAz p=gk . Ho, ksl A e 4 R S
o b ey RS AR, B RHLE
BEWL T BAT ] 1T R 1 e
RO A R A e [ e
Bt % A b [7) 8% 8 7 2 g i A
AHFEAR AL, [ X T et T 2
MR EA T, W EA T E
Sk a] FA D T AR AT AN Tk
% B TAEF- 5. AGV E4ET
PRELR . P2 T2 7E KL e AR
PR T AL TAERS, A T AR UE T AE
I T S R U T AU R
o MN—T AR sh 3] 55— T A
TAERT, AT A B B 2 o 2L

&, AN LR A AT R R ) 50% .

PRER T — AT i e 240 o
ST PRI, T EEA TR R AR
PERE R E 1R EE A TR E ]
PERE , L BHEIRE T KL A A 74k
MELATERE. B CHLSCR Y221
NP, Sk — L5 X — 42
e A 7 24 194 il i A A SR AN RE T A2
FOR X R C A 4 AT E 2 T
AR ER 2 PR ROk A b .
AR T M TR I R 2R
TURRESE, R T ALY REETERE.
TUARZIAAEIG N2y R BE A [
AT A TN 5 I B, 45
AP EA TR REEE A T G
. RIS PRI T 2
TRIITUAR LRI, 25 1 1 F 2R
S IS FHED  (EUR S A PR FE T
Ao E8# Y AR TR

20214E 64555 1619] - HiZEHIERA 51



N .
—— ¥ oru

T A2 T P E A A b 1 AR
HERG, T RCE AL X S
B 2B EA T RGN 3 Ao el e )
XE TR R EE . %
DAL G H A I A 61 2 1 2%
M, BA—E M EHERE, B h
T B R SR BT AR AR M,
HH M PFENZ ] —E ., B
Mo 45 1) A A T R T Y R
A7 A AR Ay 4 A B2 SR
— AN N BT A ] A T AT
P R A A, AT A T AR
T AR N VB R RO B B S (N
Pk ), i e o B0 B 4 s (B
FE3k ), nl E 4] T2 5 v o fL
Bt & Pk 52 J R 21 e . BT S
PR fe b, ol B T3 i
AT R I8 45 R BOF AR — s e —
0, SR AN T AT A — A7
T W, T 030 5 ) A fE 5E R R
A, XBER I T AR, WA T
HEAN 1. BB S AP s B
AN AL A S B P G R 8
A7, 3R T VR RE A8 T TC ML
BRIy 2, S b 1 S T
T EE A8 ) SR RIS S (57 2RI 2 o
5 o 2RI AR AR &
ik, EAHRCER R GE T
JEV A B TR A B T T, R T R Y
BT LI P A A AT
e kAR, AR TR EN
AR AR EE R, Li st
TN 123 R TR ) S P, T4
T HAARIMERERHIHIAL . Azulay
W T — i g Z s st
B TUAR TR, 38 1 B PR
EECES NN s g ik A ¥ Nl
e sl Y, Fisher %5 '™ i i
B VR CAR T R 98 T —Fhal
FAFTEFFBRHLA , 55T AYE L
F AR B D), S e R T3
THIZUR 3 PR AL M) CHLESE
BeA: PR A AL B T s, $ s T A
LRI BRI, BAh, A e
Fxt & % Box—joint ) I A<

52 RishisEEA - 20214 o4 B 161

A EAY 1 %< ( Affordable reconfigurable
tooling, ART ) #F47 T K& i lF 5%,
ART BRI T HEZRAE A R A
AR B T TR SR B R
FAHMCR. (HE ART Jrfexd 1.3
AR 2H B R BRI ST MELLH T RAIL
R PR A TR Z I E A, H
EREA A ER AR E T AIERf I
(i e R B M IR T AN T
PR BORBBIFERME T BRS04
RS,

T f v R R A 7 T
HAH Iy REEME A AR e, b
SERIE AR RN A ), A SR
DIURAREL Tk T LS
b T 2% e L2 SR A i R I 4 NI
JEE RV ZH 3R A S e ) i S ek
TR — 0] 2 42 W 2 2 i 5/ IMH 2
Xof B 2H R M K R % 4 5 F
JE ST D TUR AR E 4

CHLRE AL

TOHUR A At R —
PR — BRI B T 2R S I
AL, R AR TR
RZ B AR A2 s 3
g1 FIPAIRE O AR P EL]
B BRIHEZE e BEMR 2156 [ THEL1 %
So U ALY TAERR D, TR
T B — ST VAR, T AR
BELER AR EOR . L, 42T A
— AR S A R . TR
P LA TG B3 e SRR | ok
FLHRH R ML LB XS
Fedlr, R LALR TAR RN 2,
ARSI S, i ER I

ANEB A H B BLR 43 8 2~3 S AL A
RESE M. LASNERLHRAE Ay 3], — s 22
Yo i 34T A, BNVERL &2 g 1457 b
£SO VA | o I (VAN
I, A R T (R LR
Stk BTSRRI RS
PR ARSI A6 A 45 T4 .
SR T AR R R, TSR A
S5, — R A LR sl PEREY
fikah b peek | B 1 S RIHL A R ik
kR Y,

TR R L A P LR Y S RE
AR, AL S TR R 5 DL S
Z2 238 0 X R0 M T A S A e R
P& s, B — el A
F14) T A 0 5 A 0T ) T2 ke S B
TRHLBE LA P e Y TR LR R
B TR TEEA%A 5k
B R 2 PR

TROTFRLOREARE

TR HCE A L WA R4
a5 AT e 52 AR DRI G, T
e [ H A0 SR IR TR A 1 S b T 2
TR .

1 DRFRAREHHFER

PR ER I S R Ak, ik
TR EA miTndl (m=2,
n=2) 1~ 5 b [ £ il g9 a8 B N
Ci(lsism l<jsn),&E#Han

I3 AR IR h -
Cll Cln
: : (1)
Cr Com

A, SR R o A FLE A 2%,

bbb

B FEEAT I

Il o e EE Ny

Bl BIEREKENEF%
Fig.1 Pulse final assembly line



Pulse Production Line %@ﬂaﬁ:&

[ e R L

| l

(3t 4 |
!

| s | | Ehis |
}

Tl
=

%
G| |5l
2 [
B Bl
E| |1E
I R
&l &

B2 ¥MEMESTEZIZHESEK
Fig.2 Toolings in an aircraft assembly line

X TR R T 0 2R B T Y
B, TR L 0 R .

e e 1] 5 2 TR A 1 4 A
#ORIN T —> 6 F A IR

EZVF
DOF6 c, DOF6 c,,
: (2)
DOF6 c,, DOF6 c,,

K H, DFO6 ¢, /R T AT 117 )
FI W) SR T 6 (X, Y,
Z RX.RY .RZ) %,

e 2 TR 20 B RO
6mn A~ T E T2 6 23]
A, B TRIURAHN, XFAr
SCRSREEE T TR 2RI (Rt
AT MELIRER B sl AL ity

ML A, AR —F T
e, BN TR E AR T b i
2 A b TV A T ST R R A
BN Z AN, TSN IERTT
Al RES KA K TS Sh el 4 % o
DRI, 5 2 24 R — A i e 4, X T
BAEINIER N R4 & AR5, n ik
PR — A, a4
5. MR, X E— T “3-2-1"
24y of s B ) B KA TR i 24 B ]
e B, AR N -

DOF(X Y Z)c, 0 -+ 0 DOF(XZ)c,
O ......... O
O .........
DOF(Z)c, O -+ - 0
(3)

o, XY FORAKOT T Ay
ZFRBH I,

Gh AL G TR 2004
2R AR R AR TR IR
B i ST A B T 2 A
2o FEREA T SV B e SRl OB
TG I A EREE , R R
Ay DhRE IR AR A, DA B i
B2 ML AP ARER, I 4
LA B PA T T B R TH R K, X
PIANZE S5 X 1 Z | Y
A Z ARS8 B R X AR R
A RE A 2 s HoAth 7 B2 AR Z 1)
R 50 H FH L, 1K 28 4 A B T
B Ry s O T 2% 240 SO P i
INN

DOF(X Y Z RX RY)c, DOF(Z)c,

DOF(Z) c,

DOF(Z) C(mfm

DOF(Y Z)c., DOF(Z) c..

-+ DOF(Z)c,,, DOF(X Z)c,

DOF(Z) c,
DOF(Z)c..

(4)
A, RX\RY ., RZ 735l 3#REE X, Y

Z s A, DOF (X Y Z RX
RY) e, RAAHR T X, Y, Z RX,RY
LS AAHE,

U SE PR TR M IRA AT
M2 =MIE L, 8 HAh KA E

AT IR TR A 2R 2 s i
—A>m Ay n SRR G, 5 R AP
HHNE TC 2R 5 S B PR R ¥ 4 34 4 A
ARXE I 5 S B JE DR P AR A 3 4
f, FE M ARG R DL 0 415 O
R P HE AL GR A PR E N
(PN ) HE R 0 LA TR
Ay DU BT R RO e

TAHET TR AR LY
RAHER:

DOFLbﬁﬁ.ggqq =54242+ ( mn-3 ) =mn+6
6 oyt <<< DOF pgppug <<
6MN 40540, (M=2, N=2)

(5)
ATLAE Y, TR T/ IR AR
R 29K B R, /N e T
$EM 6mn ASZUHH o ST HEAR
NI T 2509 6 AN20u [ R B2, 3
TR T A AR NI B I EAOR
2 DRAAREALEHIREE
T2 JES 4 1 M T 1 3
PN N HORE IR . TG R4
A R BT 18 A B, b T 2
SR Y Sl AL S —
ASENF A, IS ENIZR 25 T e L
Tl e 0 J5 S A 5 A R g [
FE RV E A R R A5 R (VLR AR A, T
RN RI A B B AT R R T
FHECPREBA I IR, 76 PR 2% 08 o7 AR
AT U RN, 3 A i Bl
SE L TRTAE P A8 — F [5R0 ,  TET 322 422 1
WA SRR A 3 Bk
T2 R % B 1 A R 254
TE X5 M TG A AR XS 7, B -5 T A
[5E]FERE E 17 14), 38 R  8 5 VE h T
B P S A7 DA, [N S T 4% v %
A RES A7 5 5 T A A (530 A X
), B BRI B VR T e 2k
L5 g Hb T — P [ AE X 1, 8
B AR GE 1) — R B VR T
W E LT o TR B A
ML E 4 Fis .
iy T A TR o 3 2 Bl gk
T LA o BV T AR A PRI 5 T

20214F 6451610 - i MEHEA 53



N .
—— ¥ oru

P e s e s

VL

P B
'-B_ — D cr \d—_f_ilf[i
v am=il/ N ES——
’ SR mase | c[ X e Al \ e BRzgE/ o |C
2] (I ) ,.tfu‘i Ot R ) | CHiBI S ) IERE (SFES)
' #k i ok . :
/: X }(;’lr?\ rjmr/tr RX. RY) Djoﬂrri(zw’i SERE: | ) ) .
- <= + <3 <=
H 19 © Q.0 /|t v Kewd
L A | A B HY — M)
;‘:// \2 If.{.?}c %Ejilﬁ?ﬂamm}’ﬂ 5\2-“ fizk
g A | 4 !
H o o o o |y v v ¢
L] 5
) E B3 16 | R{iSE
L] I}?iﬁ!}lﬁlﬂfﬂ JQCLER) ) )
2 - £l i 1+ <=
j; i ‘ ‘ ‘ _A:l ¥ ; ; :
B-B DOT D-D D
- 2

B3 MEEZERASHSHEEENK

Fig.3 Distribution and structure of ground joint points

B IR ) £ ) B S i 5t T 9
R TR R 5 T2 P H it [ ‘WJEE
AL BRI, Hu i — BRI T
A A — e B £ ) RS B aa'Jo
P B 24 SR 32 5 R 2 A% b T R
B AL - BRI ) - R E 2"
PURFTRRAE . A2 TARSERrR B 5
Abi e ] Z R 24, il £l -
B B 7 HE AL — HERN I & 25, E AL
LMt S A KIEH - A&RE .
T - S SR - MRS
&, LRI UM E 5 O R AR T
Pho i Bl L 1 sl AR I T
TS TIRIEE B 28 SEHINIEE
KRB, v DL B — 2 —
i I R T ] Ao 4 ) — JBEIR 5 5 S5 R
NNt ON N v e e
— e B A ] e ) — e B 75
Xt R A i [ P A A i s ) T
B, g Jm TR, P AR AR BRI e
AT LR E AW LU R 5(a)
PR A X T 1R A% 1) SRR
Tl 0 T2, ANt 2 1 s R ARt i
SEEMRN TS A BRI 5 1o 2
FEFHER T ], PSR A SRR A

54 RiZshlisEA - 20214 o4 B 161

7/ ///
A
T EE muam
"—ﬁz;h I
¥ /| [ R _.r.\ ; -
B e i
N4 S NN sl
i /j* \ @ B .:{;\a/; G
2 ZE M5 5 )
v i 2} = 1
B R S5
..f' AL '\ [ de]ﬁm
F-F fl F

(a) %% b 12

B4 TERRBEZRRSHSHEMEHERX

Fig.4 Distribution and structure of bottom joints of tooling

P2 2ol

(b)) A5 IS bRl 122

E5 &EmEENEBRESR TRNEMSE
Fig.5 Positioning line of isotropic and anisotropic material tooling

ARESERMA (A S (b)), LUEA RO
RO PR B v 48 P s J R A2 HE

IRVPRKRAREARIT
TRHLRE LA R AR IR
A KA IR T2, B
Do ASCLLPRZE E A # i 1T
IR YR E A S5
PZEE K- 1160mm. 55 1080mm.,
#511900mm ., 5. 2450kg . 7&#kfE /150000N.,

Horr FEHK: 1160mm . 58 1080mm .
15 300mm., IR E AL AR A AL
TCH” A EEIE R BR T CH
Fg L s AN HAth 5 A R 3 A4
Kt A . 3 A g i — R &
FREAS I B HLRS) (SIS R AL ) .
Hovr, — AN K i 152 4 B A Ry e 5
F B AR E MRS A 5 2 4K
W R 5V Ry e S e R 5, il e
DL 5 0], W 25 6 2k 1) e o0 L



Pulse Production Line %@ﬂaﬁi&

s 3 AT P4 ) — R3] £ el B e
P EIVEF 5 575 2 N EER I BB (i
SRR B ) FE TR L (v A5 b ]
Z IR TUEVE . IR A A
TR S R AR W E 6 BTN, IR b
ST Ry RE L A o € A7 4 i
ek Vs OIS S s s I R (R <6
— B[R B, PR AN Ry R R BT
(BB RL AL ) .

FE M T AR, AR K
B R Eb R 5 A 7 S 45 1 K B8 R
SRR, JEERE Ky 40mm, TEAN B ik
B [ R R by o7 D
58 R A TR A 4 ) 4 ol
PR 2% DR B T )5 B 3 A —
R, A Rl B E S BEE 2 NI
grAL, R S A A 1) FE 4 T
(AN JR R PR B e B AL, 2 MR £
T BAEL) o b ORGff B HE A Y p
T B A S 5 AL A5 PR A )
B v 7 I A R TR A Y
HUCL B 5 55 AR R4 5 10
SO ASE B N, — B [5] EE R  res r
SRR RS L S A= O AN
Fe b BHLR B o0 7 B S R EFL )
HUC L BRI o AR 3 R
AN 7 s, RATRAL R N AR A
{ENREAR R Y vy e R s
A7 2RG8R0 Sl —
T Il , BB IR EEL

PSS (e
I 4k

IR
fa i 2 2%

W EN R — M 4 5%
FE A A IR AL AR, PR, A Ml 7
il 7 4 Hein & 7 Bros A . AR
A N e T S ]
5 b TR 55, 4 HUAR 0 2 7 26 1
] R R — B AR T AR R
TR e AR AR TR ) PR R —
WA AN E 8 P .

SIEUN 225 KN ey W L3 LS
TENLASRS Bh Z AT R Bt AL, A 9
JI7R o JREERE A5 H TR AR AR AA) J
TUARL AR TR BC A «

(1) 5 9] 2 5 57 #8755 Ak
A K5 f 52 5 4 A e T AR P A R
N7 R A PR e [ A v, R A (3]
5 550 1 [ A A e s, S8
7 DA A P A

(2) W V8 45 5 7 4 T 2% 58 o 4R
AR i PR 60 [0 5 47 A b T Al 7
TIPSR (R A v RS o [ 4 5
EPREH K IR A AL 2 B shRl, 52 Bl
FENILR AL

(13) 4 9 22 5 A7 7% v vl A 45 1)
— P 52 5 47 A St T A g — R 5 A
e a] {4 ) — R 5 5 — [ A
FE G R RTRS Sl I, 5 B84 B 7 T 119
HEYLHEE

(4 ) it 2t 1l A WL o AL A 19 O
(Bl BB P ML ), o I8 2 or
5 TR AR AR TR

o P E 5
SE L 1:*’,'.—?.

5
il By 5 oz T

E6 AEREMNFBREEZESNE
Fig.6 Connection point distribution of the bottom plate of attitude adjusting and
positioning device

K9y 4 5 8 Y358 o A% 5 L THI
HH N5 7R B
PERE ST 4T

DL ) 7] B 4H R 5 5 e N
B, BT U4 2 R Y B A SCR A

SN T3 WA T )P
1 DPRARAREABE
TEE LRI, R ITURY

FOERTT A R IREE A E 8
B R AR IR 5
FHBE (A OB, 2 A2 2 A R B

i fy 1 L

il {2k

— il [52] HE AY
Aol 0y A

il <[5 S
Pl E {2

umwmm
SV I

E7 WMiEEASATE
Fig.7 Connection points distribution of
steel plate

{REE L Hb i R

E8 i ENiRS T
Fig.8 Distribution of steel plates on ground

E9 EHEBMHIFEEMSR
Fig.9 Distribution of attitude adjusting
and positioning devices

2021455564 5 55 1610 - ISR 55



N .
—— ¥ oru

HEN LIS, 3N AR 1 [ E
) RS il B 7 P FE 45, 2 MR L
ARG R B ATLAS (i igehr B
HUFE ), 20 14 AN A .
DOF gy =5+42x 2+1 x 3+1 x2 =14
(6)
WASR A TR AR AT,
BIEEN A b 8 A EH S Y
RAE LR B AR 6 A~ A
ALyt 48 S
DOF 405 =6 x 8=48 (7)
B EN AR RITORA R
A BB D TR R E
B 3.4 1%, B4 1 BRTIRAKR
(A RS E A B TN AT DA 4 3 5
DICRLIR VL E i ds . UL, A
e RTURAREL, IR R R
PR R 3 15
2 DRRAREHANT

FEFELLN )07 8L, R/ IUR Y
R 7 2, AR A5 k) e A
EEAN G AR KL, TRIRE L
P R £ (SRR 5 ) &R AT LG T
b A7 A ) b T P 162 A (BRI ) o
FEABTRAEAEATAI T, 4nf&l 10( a)
N U SR SR VeSO S R oy |
B & T84k, S TE M 252 ol
SRR T L 1 18 [ A 75 R0 52 At (B
H R & AR AA AT, BT
Ell P S Vs A A % S D] A iy
(A G ) ToPAH AR o (4 (R A
(S B ) b, A e ST 2 N ) 3% 42
XHHECE R 2, 40 10 (b) R,

W RASTUR A RER T,
T8 WG 4% 78 0 £k 1 I 1 7 S8 4 i I
R RAEAL, BAOWISEN L BB
(53] 5 R [ A A (Bl 5 5 R (B0 A )
FELETI, BT 2RI AL b 45 i 4k
RS (SR &) Joikdd A S i
TAT ) (5] A (Bl A ) o, 25 45
WA E R E I 4 XA
AN A7 AFAE FELHL N T 0 34 FE 0 R
w4, L, MR TUARA R EA,
DITUAR AR T YL A AL T %
FEXT I Bk D 50%, 4 11 (a)
Fiim o SEbR b R 2 BOR %
FEANL A B 0 A SRR

56 M s EA - 202145 645 1610]

F R AT, T 2IUARA R E
7 B TG R, B LT
T W T X AR S A AE TN T,
K11 (b) . B, SERRfESLH,
LTI R ELL, D ICR R E
ZH A1 A EZH N T B A X B B K
A 18D 50%., 45 b, s E
PR FE TR AR T T L A
P 2 530 R R A A B8 43 )
48 Fl= 4; T TURLIR T
LA [ H RE R R A N SRR
AT 14 Fi<2,

&g
A ST i A A TR TR

RCE 2R AT RS R Y T
JE T2 DT UAR AR B SO

REZMHT , FSE R DT UR AR E L5
X TR B A 7 2 TR A A
AU LA

(1) m&cREA . T EEm
2 SR — A U L AP
2 e N EE A, R AT E (07 2 A
BRI BTRY , 2 A R ML T
ARIEHABIMEIE L o

()R AEA. T AI0R
YR B LR A B A
T2 3R A e BE Y R, T
O VPR G A7 ISR 8

()R IA A LR R
T — B SRI P AR Bl il 5 2
RN TR 222 A, Rt (4TI 7% 5 )
AR T AR AN 2R AR/, 5 B[
TE 2B T FE LA L, R AR

SEEE TR,
1 1 1A Sl
(922k ) '_ET!;E
P& mgEE (5
&) Hf

274 ah|

(a) JCHZ NS (b)) Ty
E10 DRRAREH
Fig.10 Less redundant constrained restructuring
FEENR AR O TR A/ HE S EEh |
G TR Renmn  © ©
ST (56 ) TR (5228 ) 5
ST M E/MES (BL) s LM s/MdES (R ) 55
A ) 5a L4 Mo TR
@)
B0
SCLRH S H MO I A Fois
LR A TR A/ S
O O Q

(a) ZHE41N N

(b) AxTEHN S

Ell £RRAREAH
Fig.11 Fully redundant constrained restructuring



Pulse Production Line %mékj &

THEANA.

(4) s HEL FET o 2w
eI H R D TUR R 2
D7k ATHES LRI AR H A AT 2
PEEEH TG, AT ARG

& x x o

[1] ke, scs, Fifgle, 55 LT IkahA
PR A 5 O A L B R G ], s ik
AR, 2013, 56(20): 124-127.

ZHANG Jun, WEN Bao, WANG Hailong,
et al. Management information system of lean
logistics based on pulse production line[J].
Aeronautical Manufacturing Technology, 2013,
56(20): 124-127.

[2] Z4&de, Fhach, EHEF, S5
BT RN R R[] A s il
A, 2013, 56(17): 58-60.

LI Jinlong, DU Baorui, WANG Biling,
et al. Application and development of pulse
assembly line[J]. Aeronautical Manufacturing
Technology, 2013, 56(17): 58-60.

[3] HUSTON R L. Constraint forces
and undetermined multipliers in constrained
multibody systems[J]. Multibody System
Dynamics, 1999, 3(4): 381-389.

[4] WOJTYRA M. Joint reaction
forces in multibody systems with redundant
constraints[J]. Multibody System Dynamics,
2005,14(1): 23-46.

[B] Ui, Vi, . 2R RET
MTUARZIR]. 1272741, 2011, 43(2): 390-399.

QI Zhaohui, XU Yongsheng, FANG

Huiging. Study on redundant constraints in
multibody systems[J]. Chinese Journal of
Theoretical and Applied Mechanics, 2011,
43(2): 390-399.

[6] F#i, ME, FildE. ETHFL
A A SRk TR AR I [I]. e il i
AR, 2018(11): 115-118.

WANG Wei, CONG Weichen, WANG
Chengxin. Research on adjustment and installation
technology of flexible tooling based on digital
measurement[J]. Equipment Manufacturing
Technology, 2018(11): 115-118.

[71 AHiRR. FRRHLE AR v A 50 T
BBI[D]. TEBH: R FRATES LR, 2019.

CONG Weichen. Mobile tooling design of a
certain type of aircraft component[D]. Shenyang:
Shenyang Aerospace University, 2019.

[8] Wi, B, ME, F KL
TPk R A P LR B[], s R,
2018, 61(9): 72-77.

BA Xiaofu, ZHAO Anan, HAO Ju, et
al. Design of modular flexible aircraft assembly
line[J]. Aeronautical Manufacturing Technology,
2018, 61(9): 72-77.

[9] Wemy, AL, sk, 45 KA
AR AL 24k R AR A< E SR B [31. i
25 il A, 2019, 62(8): 49-53.

BA Xiaofu, DU Kunpeng, ZHANG
Cheng, et al. Design of intensive and
reconfigurable assembly for large composite
material aircraft[J]. Aeronautical Manufacturing
Technology, 2019, 62(8): 49-53.

[10] LI M, HUANG T, ZHANG D
W, et al. Conceptual design and dimensional
synthesis of a reconfigurable hybrid robot[J].

Journal of Manufacturing Science and
Engineering, 2005, 127(3): 647-653.

[11] AZULAY H, MILLS J K,
BENHABIB B. A multi-tier design methodology
for reconfigurable milling machines[J]. Journal
of Manufacturing Science and Engineering,
2014, 136(4): 152-161.

[12] FISHER R, PODHORODESKI R
P, NOKLEBY S B. Design of a reconfigurable
planar parallel manipulator[J]. Journal of
Robotic Systems, 2004, 21(12): 665-675.

[13] Lh/vm. CHLER I A LA
HWFSE[D]. AT : WLk, 2017.

MA Xiaoli. Research on optimization
design of aircraft assembly line[D]. Hangzhou:
Zhejiang University, 2017.

[14] KIHLMAN H,ENGSTROM M.
Flexible fixtures with low cost and short lead-
time[J]. Engineering & Technology[2007-09-17].
DOI: 10.4271/2007-01-3797.

[15] OBmkis, Tate. Gk nl S
G TR Ko I B[D]. fiioas il ik FoR,
2013, 56(18): 26-31.

ZHENG Lianyu, WANG Jianhua.
Development and application prospect of
boxjoint-based reconfigurable and flexible tooling
technology[J]. Aeronautical Manufacturing
Technology, 2013, 56(18): 26-31.

[16] X% FETRE My G i
BE BB A BT I R BIFFE [D]. Jbat:
L TR, 2014

LIU Qingjun. Research on box-
joint assembly jig optimization design and
measurement technologies for stability[D].
Beijing: Beihang University, 2014.

Restructuring Method of Tooling With Less Redundant Constraints in

Aircraft Assembly Line

BA Xiaofu'?, XUE Honggian', LI Xining'
(1. Northwestern Polytechnical University, Xi’an 710072, China;
2. AVIC Xi’an Aircraft Industry Group Co., Ltd., Xi’an 710089, China)

[ABSTRACT]

In order to improve the restructuring performance of tooling in aircraft assembly line to meet the assembly

requirements of various aircraft types, a method of tooling restructuring with less redundant constraints is proposed. Based
on all redundant constraint model and non redundant constraint model analysis of tooling and connection pairs, and balance
analysis of efficiency of tooling restructuring and stiffness of tooling restructuring, by releasing some constraint degrees
of freedom which have little influence on the restructuring stiffness but great influence on the restructuring efficiency, the
mathematical model of the restructuring with less redundant constraints is established, and then the structural model of the
restructuring with less redundant constraints is established. On this basis, the restructuring design of tooling is carried out.
The analysis shows that the restructuring performance of the aircraft assembly line tooling can be greatly improved based
on the restructuring method with less redundant constraints, in which the restructuring efficiency can be increased by 3
times and the number of connection pairs brought into the restress can be reduced by 50%.

Keywords: Aircraft assembly line; Tooling; Restructuring; Connection pairs; Less redundant constraints;

Attitude adjusting and positioning device
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Modelling for Complicated Assembly Line Based on Extended Petri Net

HE Lei, LI Tao, ZHANG Shijiong, TANG Jianjun
(AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610091, China)

[ABSTRACT] Aiming at assembly process complexity and assembly line throughput prediction in aerospace industry,
this paper proposed a novel assembly line modelling method that builds the physical-layer and logical-layer model
separately, with extended Petri net models respectively. Based on this concept, this research further applies a modelling
strategy which links the extended Petri net model of assembly line with discrete event simulation. This allows a discrete
event simulation model to be used supporting assembly line throughput prediction under constraints of multi-conditions.
This paper uses an aircraft assembly line as case study to implement the proposed modelling strategy and method in a
discrete event simulation tool for throughput prediction. The results show that the proposed method is feasible and better
at modelling the logic of assembly line operations, as well as the influence on assembly line throughput prediction under
different resource configurations.

Keywords: Petri net; Complicated assembly line; Modelling; Discrete event simulation; Multi-constraints;
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Discrete Event Simulation Design of Aero-Engine Pulsating Assembly Line

LIAN Yuchen', CHEN Jin', CHENG Huanchong’, ZHOU Shuo'

(1. AECC Shanghai Commercial Aircraft Engine Manufacturing Co., Ltd., Shanghai 201306, China;
2. Shanghai JH Simulation System Co., Ltd., Shanghai 201306, China)

[ABSTRACT]

In response to the pulsating assembly line construction requirements of high bypass ratio turbofan

commercial aero-engines, the pulsating assembly line is modeled using value stream analysis tools and discrete event
simulation technology, and key production indicators and their main influencing factors are simulated and optimized.

Quantitative analysis of the correlation characteristics of the main influencing factors and the law of contribution to the
overall production capacity is conducted. A typical aero-engine pulsating assembly value stream model is constructed and
a simulation technology method is proposed to support the construction of advanced pulsating assembly line and capacity
planning demonstration, and provide technical reference and reference for the transformation and upgrading of the existing batch

production assembly line.

Keywords: Aero-engine; Pulsating assembly line; Discrete event; Simulation; Assembly
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Table 1 Comparison of physical properties of common metal materials
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Fig.6 Nanofluid in grinding titanium alloys
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Review on Cutting Tool and Processing Technology for Titanium Alloy

Aviation Components

SUN Jie*?, GUO Kai'?, YANG Bin*?

(1. College of Mechanical Engineering, Shandong University, Jinan 250061, China;
2. Research Centre for Aeronautical Component Manufacturing Technology and Equipment, Shandong University,

[ABSTRACT]

Jinan 250061, China)

In aviation industry, the usage amount of titanium alloys is often regarded as one of the most important

indicators to measure the advantages of aircraft materials selection and the development of the aviation industry. However,

the excellent properties of titanium alloys also bring great difficulties to processing them. Difficult-to-machine materials

and difficult-to-machine structures are the two challenges in the process of machining titanium alloy aeronautical structural
parts. This paper summarizes the current research status of the cutting tool and processing technology of titanium alloys
components at home and abroad. Then the current bottleneck problems restricting the efficiency of processing of titanium
alloys are presented. Finally, the new technology of titanium alloy processing and the development trends are summarized.
Keywords: Titanium alloy; Cutting tool; Machining process; Green machining; Chatter
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Fig.4 Tool monitoring software system based on power information
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Table 1 Tool life threshold range based on power
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Fig.9 Monitoring results of machining condition of root milling cutter
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Table 3 Accuracy statistics of tool machining condition
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[ A, Fokker 28wl ik -l & T —

FR1 Cetex TCL100 PPS# M S &1 /1 14 4E
Table 1 Mechanical properties of Cetex TC1100 PPS thermoplastic composites

Property Condition Test Method Result
Tensile strength (0° ) /MPa RTD ASTM D 3039 2020
Tensile modulus ( 0° ) /GPa RTD ASTM D 3039 134
Poisson’s ratio RTD ASTM D 3039 0.33
Tensile strength (90° ) /MPa RTD ASTM D 3039 39
Tensile modulus ( 90° ) /GPa RTD ASTM D 3039 10
Compressive strength ( 0° ) /MPa RTD ASTM D 6641 1100
Compressive modulus ( 0° ) /GPa RTD ASTM D 6641 117
In plane shear strength/MPa RTD ASTM D 3518 82
In plane shear modulus/GPa RTD ASTM D 3518 315
Flexural strength ( 90° ) /MPa RTD ASTM D 790 68
Open hole compressive strength/MPa RTD ASTM D 6484 267
Compression after impact/MPa RTD ASTM D 7137 216
Tensile strength ( 0° ) /MPa RTD ASTM D 3039 2760
Tensile modulus ( 0° ) /GPa RTD ASTM D 3039 152
Tensile strength ( 90° ) /MPa RTD ASTM D 3039 39
Tensile modulus ( 90° ) /GPa RTD ASTM D 3039 10
Compressive strength ( 0° ) /MPa RTD ASTM D 6641 1280
Compressive modulus ( 0° ) /GPa RTD ASTM D 6641 124
Flexural strength ( 90° ) /MPa RTD ASTM D 790 65

TE: R ASAA 12K FAIIBRETYE , 2F 4TS 5 2219/m? MR 405K 34%; SR IM7 12K
A RREF L, SR LRI 1460im° , ST B 435K 34%.

F2 PPSEAMMEZRNANERK AL
Table 2 Applications of PPS composites on main aircraft types and positions

LS fdE TR AL
A330 RIE4 N i e SHiS
A330-200 U5 eI
A340 eI AR | KA S
A400M R Rk miAR GmAE H
G650 J7 A T EEAE
Fokker50 J5 WIAE AT | T4 SRS FOMT 5
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TR PPS KA kHEI A R T CF 35i
i35 4 Gulfstream G650 il Dassault
F5X i FmE S LR SR

Fokker 23 F]>R | CF/PPS #448
YR A HPRL, i3 Gulfstream G650
TRALAY ) A A TR, W& 4
s TIE kL SR F TenCate 23
f) Cetex 41, B i5 A Ticona 22 vl
i) Fortron PPS, SKFH#IAM:E &4
REE QRIS NR 2 A kL e 2 45
Fy, HoE B2 2 10%, A AR 2
20%. Fokker A al Az A
AR R R RN T RA A 114 R 0L 4

(b)) HLEL L% A R4
B3  Airbus A380 ¥ ALAHIGF/PPSH A
SEaMRNERS
Fig.3 GF/PPS thermoplastic composite
leading edge of Airbus A380

E4  FokkerARIFFHIHICF/PPSHEME S
WRAEE
Fig.4 CF/PPS thermoplastic composite
rudder manufactured by Fokker

96 LM HA - 202145 643 161]

Fe AR RS T 2010 4 JEC fiias 2510
Bl

RERS R R E AR A T i 4, 2
PIH M A AR L 28 S5 4 A5 3]
KO R EERHNZ —, RS
P )y 3, e T A EL AL AL AR
AR 2EERE R DD T
PRI AT R IR BRI T 4544
AL NA . 85 E i (DLR)
R AR PR R R SR Ha PRS2
AR I T8 A320 KHLIE E SR
REJB R 1% AR WA 2 b7 T
SR R £F 2 25 VF A i BTG AR AR
SIEM I A 4R IR
Wi 77,6 8 Bt CFIPPS & &4k}
TR, W 5 R

A350 1) Bl & i & R 1 H
TenCate 2\ #] Y Cetex CF/PPS #4H
PEFR AL, K FAPUE T2 A0, fn
6 firom , AP B F Y £ R gl vl

Wissen flir Mc

»

(a) Ja e BE A X

RETA . ZBRAEME A Teijin A
FI Y Tenax $IHVERR LT 4L VE N
B SR A, R K PEEK FHAETRZF
Ay FIGR. ZBARNER Teijin 24
Al RO R R T R
AR R i ) 2 3% b PR B3 T4
A SR A E A5, Teijin A
FTE MU BB T AE ™ 1700t FAEE
BB b SR £ 4 A 7= 2%, b i T &
H PEEK ., PEKK, PPS ZE W1 i
i) 2 AR

ML K B S AL A
SRR A B A R A, Al 7 (a)
FiiR. A340 KHLE SHMLAE G iR
T Hy 12 26 HE 22 {457 i S
IR FH CFIPPS Mkl 15 . 451
J& 700~1400mm, 5% & 200~400mm,
JEERE 2.8mm, HAT &2 22 U F AR,
FAE A B o X e T, an ]
7 (b)) Frss

(b)) Ja R REA T

E5 Airbus A320 ¥ HLCF/PPSH B
SEMREENRERTG
Fig.5 CF/PPS thermoplastic composite rear pressure bulkhead demonstrator of Airbus A320

El6 Airbus A350 ¥#LCF/PPSHEEME &M I G EER R
Fig.6 CF/PPS thermoplastic composite fuselage clip of Airbus A350
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5[5 Daher 2 & 7 il (1 25 &
A380 ALK ShHLEAE M HR5E K,
Pl 8 iR P i EEH IR A3B0 KHLA
L L 50 e MRS R 2z —, K
JH TenCate Cetex TC1100 CF/PPS #4
BHE . 2Rk BA L S
FT itk 2 Ah R HAT A AR R R
P, AR R T2 RS, AT B R
PER TR

RFAWE S SWE

B I5 TR ( Poly aryl ether ketone,
PAEK ) J2 VA JE A 3 Pk B R F S
R —SERE W AR 5
HRRRERR I 5 PRI T A EL
SR NEREIFIANE 2 Nl IE S 7/ M2
h PEEK Fil PEKK J& i el i
A B AR A PSR 314
PEEK j&—FhZiaHRBZS H R T
FRARL, JCPERER S AT L T

(1) Pesrrymit#4k. PEEK 3%
L PR AT 35 240°C, I 4% 1000h
PEAL IR AR R (2) 50
it K e, T K 28 VR SR PEEK
() — 01 BUREE R0 2 PEEK A 7E

Fa i e ;

A340-500/600 pylons

= Y & i
(b) SR M A5

El7 Airbus A340 ¥ HLZ B EEAE R
Fig.7 Aircraft engine pylons on Airbus A340

RPN, e TR A
B B 28R RE . (3) IR A1k
il BRUEBRIRSL , PEEK JL°F-
Tiif A ] £ 2 245 b J6 ok, L7 5 s Tl
BETN A REORFE R A m ik AR vk .
(4) R AZNM: . PEEK 7R
H 3 T AT ELA B/ N A R RE £ I
Yl (5) L mmiaat:. PEEK 1Y
iy ST 2R AR, & TR IR i
.

FET DL R T 458 PEEK
R T ML A 1 L 28 A
VISR AT 4 B AT YEdE A THE s
PEEK & A # EHA R LU F “HLIY
LI ATZ: ML FROATFE. Lok, %
TPk A, R N )
LB & LA A LAY
I PEEK & A A1 BL Y 1 FH 4n 2%
3 R M,

% ¥ Boeing 2 ] B757 %
GF/PEEK DAyH 5 B Jy il 5
SR R %A R R BT S 4
P, v R R A IR B | R T AR
A1 HOEE A R s 2 30%,

E8 Airbus A380 WL ZZhHLIEAE IR K
Fig.8 Aircraft engine pylon covers on
Airbus A380

%3 PEEKEAWHEERANE KM
Table 3 Applications of PEEK composites
on main aircraft types and positions

LA {4 TR AL
W 757 KPR
W T787 i DR
A340-600 i WL FTZ
A350 fi R SO
A400M , A380 THIA 1T 55

& KR 90%.

7% Stelia AFRH CF/PEEK
BAMBITE T — 4 RF ik
MLEBAELE, G 9 Firs M. 145 #
FIFH 22 R A s iR R #E( Out
of autoclave, OOA ) [Elfk T 21l
FAVIPFAS T — QB a8 C B A A
YRR SRR AT RERE 1

iF &k PEEK WS 1L 5 1Y
1 % 1 e, AH 4k #E T TC1200,
TC1220 % 4] PEEK #4914 & 45 4
B, Horh TC1220 By L &
Honpihi J5 FE4E58 3 nT 15 345MPa,

PEKK 5 PEEK # Ky AH 2, H.
ZER R VS Y Sy B o O R =
Fatn & 10 ff7 . PEKK A% PEEK
AT AR AN TR DL R B A
THRE T L0, HEA MY
J12E e RE, X 1S PEKK &2 & 88
B T 218 PEEK &4 M B AL,
JEHEEA A T 22k, Hik
TenCate 2 Fl#fE H 1 Cetex R 41#4
MR R R P — MK
J#5 5 PEKK Z41, MERE U 4 Frs ™,

S
g
:
)]

E9 Stelia’x RFFHIHICF/PEEKHE 14
S ARSI 4
Fig.9 CF/PEEK thermoplastic composite
fuselage demonstrator manufactured by Stelia

E10 PEKKFIPEEKHILFE L
Fig.10 Chemical structures of PEKK and PEEK
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K, PEKK o8t 2 i - & FAE &
PERE I R 3L 2 A bR AR SE 1,
2k 8 TR A B AL 45 # F ul
PR

fER TAPAS 2 15 H#F 55 -5 i
—i#4y, NLR FF& T KR KIS

PIBYERE A MRS A Sk T
2R, K TenCate Cetex TC1320
CF/PEKK HLpa] fiii2 ki 12 H 2l
T2 R & sh b e 4 R,
WE 11 frs M, iZgE MK 6m, R
28mm, A R4,

R4 Cetex PAEKRFIHEB S S#11ERE

REARG T il AR S5 M E i e T
BRIBRCR

4k, TenCate 22 1] 5 NLR #
DTC 24wl & 4E, X H TC 1320 CF/
LM PEKK Tiiiz il & M2 A 4
RHINER A, GnE 12 Fes, IR 5

Table 4 Properties of Cetex PAEK series thermoplastic composites

SRR

Glass transition temperature/°C

Typical processing temperature/°C

0°/90° Tensile—~ASTM D3039

Tensile strength (0°/90° ) /MPa

Tensile modulus ( 0° /90° )/GPa

In plane shear-ASTM D3518

Strength/MPa

Modulus/GPa

TC1200 PEEK | TC1220 PEEK

Compression (0° /90° ) ~ASTM D6641 = =

Strength/MPa

Modulus/GPa

Flexural strength ( 90°) ~ASTM D790/MPa

Open-hole compression strength-ASTM D6484/MPa

Compression after impact strength-ASTM D7136-7137/MPa

143 143
370~400 370~400
2280/86 2400/85
130/10 145/10

152 150

5.2 5.2

1300 (0° ) 1300 (0° )
124 (0° ) 124 (0° )

152 160

320 320

265 345

T 1A REM AL B PPRLR AR R LRI ET 2k, AR T 0 K 34%.

(a) AHZhoR s T 2

TC1225 PAEK TC1320 PEKK
147 159
320~380 370~400
2410/86 2300/87.5
135/10 139/10.5
42 145
43 5.2
1300 (0° ) 1400/208 ( 0° /90° )
124 (0° ) 124/11.2 (0°/90° )
152 152
310 332
310 305

Bl XABEHIZHER A
EtRRRBEEE SR EER
Fig.11 Thermoplastic upper spar manufactured by advanced fiber
placement for an aircraft engine pylon
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E12 TenCate’A BRI HIHICF/LM
PEKK#IEME S &4 HHINE 5
Fig.12 CF/LM PEKK thermoplastic
composite rib manufactured by TenCate
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UNEOREEy ( I y A) Ri a
BSAE T 22 9 B A A P HE 1]
FERIPIAE BR T 2, SR i T 2540
AR EE e AR R RE [ fE T2,
TR L2 4% | HEAR AL
[EREVE R TAPAS 2 1 HBF5E N
%%, Fokker AR FF & T —FhER X 4
R e RS B SRR (0 W N R E 5 N
LA Gulfstream G650 J5HL5R#
B, i 13 froR U i REM 5 R B
AR R, N R T AT
St o A e [ A0 B R B HE L,
JE R Solvay /3wl ) CF/PEKK
PR IR TR R, AL REAR A
WA B 5T T AL 5e 0 0°/90°/45°
B2 T 25 AT Yk 1) AFP il
AR R I 25 1 2T 2 5 %) 1
Ry YR T & T —Fh R
HIERERAR R IR A S V) £F 4k 13
I 1 T 3% G 2T Y SEARUZ A AR
M f 2 4%, S5 A HLER N B sl JR 24
AR, iE—BRAR T s A . T
e (R, ok T R
FL, BRI 29 7 S5 4 9% FH R e
B %% 1, [RIERE ek A 1 &6 44 3 o, (9%

(c) HBhfREE

Thermoplastic pre-forms

are co-consolidated to skin
Tay-up during skin
consolidation

BB BEAR LU AL 58 52 6 b IR A [
%% 20%, Jik 24 10%.

[ A A R 3 5 R ) 36 T A,
Clean Sky A= 25U /s HLAHL B 1H]
M R FH S 3 2 A ) P O SR
A K CFIPEEK #5461l CFIPEKK
S HEE% CF/IPEEK f C BIFESR I,
Wl 14 PR iziE i 2 3
ALY RS , 515 G LR
B Ay A T TN FUBRAIE , UE S
BRI T &

Fokker 23 F]2K I Solvay 23wl ()
APC™ (PEKK-FC)/ASAD , £l 4 |
SR Tk e ) i 32 b T RAHLAKF
HIRR M, i 15 s Bl

1€ PEEK . PEKK U 441
BHE ARSI Z b, e — 238 1 A 3
Akl T2 ) HsR , Tencate 23wk
T TC1225 k4 fl i i PAEK #4
PETIR B, R AR R A )
TR T2 A AR R L
B 5 O] I8 B A R T R A
GRS BT AR A
MESE 2B T B3kl T 2n]
s

Injection=—=—Cap

Material:carbon
uni-directional tape

(d) SREEER

E13 FokkerA Bff % BICF/IPEKK B4 8 A # RIHL & B4R
Fig.13 CF/PEKK thermoplastic composite fuselage panel manufactured by Fokker

REAET %S S#El

R Polyimide, P1) il
T St R I — SR P TR AR
BEERXT PIAE I G SR 52 5 41 K}
—H MRS . T ARR PIE
AR Z A A P PR A
J% 110 A oS L X o o i L, BR A
TERE—2 A", b R A
25 ZE R 2 B M R A R B
Wi, REEREY 1 ( Polyetherimide,
PEI) £ RAL N F 3z 872 56
o PEIBEREIRIF PI A& FIOL S 1
fiE , SR SR FH — e AR A S Ak 174 7Y
Ty T, kR ARG LT
R

(1) LSt ERE. PEIZE
f 7 R R W, K RE DN 340~400°C, #4
AR ) 200°C

(2) LSRR . SE1E GE 2

El14 BEKAEEEABES SR
LSBT
Fig.14 Thermoplastic composite airframe
panel manufactured by ultrasonic spot welding

E15 Fokker/w] HliE I CF/PEKKHER &
EEMHCHKEREE
Fig.15 CF/PEKK thermoplastic composite
aircraft horizontal tail manufactured by Fokker
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Al H TS Ultem PEL, HA& 9=
i BHEAME A REIA 31 UL-94 V-0 ¢,
W PR AR FE Bt s, AT a8 47%, KR e st
M5 %5 AR, A B AR

(3) R AR R k. Y
W A%, RS B AR N 1N, AR g
TR LRI R BN, TR AS PR R AT

(4) BRI iyt 4 BE R RE , T fb 2
20 i K ff v o

T PEI B LA B MEREIC#, 45
AL AT T, A A R Y

S FH T TR BE AR N R
BRI RS LA, BT,
[ 40N 3 2 1 PEL & A M KN
Tencate 271 Cetex TC1000, H: /)
PERE IR 5 s U H A W A
n 6 from 31,

Fokker 2 w] % F TenCate 2%
#] Cetex CF/PEI i & K}, il @& T
Gulfstream 550 Fl1 G650 "KL )2
SEFA R IR RENT, anfEl 16 s s

fEE Y Xperion 24 b K FH 144

&5 Cetex TC1000 PEIIBME S A1 Stk aE
Table 5 Mechanical properties of Cetex TC1000 PEI thermoplastic composites

Property Condition
Tensile strength ( 0° ) /MPa RTD
Tensile modulus ( 0° ) /GPa RTD
Compressive strength ( 0° ) /MPa RTD
Compressive modulus ( 0° ) /GPa RTD
Flexural strength ( 0° ) /MPa RTD
Flexural modulus ( 0° ) /GPa RTD

Test Method Result
ISA 527 (type 3)
EN 2747 (1I1) 451
ISA 527 (type 3)
EN 2747 (111 ) A
ASTM D 6641
EN 2850 el
ASTM D 6641 29
EN 2850
1SO 178 650
1SO 178 26

TF: SR 7781 BYRGLT AdBeir ) , 47 4 i 5 )% Sl 296g/m’ .

6 PEIEAWRIEENRANEKER
Table 6 Applications of PEI composites on main aircraft types and positions

KL
G650
G450, G550, G650
Dornier 328
Gulfstream V
Gulfstream 1V
Fokker 50, Fokker 100
A320
A330., A340
A380

Wi 787

100 Rzl He A - 202145 5644 5 1610]

i AL
7 e B THEAENLIL IS 2% 1l
J7 e J5 S R JIREEERR
(e VN INTL

Mot IR TEAR T7 A LR %

IrAEN KB
st
A s T b
HLR
BB
i

B B T2, Wl T 28 % A330/
A340 KL EE PN 0] RE AR A AT 4
WK 17 iR . sk A CF/
PEI IR G MR, BAERE S
4 1 E 29 50% , AR [ 2
21%.

T BRATLIE 75 5 b 8 R 38 A
ICUE 9 5 i M 48 A, i BREAR A B PL
WS AEE Y K AL R I R Y [+
I, % sl AL A6 45 4 B R e R
FEAWT & T & o o R R
— P EEE AR R mE oA
HH D REME M &2 A bR i e e
JZ45 ), TenCate A JT A /) CF/
PEI # M2 &M RHZMR, 1ER &
Bl ML AR S R MR e e T 2
Fa T AR, L 7E %S % A380 K ALK B
ML E SRk Ak B L 4n & 18 B

— 19
s

E16 FokkeraRIfHIFICF/PEIFAZE
EGMBIENAREER
Fig.16 CF/PEI thermoplastic
composite pressure bulkhead floor panel
manufactured by Fokker
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E17 Xperion/A T HIFICF/PEIFZE 14
SE&HRF
Fig.17 CF/PEI thermoplastic composite clip
manufactured by Xperion
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(a) kL

(b) R BHLA AR A T4

18  Airbus A380 XA BNl IGABPENR = F1
ARBUE S EEE N
Fig.18 Honeycomb sandwich thermoplastic
composites for noise reduction liners of
Airbus A380 aircraft engine nacelles
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Applications of High Performance Thermoplastic Composites in

Civil Aviation

LUO Yunfeng', YAO Jianan®

(1. AVIC Composite Co., Ltd., Beijing 101300, China;
2. State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Materials Science and
Engineering, Donghua University, Shanghai 201620, China)

[ABSTRACT] The amount of high-performance composite materials, especially carbon fiber-reinforced resin-based
composite materials, has become an important indicator of the advancement of civil aircraft. Among them, thermoplastic

composites have attracted extensive attention in the field of civil aviation due to their outstanding toughness, recyclability

and rapid low-cost manufacturing advantages over thermosetting composites, and have achieved significant application
effects in recent years. This article reviews the application of thermoplastic composite materials based on high-performance
thermoplastic resins such as polyphenylene sulfide, poly aryl ether ketone, and polyetherimide in foreign civil aviation
structures, and provides a reference for the application direction of thermoplastic composite materials in China.

Keywords: Thermoplastic composite; Civil aviation; Polyphenylene sulfide(PPS); Poly aryl ether ketone(PAEK);

Polyetherimide(PEI)
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Fig.1 Comparisons between XRD patterns and PDF cards of ANb,Oq
( A=Ca, Mg, Co, Ni ) niobates ceramics

1 ANbO; (A=Ca, Mg, Co, Ni ) BUEBRERENREEL. R, ERFENNZE
Table 1 Lattice parameters, volume, theoretical density, and relatively density of ANb,Og
( A=Ca, Mg, Co, Ni ) niobates ceramics

ANb,O,

CaNb,0,
MgNDb,Oq
CoNb,0,
NiNb,0,

AR AL | RREEEL | R AR R S B
alA b /A c/A VIA® D:/(g-ecm?®) | pul%
14.926 5.752 5.204 446.79 4.700 92
14.188 5.700 5.033 407.03 4,994 96
14.148 5.712 5.045 407.70 5.551 97
14.032 5.687 5.033 401.63 5.630 92

%2 ANDO; (A=Ca, Mg, Co, Ni ) BURES RN BMEE . HRE. FHIKES.
BYIE S TR
Table 2 Hardness, elastic modulus ( E, G, B) and mean acoustic velocity of
ANb,O; ( A=Ca, Mg, Co, Ni ) niobates ceramics

AND,O,

CaNb,0,
MgNb,O4
CoNb,0,

NiNb,0,

AR RE
HV /GPa

6.9+0.7
55+04
41+04

35+05

At
B/GPa

102.8 £6.9
136.3+0
124.7+0

106.1+£0.9

T FCAR
E/GPa

143.7+1.6

1842+ 0

158.5+0

107.2+£15

By R
G/GPa

56.7+0
723+0
61.5+0

40.2+0.7

P
Vy/(m-s™)

4073.1
4322.4
3785.4

3121.3
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Fig.5 Surface microstructures of ANb,Og
( A=Ca, Mg, Co, Ni ) niobates ceramics
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Fig.6 Thermal expansion performance of ANb,O, ( A = Ca, Mg, Co, Ni ) niobates ceramics
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20214555 645 55 160] - LA 107



L

SPECIAL TOPIC

~ 21 o CaNb,0,

” MgNb,0;

Ky » CoNb,O, #

£ 1.OF 4 NiNb,O, :

= 08F F

] »

.= »

-

3 06F

5

4l , '
1000 1100 1200

Temperature/ C
(a) PR

T 360
2
= 35| @ CaNb,O, »
£ 2“[ » MgNb,Os
¥ » CoNb,O, y
= 28 * NiNb,O,
“:_E » i
S 24f
=] »
£
5 20F o
|
£
ﬁ 1.6p L 1 1
' 1000 1100 1200
Temperature/ C
(b) A%

B8 #AEFEEIAND,O, (A=Ca, Mg, Co, Ni ) ZIEESEFIZMFAZMR ( 1000~1200C )
Fig.8 Fitting thermal properties of ANb,O, ( A = Ca, Mg, Co, Ni )
ceramics ( 1000-1200°C )

25~900°C. ) i 5 k&5 1 - v T /N o
M4 8 (b) AT, 7E & ( 1200°C)
TS A R AR TR 159w/
(m-K), HEALTF La,Zr,0, (2.524W/
(m-K)) F17YSZ (2.289W/(m-K))
SRRk, T 5 YTaO, (L5W/(m-K))
oy U FEFE R LA IE W]
FEL AT B R Al RS B
THATHE T, 5 TAEfL R o R 2
I AN 7] 28 50 G 08 Bk 5 118 5 DA 1T -
AT RN, ha(15) (16 )
AL R R BT A T A
AR |, ] o (15 ) A 16 ) it
%:ﬁgfiu [10,14,17-18,38-39] , k ﬂ‘ji+%:tlj7TEE/‘J
PR PN E G AR TR
Y AmBRESIMERN R, CH
T SRR I B R, vy BF
PIFEE, o Y HUREL

k:%cvw (15)

1=3a/V,, (16)

Bl 7 (d) B3 A
| (0.34~1.63nm, 25~900°C) Fifi % &
JFE () T e T R AT, LR IR B 1 A5 1k
FEPY R BT R I
FA e 75 1 2 3 i #£(0.34nm,
900°C. ) it MgNb,O, IRl i HLAT F A A
PGE(1.6 W/ (m-K),900°C ), H1 1t
CIRIN v p SN2 3 Sy e e
YA MRBRRE W PR
Ff 2 7 B A A I AR AR R A

108 Wizl A - 202146 5642 5 1610]

2L R E AR R 22 )R
FL it F A 1 TR AR T, BT
AN e S e W P 2 (3 B o S
TR 235 58 S 7 Il 35 A Ry T e e
T A 8 250 i e AR, [T AL AN
SO RN A I IRELS TR UR/ASV
XPILHEA B IE , R T 075 () U
AR AR O R
ANDb,O; (Ca, Mg, Co, Ni ) BIFfRER
W) T 1) A 3 R B IR E 1) T v AN B
R X R T TR IR R R
TRLE 1 T R AN T R 30T o

Zig

T Ao v Yk A 3 1 15 2 80
() LA 1E A8 A 45 44 1Y AND,O, ( A=
Ca, Mg, Co, Ni) R IR EL M %, &
IR 2 () A5 PBCN, BU% R
92%~97%., i 1 414 HL - 2 G UL
S RTHHOWIE A, & BLITR oy ftkr
JSF/T 30pum (B NiNb,Og #h), G
B B SFLANZEL, AND,O F %1
W RE i > 3.5~6.9GPa, [f] I 1% [G 4
1A 100~180GPa, H:H MgNb,0O, E
A KGRy 184.2GPa. it
A, ANb,O, 7 Fi %5 i 4 R b 4 1R
B 1 T v i B AT, AR R Y B AR
A% 1.59W/ (m - K) (1200°C), H.H
A I K R (9.1 x 107K,
1200°C ), P11 BE % A7 2506k /)N #4 s e
SRR R B R SREE 2 Z R A

fERK R BL . T SRMEEEIT S
220 T 36 0 AND,O, 78 Fi 25 2 W 7
HFABEY R IZ R 8L

& % X #

[1] LI Q, SONG P, LU K, et al. Fracture
behaviour of ceramic-metallic glass gradient
transition coating[J]. Ceramics International,
2019, 45(5): 5566-5576.

[2] MERCER C, WILLIAMS J R,
CLARKE D R, et al. On a ferroelastic mechanism
governing the toughness of metastable tetragonal-
prime(t') yttria-stabilized zirconia[J].
Proceedings of the Royal Society A, 2007,
463(2081): 393-408.

[3] CLARKE D R, PHILLPOT S R.
Thermal barrier coating materials[J]. Materials
Today, 2005, 8(6): 22-29.

[4] PADTURE N P, GELL M, JORDAN
E H. Thermal barrier coatings for gas-
turbine engine applications[J]. Science, 2002,
296(5566): 280-284.

[5] WINTER M R, CLARKE D R.
Thermal conductivity of yttria-stabilized
zirconia-hafnia solid solutions[J]. Acta
Materialia, 2006, 54(19): 5051-5059.

[6] sk, 5. LR ERRE, TaO, Al
RETa,0, M % #— 1 # MR W ST il R [J]. BAR
FARFH %, 2019, 40(6): 369-399.

CHEN Lin, FENG Jing. Research
progress of thermo-mechanical properties of
rare earth tantalates RE,;TaO,; and RETa,0,
ceramics[J]. Advanced Ceramics, 2019,
40(6): 369-399.

[71 FENG J, XIAO B, QU Z X, et al.
Mechanical properties of rare earth stannate
pyrochlores[J]. Applied Physics Letters, 2011,
99(20): 201909.

[8] MEGUID S A. Mechanics and
mechanisms of toughening of advanced
ceramics[J]. Journal of Materials Processing
Technology, 1996, 56(1): 978-989.

[O] Ze&dE, RARAR, 1. AR
ERTERRFR R Z T RS N (3] s i i
iR, 2019, 62(3): 20-31.

ZONG Ruofei, WU Fushuo, FENG lJing.
Research and application of rare earth tantalate
ceramics for thermal barrier coatings[J].
Aeronautical Manufacturing Technology, 2019,
62(3): 20-31.

[10] WUF S, WU P, ZHOU Y X, et al.
The thermo-mechanical properties and ferroelastic



High-End New Material %ﬁ#ﬁﬂﬂ

phase transition of RENbO,(RE=Y, La, Nb, Sm,
Gd, Dy, Yb) ceramics[J]. Journal of the American
Ceramic Society, 2019, 103(4): 1-14.

[11] CHEN L, FENG J. Features of
crystal structures and thermo-mechanical
properties of weberites RE;NbO; (RE=La,
Nd, Sm, Eu, Gd) ceramics[J]. Journal of the
American Ceramic Society, 2020, 104(1): 1-9.

[12] ZHAO M, PAN W. Thermo-
mechanical properties of ThO,-doped Y,0,
stabilized ZrO, for thermal barrier coatings[J].
Ceramics International, 2015, 42(1): 501-508.

[13] BAHk, VER, 5. f T EERERRE
IR TR 2 W 5T R 3], H R R S
2017, 36(12): 938-949.

CHEN Lin, WANG Jun, FENG lJing.
Research progress of rare earth tantalate
ceramics as thermal barrier coatings[J].
Materials China, 2017, 36(12): 933-949.

[14] TIANZL,ZHENG LY, LI ZH, et
al. Exploration of the low thermal conductivities
of y-Y,Si,0,, B-Y,Si,0;, p-Yb,Si,0;, and
B-Lu,Si,0, as novel environmental barrier
coating candidates[J]. Journal of the European
Ceramic Society, 2016, 36(11): 2813-2823.

[15] BRAGINSKY L, SHKLOVER V,
HOFMANN H, et al. High-temperature thermal
conductivity of porous Al,O, nanostructures[J].
Physical Review B, 2004(70): 134201.

[16] KENNEDY B J, HUNTER B A,
HOWARD C J. Structural and bonding trends in
tin pyrochlore oxides[J]. Journal of Solid State
Chemistry, 1997, 130: 58-65.

[17] CHEN L, JIANG Y H, FENG J.
Synthesis and thermophysical properties of
RETa,0, (RE = Ce, Nd, Sm, Eu, Gd, Dy, Er)
as promising thermal barrier coatings[J]. Journal
of the American Ceramic Society, 2018, 101:
1266-1278.

[18] KLEMENS P G. The scatting
of low-frequency lattice waves by static
imperfections[J]. Proceedings of the Physical
Society Section A, 1955, 68: 1113-1128.

[19] VLA, Gl skoNEE, 45 PR SE
55 MR R BRI I U 2 e BUIRWF 52 3],
fizs iR AR, 2020, 63(14): 48-64.

JIANG Zhou, NI Jianyang, ZHANG
Xiaofeng, et al. Research progress of ceramic
matrix composites and their environmental
barrier coatings[J]. Aeronautical Manufacturing
Technology, 2020, 63(14): 48-64.

[20] CHEN L, FENG J. Influence of
HfO, alloying effect on microstructure and

thermal conductivity of HoTaO, ceramics[J].
Journal of Advanced Ceramics, 2019, 8(4):
537-544.

[21] VON DREELE R B. Small-angle
scattering data analysis inGSAS-I1[J]. Journal
of Applied Crystallography, 2014, 47(5): 1784-
1789.

[22] GRACA M P F, PEIXOTO MV,
FERREIRA N, et al. Optical and dielectric
behaviour of EuUNbO, crystals[J]. Journal of
Materials Chemistry, 2013, 1(16): 2913.

[23] KIM D W, KWON D K, YOON S H,
et al. Microwave dielectric properties of rare-
earth ortho-niobates with ferroelasticity[J].
Journal of the American Ceramic Society, 2006,
89(12): 3861-3864.

[24] MCCUSKER L B, VON DREELE
R B, COX D E, et al. Rietveld refinement
guidelines[J]. Journal of Applied
Crystallography, 1999, 32: 36-50.

[25] YANG J, WAN C L, PAN W. et
al. Effecting blocking of radiative thermal
conductivity in La,Zr,0,/LaPO, composites
for high temperature thermal insulation
applications[J]. Journal of the European Ceramic
Society, 2016(36): 3809-3814.

[26] CHEN L, SONG P, FENG J.
Influence of ZrO, alloying effect on the
thermophysical properties of fluorite-type
Eu,TaO, ceramics[J]. Scripta Materialia,
2018(152): 117-121.

[27] CALLAWAY J, BAEYER H C.
Effect of point imperfection on lattice thermal
conductivity[J]. Physical Review, 1960, 120(4):
1149-1154.

[28] SIQUEIRA K P F, MOREIRA R
L, DIAS A. Synthesis and crystal structure of
lanthanide orthoniobates studied by vibrational
spectroscopy[J]. Chemistry of Materials, 2010,
22(8): 2668-2674.

[29] BLASSE G. Vibrational spectra of
yttrium niobate and tantalite[J]. Journal of Solid
State Chemistry, 1973, 7: 169-171.

[30] 2%, WRAR, IMRIAT Sl k)
HUBT R AR RIS R[], s TR e,
2020, 11(3): 308-315.

PENG Rui, CHANG Zhendong, SUN
Lili. Research status of thermal barrier coatings
in aero-engine appllication[J]. Advances in
Aeronautical Science and Engineering, 2020,
11(3): 308-315.

[31] MENG G H, ZHANG B Y, LIU
H, et al. Vacuum heat treatment mechanisms

Promoting the adhesion strength of thermally
sprayed metallic coatings[J]. Surface Coat
Technology, 2018, 344: 102-110.

[32] MIELEWCZYK-GRYN A,
NAVROTSKY A. Enthalpies of formation of
rare earth niobates, RE;NbO;,[J]. American
Mineralogist, 2015, 100: 1578-1583.

[33] POULSEN F W, GLERUP M,
HOLTAPPELS P. Structure, Raman spectra
and defect chemistry modelling of conductive
pyrochlore oxides[J]. Solid State lonics, 2000,
135: 595-602.

[34] RAMARAO S D, MURTHY V R K.
Structural phase transformation and microwave
dielectric studies of SmNb,_, (Si;,Mo0,,,) 0,
compounds with fergusonite structure[J].
Physical Chemistry Chemical Physics, 2015,
17(19): 12623-12633.

[35] BAUFELD B, MESSERSCHMIDT
U, FOITZIK AH, et al. Ferroelasticity of t'-
Zirconia: |, high-voltage electron microscopy
studies of the microstructure in polydomain
tetragonal zirconia[J]. Journal of the American
Ceramic Society, 1997, 80(7): 1671-1691.

[36] HINATSU Y, DOI Y. Studies on
phase transition temperature of rare-earth
niobates Ln;NbO; (Ln= Pr, Sm, Eu) with
orthorhombic fluorite-related structure[J]. Solid
State Society, 2017, 68: 19-24.

[37] ZHOU Y X, FENG J. Thermal
properties of Y, ,MgxTaO,_,, ceramics via
anion sublattice adjustment[J]. Rare Metals,
2019, 29: 1-10.

[38] WANG R G, PAN W, CHEN J, et al.
Properties and microstructure of machinable of
Al,0,/LaPO, ceramic composites[J]. Ceramic
International, 2003, 29(1): 19-25.

[39] MEEWBE, FIE, A A AL
R PR 2 T G SRR A R R 0]
fiias il AR, 2017, 60(15): 28-34.

CHENG Yuxian, WANG Lu, YUAN Fuhe.
Key technologies and problems of thermal
barrier coating application on aeroengine turbine
vane and blade[J]. Aeronautical Manufacturing
Technology, 2017, 60(15): 28-34.

[40] MCCUSKER L B, VON DREELE
R B, COX D E, et al. Rietveld refinement
guidelines[J]. Journal of Applied
Crystallography, 1999, 32: 36-50.

WRAESE : Wik, W1, E2A G A iR
AR IR .

20214E 5564 5 55 1610 - i MIERA 109



Hyi
#‘% & special Topic

Synthesis and Thermal/Mechanical Properties Investigations of
ANDb,O, (A=Ca, Mg, Co, Ni) Ceramics

LI Baihui*, LUO Keren', ZHANG Heying", CHEN Lin*, ZHANG Zhibin’ , CHONG Xiaoyu",

LIANG Xiubing?, FENG Jing'
(1. Kunming University of Science and Technology, Kunming 650093, China;
2. National Defense Science and Technology Innovation Research Institute, PLA Academy of Military Sciences,
Beijing 100071, China)

[ABSTRACT] Thermal barrier coatings (TBCs) have good thermal insulation to protect the high-temperature
components of aircraft engine, gas turbine and supersonic aircraft, et al. TBCs are applied to prolong the lifetime and
increase the operation temperature of high-temperature components. Low thermal conductivity, high thermal expansion
coefficients, comparatively low Young’s modulus and high hardness are required by TBCs. In this work, ANb,O, (A=Ca,
Mg, Co, Ni) ceramics are synthesized by a solid-state reaction, and their crystal structures, hardness, Young’s modulus,
thermal conductivity and thermal expansion coefficients (TECs) are systematically studied. The maximum value of
hardness reaches 7.8GPa, and their Young’s modulus are relatively low (100-180GPa). The lowest thermal conductivity
reaches 1.59W/(m-K) (1200°C), and the highest TECs is 9.1x10° K™*(1200°C). The excellent thermal/mechanical properties
pronounce that ANb,O, ceramics are potential TBCs smaterials.

Keywords: Thermal barrier coatings(TBCs); Niobates; Ceramics; Mechanical properties; Thermal conductivity;

Thermal expansion coefficients(TECS)
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Research on Monitoring Test of Milling Tool for Aero-Engine Blade Based on
Power Information

QIAO Shi*, LIU Kuo', DU Shubo?, WANG Pengfei*, WANG Yonggqing*

(1. Dalian University of Technology, Dalian 116024, China;
2. AECC Guizhou Liyang Aviation Power Co., Ltd., Guiyang 550000, China)

[ABSTRACT] In view of the problems in the milling process of aero-engine blade, such as tool status is not easy to be
observed and tool change depends on experience, a tool condition monitoring system is developed by using the tool status
monitoring method based on power information. In the process of machining, the power signal of machine tool spindle
is collected by three-phase power sensor in real time, and the signal data is filtered, analyzed and learned off-line, and
the power threshold interval is calculated. The power threshold interval is used as the monitoring standard to realize the
monitoring of tool machining process and the prediction of tool life. The milling process of aero-engine compressor blade
is taken as the research object, and the tool condition monitoring test is carried out. The results show that through the tool
condition monitoring method based on power information, the real-time monitoring of the machining condition for aero-
engine blade milling tool and the prediction of the remaining life of the tool can be realized.

Keywords: Aero-engine blade; Spindle power; Off-line learning; Tool condition monitoring; Tool life prediction
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