PR .
—— ¥ oru

FeREE SRR H Bhali 22 B

VT RERE T, AR, BR

W

(1. ®Z 38 K5, \% 710049;

WX B BRER'

2. R AR EAURA TRFTAE N3], 472 071000 )

K EY

KA A TS EMEMERAR) Z R A, LM A MARRLE T LRARE S X WEE

HHR B 4022 5K 5 ML B SR L E R AT i 8 S48 L LT A A S 42 CADICAM A RS TFA 4 4
FTENLT BB NI AL ARGFR AR, t—FELETEARNAHHL LSRRI P AL — 58,
SRHT B 8 LR G RN R S A A

KGR : AR EIGREAMH; ALK IRFA; ML T2 CAD/ICAM

DOI:10.16080/j.issn1671-833x.2018.07.054

H/ME

Ht NERHEEHHANHL
IZE5R&EMRI0RE, FEHAFLS
&/ EBHLRE RERAEF 20
RO, EERMZRTY ERRFARIL
3 10 5k7F, SCI #% 6 &,

* BETE: e @ AR 55 9% L 1
Ve 4 ¥R B I H(XJ12017160 ) 5 [ 5“5 #%
B LR 5 B nl ] 1 e &7 B4 R L T
(20172X04009001 ) ; [E % 2 25k 2 Rl 95t A
(2016YFB1100900 ).,

54 WissREEEA - 20184 615 55710

St AR R B BT — 1R K
TCHLIY ARG R R} AR T RBL Y
2 R, FH AN 8 8 1R A e RAL
S SCHE R AR — P
787 %% A350 SR AL E A
BHHE T 20353 50% UL -, HAEHL
B ML G CHEZEMIR T E &K
AT . FEE LA RAML, AL
b {52 AR R B e R
PRI K, AR 2 T
il 1 KA 2 5 A MR 1 1 3
225 ARAT T & IR LT
AR R . H i H R e T 4F
YGRS S A IR b AR
o T TR A TR BRI T
i A B RHEAE , T FLRES =
355 b i 3 AR 2 R T A R
1, ST A MRS Y “IRAR
=R - B N N @ O ES S P N E
22 F AR BT BURIEA T A2, 437
F 3h il 22 F5 R 75 2 & RN S ik
A i AR TR [ sl 22 BoR
B K,

AEh i 2Z AR B 20 7E
] AL 25 R TR AR T R T
FENEHT, Pt 1 FE AT 2SR AT Y
ER#EL . NS ZERNRE, A
BB Z AR WA TR A,
HP Y 22 A8 3 R AE IR Y 8 ) F EEAIL
ar N3 A shii 2Pl E 2 i T
LR SRR BROTAE 2 R
HLRE A A 3] A2 7 i, B O s
FLR R = AT i) A 35 A R AR AR SR
Al P ARAF R E T A B2
HORBY R M, W BB A%
il A R TR A 25 i 22 40
S, A5 EENFERIT5 1% I N H]
PARFEZITHIRABITE o

B shii £ L 5 it

N T RN R A R 2R A g
A PR R A S Ak i, FE A
MEHIF AR E 2T R T 22k
A Bhil 225 & . BEE 1 Sl 222
AN W A R, X A —
FI Bl 22 3k B BE 58 B A I B TR A4



Key Technologies of Large Aircraft *_&m%%ﬁﬁ

EXe University of Delaware ZA R
WL PO % T Automated Materials
Placement ( AMP ) &%, & 5% H
B A A R AL i, A 200
fE, RE 8 X P [ M PO | A7 [
b5 — RFIAR T 2R ER R
A MEWERLETT A Shisom T,
Sorrentino 25 ¥ JF & T —Fp3LTF Tl
PLas NS G AR R B ShATi
G, Refs SR R 5 R
1) SR A0 T S
AR TG

BEXT E Bl Al 22 3k 2 B oin Bk
JE Bk | oY U0 AE BRI RE, Y
N B A PAATLAS) 2 i 25 Dy T Je TTF
3%, Oldani &F B 4 1 T —MRER 1k
TR R 245 HUIE G0 T 1= 22 Al )2 2ok
ETIMINR G, AR GEX A X 5
B BE A TAS I , AR Al ASHI 45 SRx v
HBE BTSSR T RO IR
FEWT, 5 shie A%<, R IR 1 30
Bl 22 S AE T AR AR b A B
PR, (] s TR A A 23 5 i il 22
S th HABZRAT . Calawa 55 ¥ ST
TR R LAY 2 B M AR 22 Al
JZ I, R DB ) 3 B 3 03 A1 LA e
) By, A R R WTE =
(> 50.8m/min ) FHHCIN T T, £04p
TRk B RS B DR A BN A Al It
22 U2 I IR, SRR 2y
8229C. H Bl 22k Hy 2L A Ak
PEEWE 1 PR TR, Bk
RGAPOCINASEH AR BA S8R
FERVRE R AR B AR F Sh T T
AR T

A WE 9T T P T B AL
4, HLAR T i B R T R
TERY S 2 52 & MERHE 1, B A% 4 1t
400~2800N FY T 51, 38 FH T HL 15
JE AL RSB S G AR A AR
[E6] 11 52 5 o R R B 45 22 o T 2
ZAF P, Steeg 5 7 X e ME AR
ARHEAT T HEGE, BRI T T )
MRV RS, 0 Hr TR B 51 5otk
ot T ke 1) AR ) e £ g 22 % i

B 2 () R B 5 B 2], IR RH T
SR F VTR B T 08Nl 2 ff B
2. Mischler %™ &8 T £ J 50
FER BN R B 2R R A
2, B R F RE RS T b it
T8 T AR T AR il 2R A T AR
M2 G MR 1, SR 22 PR R AR
ERIANIE 2 PR

Tingley[g] KT — iR 22 )
IR AEH % R GR AR ML BR
S E KA, B G R SR
PR A5, RE 8 T o U R R
X P15 22 BB RS B i 3% . Hamlyn
S O R —Fh AR BT D) RN R ) BE
R A ) P00 22 R B IR , iZ LR
B RAAE R S e i R g, 76 7] B
] T~ VI i 22 oA (] s, St 2
2 U)W TR 22 ] Je R D g, B
AEH R, IIERT SRR . Tzco
SR IE T R A A A Ak
BHEEAE B Sl o T 78 v i i
12 2 i ik YY) R E A ), I

| e———
i >

& «s—

B B3shfLkaiimirg
Fig.1 Infrared heating system of AFP heat

B2 HIhMLEZRM
Compacting roller of AFP head

Fig.2

P T R ROT SR T R L A B
il 2238 B 1] 1K 85m/min., Devlieg 55 '
I Oldani %5 " MHLARES #4131 Al
IR i) RGBSR AF T WIS T “On-
the—fly” =3 | S RERE BT U RS, il it
XF BTN R AL , i 1 BT D)
FIRIIR, KRS 1 sl 22 i

H1 B3RS A AT, AT A sl
LHHAT TREAALFIR AR ST
HHAEE T A bz T
PP RS i1V & ST e AR
Wl FR, A A s 22 kit
(NS A i e 20
20 BTN 22 3 A 1 — M ) 52U
223 (TPl A3 A shif 220 ) A
FEAR R B B 22 kO THLUR K A
hETLZHL) (WE 3 fis ), H T4
FEPE R MR TARRORIRAS S bR
TGS, AEAE U L 52 BR S AR
BRI T2 MR Tl R 1Y
G275 AR B 254 J5 28 N2

(b) Jel 1A S22 Hl
E3 ARXBRFFLZIEINFELIN
Fig.3 AFP machine by Xi’ an Jiaotong
University

20184E 561 &7 - RIS EIAR S5



PR .
—— ¥ oru

9 BE BT TN H S 22 Sk b i 5
YI L H 2% AR AN 21T T
WF5E, IF4R 0 T 22 il S T8 3))
FEGN 0 J7 3, LT A B 22 AR
1A R s T A 5T
SRR B A LR A I ek
AR XS AE B Bl 22 g it L A
H Bl S S5 H T A Bl 22 Sk 2
FrAEER R AT 1 AT, JF
B0k 203 R X LA 25 4 1) 5 W) i
T RTS8 A8 A SIS 1
TS AR A R T, F sl
T RGeS B Ak

HAT, 2 H Coriolis AR HIAY
i 22 3k T A Sl AR e A
FT 27 4k, 2 4R N7 i A
Y, e —LZH. PUPEA Mtorres
YNEIE (R XS I S R U e
g2z, EE Electrolmpact i
HJF AT B S R 22k, 2
T m UTHI B I b v B 3
JI 31 6E— A, GO T AT LAAR 4
2, AN [R] 0  22 Sk PR B 4, U
ANHOREIE ], B2 S A ORCR . E R
Ingersoll 28 R WFH B4 22 3k 5 2046
K2 B iR S 4 TR N AR
B8 22 S i HE B 1 (] I e 2 3k
AAATRM H i B S5 TR R M
PR B O

A2 H 62D )7 AR, A Zh
iz gl oy N B RE R (R
Fa=) Aok E 205 B 2 D
PIRZE, N E LR — AR 2D AR Tl
22 BRI B X TR 22 R4
VEHEREE h Bl 22 3k v, UG TR 2201
TG G RTBEISER , Pl 22 oS, 7k
JIHE T ORI B, DA S IR
Ak B U] IR B
W B A 22 Sk B 2R 22 07
WOE 3 R E T E R S S
BRI E T A SN R TiTE Ry )
BRI . H2EH T2H 55
22 IR — IR, B 22 K S5
K, DFR A A IR, i B Zhi
22 35 1) R R PR B e RR S 7EAR R AR

56 MisshiEEEA - 20184 615 55710

FE Fraliizlnl i, 28 E1 2wl #
B H sl 223k, DL E R Ingersoll 24
FI#) Mongoose Z51 H shii 223 Fvg
EZF Mtorres 23wl Bt 1 H 2048
22 R T MBS, BN
VY 225238 R i 4 F gl 22 3k
KT N E LS5

SN E LR — AR LD A A 22 3k
ET Al = e 51 P S K N DL TRES
WiE, HALSTE T TANEZH T
T Al 22 AR a2 3, T DASR
KRIZPFELEHE , RERE S9N T B2 1 T
B, Z TR 22 i KT
16 A A 3l 2225 %5 . (HIZAED AR
A 22 3k 22 18] 75 22 A AR E (K
P B T R 22 e ) RS, LAB
1Rl 22 A AT i S FiliR 22 1 22
(] Y AR T4, JF HLAL A o rp gy
22 AEf I LI AR R B COR
¥ Coriolis 227 F1ZE H Ingersoll o
AR Lynx RYVH22 K% AN E
A

H 3l 22 k7 A Sl 22 3 45 1
Wl AR EZE A8 S F B 22 3k 1)
B, REAF A 22k hE
A —F, BRI LFE X iR 22 o i) H
% JeRE BTY) R B / [ A
FEARTRERBNAE (BT H shfi 22k
MY LS R BETHIE A 58 35 B BT 7 i
HEATHE S R T AR F 3h il 2250
VD B B A HEA T IR AR 5387
A A SEFE T IACHU S T EE i
FEH 22 SRR, XT H sl 22k
FIPiUIE 22 i 1% 26 B (204 55 A 2
Bl 222 £ T I D RE RN OGBS A HEA T
FRGeH oA, LR T4 5 A shil
22 BRI T R RN R Oy
2,0 2 E Bl 223k R m R EE Y
IR

B iRl AR 0 7iE
10 H b2 T L5d By,
2 ah{E T LSRR 215 3)
B ARIET TR A A A S B A
TS, B A S R

PAPE AN RS BE  [R) s DA Fi 22
RS AR LA TN R 4, LA S e o
G AR B Sl 22 1 L
i

TE H 3l 22 G T 2. 2804
J5, Sorrentino 4§ e IR L: |
WAL B LU AR B DC LS I AR
I TR A R i s BHL ) PR A
RGOS 14 TR R B AR
o ARG AR TR AT R TR A
JEE N ol AR G 2% £ B2 55 S 408
N7 TR 22 OB I 5K B AR R
FPID P kS T Tl Algs A
= A BB HLITR A B 5K
Black 25 " & B T —Fhodh T = ok
H ShZF AER = R G, Bk 17X A
22 SVER LR RIS X R Gk
SR PR JBE S 5 B 12 4 o FoUIR ol o
IR R B4, Lichtenwalner™ fiff
3 TIT CMAC ( Cerebellar Model
Articulation Controller ) #£2 R 251 H
2R T R G, WS R R
FLAT A 2 2 e ) 4 48 o 28 42 il 25
M fIERE I TAE 48 PLEET4:

1 A Sl 22 B8 AR T T, Yan
S5 PR RO U B B SE T A
Bl 2 PR AR s, S T A et
TR F F 3l 22 5 F b e R R A2 1Y
KA B IE R S A
H SR AR R 22 3 2 R
(] B FIE e e LAl AT B 5 52
R R B B . Martinec 45 21
T 3 B A S PR AR T B A
YRR A Shil 22 gt JT i i
B IIE VIR SR A R

W ORI Tolb R 2 i 1 it ™) F
5% T 5T DSP 1 A shli 2 ML= &=
4i, DL DSP S HE il st hs d 1 ak )
RS, SEHL T R 22 95K
AR RIS R K AE R P
K PVRFSE T [ Bl 223 i v fiR
22 UK RN BE B 5 vk B
TR I A I R B AR B X
PID 45 I 5 | AR 45 i 7 3 2 ik
bt A AR A M Al IR HLAL Y



Key Technologies of Large Aircraft *_&m%%ﬁﬁ

Yt Oy 48, el T IR 22 K S i
il [l R R ) R BOEXT A sl
22 R IR B AT T

FI Sl 24 o B A A Ny T, 9%
ET 7 AR O Xl s kG
FE RO B IR TR LR M .
VG238 K 2E 4 — PP X ik 2T 4
2y A BT WRIR S Y FLAS SR 2,
IR FH e 1 PEIAG R ) AR AR BC
iR RR 22 R TE R, FH T AG
22 A THR RIS A ) B B
2SR KEEWEGE T e T HUR AT 4% [f)
SEEPT BT BUS 2k 1 R
S R BRI RAR, SEEL T [ B
T 2R o R 5 4 s BB TR
SEAERLER L EF AR 1 2 ml 1 A sh#G
T 11 Sy 24 s A R A B 20

H I, EA8 A s 22 & i &R
G ¥ N AE B A B Tk B &
girhr, i SIEMENS, FANUC 2%
RGBS AR G ACRD SFE LR
AT RO R IR AT E bl
IR R G0, EN TG %S E K
T KUKA.CNC F1 SIEMENS 840Ds!
ARG LN T A b2t 4 R
G, AP s w R T RO AR
GiiAT T H s s i R G & .
1 Bhl 22 8 T 4S80 6 5 3
AR BT BT B 2 R ETE
i ) B R S B2 s o A A R
FB L, xR Z2 s T A S804
BRI A 0% . R, AR
WEERS=Roiliiiteaun L O MIvae = 4
Pl sk b AT e A T ST, ARl
WG T A sl T 2 R
1) IR 22 SRl g A o A 2 i 4G
JERE AR 0 S 22 B A SRR

(b)27°C
B4 REXTRERER N

Fig.4 Pictures of viscosity of prepreg at different heating temperature

(a)23C

Ve sl o, Ik, 24
HLAIFSE [ shidi 22 T 25 vh B A fl 24 5
VEZ 3RS P 6 &, DL K WIS 22 Rk
1 AR R RN R S O T
SRR A BT EGE A 3h
22 BT AR B R Sl 22
FEERT 2 i,

BIHLIZHA

T 3 e B A A B R

5 BT B 322 T2 gl
TFIRE T K5, Croft % 7 Hf
58 1 HBhili22 T2 f s Al
Bt AR X A S MR RE 5
el o RIS 45 SR B TE T 22 R F 3
iy eun el S AN H Brdi7d Ep 0 ey
BT 27 A BEFE b AT 4 AN [F] Y 200l
TR, X0 e — IR B A i v 14 [ 1 3
Sl AT bR T R, PR RE R
TN 5%~13%, Perner 45 ™Y 5%
T PR 8 R Sl % 6 22 K5 EE
PRS2, I8 i BRI o it
167 A Bl 22 3 4 ] i A5 R A Ry
DA DR R ) Sl 22 1R B il 3k 1)
KA PPRERAT R A BRI BE
Crossley 2 P2V HFSE T W2 41 26 1
XFH S G R A (A& 4 fr
7N ), A KSR 76t R0 M B iR
JER A AL, 4 R SR B T e A il
JEE A FUIR 8 45 3k ) 286 N I R
WA R T HERCR R . Muric—
Nesic™ Fl Gutiérrez 25 P 57 1738
i e BRI 3 4 7 7 X T 22 R
B JZ AT B, RIS B R Ak
ARG ARALER, R m G AR
Fa AR5 S i . Nagelsmit 28 B fF
S8 TR Bhili 22 T2 i w4

(¢)33%C (d)39C

M SRR R 7 12, 1% 5 s
it A S 2 B R L IR R A
MR HIE , 2R R T Re s 4
2 A R R i R RE

[FIAE, 525101 | H 7 o 45 oy
S T 22454 A sl 22 Ho Rt 2
B A RORA Skl E T2t
Y P B Dilimulati, Di Pietro,
Duan SEF5% T UV [E4k 5 £F 4k
TR & 125 WG 173 J2
W L2, % LA RN E
G PPRHR T o R A CAn &l 5 f
7R ), MR [ AL — 25 58 B, TC
POERE . TR S SRR
T2 TR T AR AR R4 AR
il A L E AR
i LS RAILE A 18 5 55 40
A RS [ NN 2 | 0 Ry
BHIF 5T B 4 B T J T HL - 5[]
SRR IEE TAE, MR AL
REFE T ORUEWNE 6 . AR
GBI AT [l S AR
RESF PERBRUE SR, 455 H 322
T2 i SR AR il i AR, 2 B
T2 0 RS R T2

BT A SR 228K W GUT
BT 2RI A BRI B L AR
2L AR mE SR P A
LI K-, B sk A Bl 22 1
il SRR rERE , JF L%
RSB AR 1 (0 3 A . [y

BEl5  ZSPEELIR
Fig.5 UV-curing LED

20184E 561 &7 - BT REEIA 57



PR .
—— ¥ oru

E6 {RBERFRIE

Fig.6 Low-energy electron beam device

JOE T BR A Bh B 22 2 15 A T 9, e A
AR T 2O R LAl 8
i F B 22 T2 Bt kA vt F 3h
i 222w e RO AL , — 5 AR AR
G, SRR E A shif 22 B K
&

H3h#iZ CAD/CAM B4R 45

HAETE M 2R T A m
RN EL I K T AR A E
IRIEAT 1 ( Natural Path ) 2 F 42 H
1 H B2 Bl R B i A e
fE Tl DR TR 22 R AE R 0 AR Th A8
SN BUE 2/ €58 3 /8 E RS
BRAE” , BEAS A SRR B (B] 5 7]
G ] L A AL, 1
JZfA B BOREO TR S H 1R,
PiRIBURE ACEIE = 25 (PN =R
F ] B TR B R RCR 5 Hale
24 WO TR SRR E L 00 B L
Fait o Bt 4 il A 3 20 R 2
TR AR TR E ROR s SN
K2 Shirinzadeh 2 ¥ FE T4
LA I BB A T T T
H Sher 4R m th Rk ek
5 7E AR BUBAT [R] B FN S )2,
TERG A R 5 TR 3] T RAFRIRCR 5
i 25 2 S0 My 32 1 O XA

58 Wiss MG A - 201845 615 55710

Al 2k, 05 pRBUE SCA U A B
LRAMEAR LR B LR, HAT T AR I
FTI e SO, T L i X e A
LA A A I R AR BT AN [R] 5 B
EOp=RE gy

TEFT A TR 5T B 3R L
FESMW AT &N FITF & T ZF
HEh4 22 CAD/CAM %1 A0 d . 3
[ VERICUT A Hf¥) VCP&VCS B &
PR 2 RV O LA, SE
VISTAGY 23l FiberSIM 44, Bk
P Airbus A FIIZH CATIA CAA V5
FARFF K B TapeLay 84 P 45, X
SRR — R LA )2 AT BT
AR RN A ST AR RE , 4
K H T E G A=,

i e liOE e NI AR R
T 2R A shil 2 Pun Ak, 2=
A PR T B — I A
% 1 26 E A5 52 20 Bl i e A by
WG S 2 0 ik e Y AR 4
TS 0T T S A A e A T
T 5 I AR SCAS B 2 B 4R
PRF4E B DL S I A AR R 1 DU 4
TE M AE S H 2 B 4% )
P& T HER R 32 R 1 K/NFI T 1A
T 3 A I 2 R A 0 0 i G R A
BEAE, T 3 1 7 e R A 15 2 B
285 SE NP PR T ST 2
AT BRI Bk R E
PR T S Ak b T AR A s
22 R B s RESCERAE Y

T —Fh AR AL 2R T
Hb 2 RN S BR AT RO AR B

F T ] A 2T 4 il 22 0 R R 4
ARAFFEAS A FEMe , FLERZ FH R
TR £ T T2 25 A, TR 23 R 4]
AR IR DG B AT R AT AL T 026
R Z . ARG KR
FET B M T 2 . P38
WA RTIT R T 26 HehliZ
g M [ B 225 T T2
W BT 2T A 45, JE T CATIA P&
T H Sl 22800 R R R Ab 3
A Bk T 2R AR L R Bk
(AT AT PR B 2 S B T A S
22 CAD/CAM B RG0TF & . B 7
VLA KA H 3T & CAD/CAM
ARG E B Z R ARG
H A2 . RRTFEARWI ¢
Sk P ARG B R S A
hili 22 CAD/CAM %44,

ERNHFENREMEZRAR

W% 2 A RS 2, FIN
DI T8 R £ R 6l i T2 A
RETW R SLPRi A =T 8, H b2
AR IS X G A = T 2R R
LT, 5 BN R G MRS T
TR 22 R RHMAR R | B Shl 22256 5%
T2 CAD/CAM #ff BLH BTl
MG A, AR R EE S
A KO E— NS B, Zad
ZAEME K, ) [ shili 2t &

E7 S#IEESMEHIGBEFHLEE
Fig.7 AFP trajectories of complex surface composite



Key Technologies of Large Aircraft *_&m%%ﬁ*

SCELT TAMER AR TEEE LT
5 A7 T AT I RO TAE, W hn
PR EE [ AR A PR E T2
IR o

(1) A hil 22 4 & a5 /it
Xt A shili 221z gl KR Y IR
R, EAN A Sl 2L A5 T T
ARSRE NSNS TN =40 93t PPN
60m/min Pk o E N TFE= A5
WL 256, W A4 IR
HURIE IS5 3 80, ANRETH 2 A
Sl 22 v T RO Y BR il 22k
JE— AT 30m/min, I, 24T
FONERTIL 2R IN L AN aa A o |
FIRIFSE, BETTHE I 22 Pl RE e e
KR ER Y B S 2RSS .

(2) A Bl 22 % 8 8 Re fb 15
o N A s 223k T 2 hg
i AT SEHL S A B 22 D)Re , (H 2R
H ol il 22 3o 8 1R 7E A I, £ 45 W
Zh BRYD BRBG FURIN AR A
BbRE , TR s o TR 22 R
5K 77 RS B A T AF O TS A AT
—E 2, W5 A il
LR RGP A RS B AW
A I REALRR B R E R
B EMERE

(3) FkEEE F sl 22kt . =
7 H S 22 S B ORS R+ 2.5mm,
AR5 [ N A8 1 H AR FE AR — 2L
1HL I AR 0 B — e S B g A 1k )
+ 1mm A 47, B e RiF. Xk
T EAE F oh 22 Sk WSS R A B A
iy 22 S Ve T RS BE 7 TR EA T IR A
I8, P P S22 S Bl OR

(4) HhHi22 T2 mkse.
HNIET A SR 2 BRI & A M
PR TR AR R SRR T TR
s T E PR SRS B RS
PR BB (A T I AR
A Shil 2B R R4 3, A RENS
PRSI IR M A AL N 2T Al
FARBZER; . FAh, H =R 22 105
wRUEYE, A S22 R b R B
B FT R, 8 4025 0 e 24 o AR A

RE 114 5% M) 25 5 Tt 75 ZEEA T IR AE
5%, IR E ™ B gl 222848 1 S
M

(5)CAD/CAM B ZEGETT K o
E A 22 % R D he o & i H H
iz CAD/CAM B, [ 3 &
GAIHAEE T NAIEROR, T2
SCAE TG A A AT 8
o FEAE R R e AU & Gb R
R, i CHLE GBS 2 A MR 1
T S 0 7 P B i ) AR LRI B o

Zig

feas Tl R R A =l
FR R “BAR Tl 2 AE”, T K KHLE
EREMEB T —ERNEGES
J1. Wiz 20, €919 Fl AG600 “5 Kk
ALY R , 3 TS Tk
TS AW (HR S R A
FAALL, Jeik G AR 1 5 BT it
TR ) 3 AT AR S ] 24 R R A 2 o e
Tl P & B HE AR Z —
TR R E AR LR Tolk S ik
AR A 3 AT, A Zit e
H A R EREY F Sl 22 e 2 AL
EHAR, LR AT AR Tl
FE AR AL TR

& £ X

[1] TIERNEY J, WEBER R,
SHEVCHENKO N, et al. Development of an
automated materials placement (AMP) system for
composite processing[ C]//Proceedings of SAMPE
2012. Covina: SAMPE, 2012.

[2] SORRENTINO L, CARRINO L,
TERSIGNI L, et al. Innovative tape placement
robotic cell high flexibility system to manufacture
composite structural parts with variable
thickness[J]. Journal of Manufacturing Science
and Engineering, 2009, 131(4): 410021-410028.

[3] OLDANI T, GOEBEL D. System
and method for heating carbon fiber using
infrared radiation in a fiber placement machine:
US7731816[P]. 2007-08-06.

[4] CALAWA R, NANCARROW J.
Medium wave infrared headter for high—speed
fiber placement[R]. SAE Technical Paper, 2007-
01-3842, 2007.

[5] LAMONTIA M A, GRUBER M B,
WAIBEL B ], et al. Conformable compaction
system used in automated fiber placement of large
composite aerospace structures|[C]//Proceedings
of 23rd SAMPE conference. Paris, 2002.

[6] GENSSEN M. Pressing apparatus and
pressing and depositing system for depositing a
sliver on a double—curved surface, and use and
method: US8394223 B2[P]. 2011-09-22.

[7] STEEG M, SCHLEDJEWSKI R,
SCHLARB A K. Automation implementation
and process development of thermoplastic tape
placement for 3—dimensional parts[J]. SAMPE
Journal, 2006, 42(5): 18-24.

[8] MISCHLER P L, TINGLEY M,
HOFFMANN K. Compaction roller for a fiber
placement machine: US7810539 B2[P]. 2010-
10-12.

[9] TINGLEY M C. Add roller for a fiber
placement machine: US2007/0044899 A1[P].
2007-03-01.

[10] HAMLYN A, HARDY Y. Applicator
head for fibers with particular systems for cutting
fibers: US2008/0216963A1[P]. 2008-09-11.

[11] IZCO L, ISTURIZ J, MOTILVA M, et
al. High speed tow placement system for complex
surfaces with cut/clamp & restart capabilities
at 85 m/min (3350 IPM)[C]//Proceedings of
SAE Aerospace Manufacturing and Automated
Fastening Conference and Exhibition. Toulouse,
2006.

[12] DEVLIEG R, JEFFRIES K, VOGELI
P. High—speed fiber placement on large complex
structures[R]. SAE Technical Paper, 2007-01-
3843, 2007.

[13] OLDANI T, JARVI D. Performing
high-speed events “on—the-fly” during
fabrication of a composite structure by automated
fiber placement: US 7513965[P]. 2005-11-11.

[14] kR, ZFARATBOB A Pl 223k
PGB ARDISE [D]. WK - MR TR
27, 2011.

ZHANG Fengqiang. Research on key
technologies of fiber placement head in fiber
placement equipment[D]. Herbin: Harbin
Institute of Technology, 2011.

[15] BIRAE. H Bl kgt
JORF DRI ARBIZE [D]. MR « W/RIET.
A2, 2014.

HU Facun. Mechanical design of automatic
tape laying head and ultrasonic cutting
technology research[D]. Harbin: Harbin Institute
of Technology, 2014.

[16] HBEE.

2T Al s R LAl
20184E 561 &7 - RIS EIA 59



PR .
—— ¥ oru

SCHEORBIESE (D). WA/RIE : MG/RIE TR,
2010.

SHAO Zhongxi. Research on key technology
of fiber placement machine[D]. Harbin: Harbin
Institute of Technology, 2010.

[17] bk, ML 1 BBl R S AL
Fy Rt K CAM HEARBISE [D]. BT St
MR KA, 2011

ZHAO Zenglin. Research on structure
improvement and cam technology of typical
automated placement system[D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2011.

[18] BLACK S E, PADO L E. System,
method, and computer program product for
providing control for high speed fiber placement:
US2003/0102070A1[P]. 2003-06-05.

[19] LICHTENWALNER P F. Neural
network—based control for the fiber placement
composite manufacturing process[J]. Journal of
Materials Engineering and Performance, 1993,
2(5): 687-692.

[20] YAN L, CHEN Z C, SHL Y, et al.
An accurate approach to roller path generation
for robotic fibre placement of free—form surface
composites|J|. Robotics and Computer—Integrated
Manufacturing, 2014, 30(3): 277-286.

[21] MARTINEC T, MLYNEK J,
PETRU M. Calculation of the robot trajectory
for the optimum directional orientation of fibre
placement in the manufacture of composite profile
frames[J]. Robotics and Computer—Integrated
Manufacturing, 2015, 35(15): 42-54.

[22] FAK. T DSP A S22l
SRR RGI A (D] WREE: /R Tl
K, 2013.

WANG Zhibin. Exploitation on tension
control system of fiber placement machine
based on DSP[D]. Harbin: Harbin Institute of
Technology, 2013.

[23] MR, [H Sl 22 A Gl O B2
FRIERIBAMETE (D], MR MR
K2, 2014.

SUN Tianfeng. Research on temperature
and tension control technology of automated fiber
placement|[D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2014.

[24] TAO Y C, JIA S, DUANY, et al.
An online detection method for composite fibre
tow placement accuracy[C]//Proceedings of
the Institution of Mechanical Engineers Part
B-Journal of Engineering Manufacture. London:
Institution of Mechanical Engineers, 2016,
230(9): 1614-1621.

[25] BEHE . BB, BER . 5. )

60 Wiz MIEEEA - 201845 615 55710

LTRSS PR U B PR A DR G 7 12
[J]. VY2583 Kap2idik , 2015, 49(12): 112-116.

TAO Yicun, JIA Shuhai, DUAN Yugang,
et al. Rapid cut state detection for carbon fiber
composite tow[J]. Journal of Xi’ an Jiaotong
University, 2015, 49(12): 112-116.

[26] HOICE, PNVES KNS L 4 EINE
SRR A SIEITRCHA R (1], s il sonR,
2014, 57(16): 85-89.

HUANG Wenzong, SUN Ronglei, ZHANG
Peng, et al. Development of automated placement
technology for composite material[J]. Aeronautical
Manufacturing Technology, 2014, 57(16): 84—89.

[27] CROFT K, LESSARD L, PASINI D.
Experimental study of the effect of automated
fiber placement induced defects on performance
of composite laminates[J]. Composites Part A:
Applied Science and Manufacturing, 2011, 42(5):
484-491.

[28] PERNER M, KROMBHOLZ C,
BOCK M, et al. Clarifying vibrational issues of an
advanced automated fiber placement production
plant[C]//Proceeding of 2012 IEEE/ASME
International Conference on Advanced Intelligent
Mechatronics (AIM). NewYork: I[EEE, 2012.

[29] CROSSLEY R J, SCHUBEL P J,
WARRIOR N A. The experimental determination
and control of prepreg tack for automated
manufacture[J]. Plastics Rubber & Composites,
2010, 40(6/7): 363-368 .

[30] CROSSLEY R J, SCHUBEL P J,
WARRIOR N A. Development of ATL and
materials for low cost production[C]. Proceedings
of the 18th International Conference on Composite
Materials. Jeju, 2011.

[31] CROSSLEY R J, SCHUBEL P J,
WARRIOR N A. The experimental determination
of prepreg tack and dynamic stiffness[]J].
Composites Part A: Applied Science and
Manufacturing, 2012, 43(3): 423-434.

[32] MURIC-NESIC J, COMPSTON
P, STACHURSKI Z H. On the void reduction
mechanisms in vibration assisted consolidation
of fibre reinforced polymer composites[J].
Composites Part A: Applied Science and
Manufacturing, 2011, 42(3): 320-327.

[33] GUTIERREZ J, RUIZ E, TROCHU
F. High—frequency vibrations on the compaction
of dry fibrous reinforcements|[J]. Advanced
Composite Materials, 2013, 22(1): 13-27.

[34] NAGELSMIT M, KASSAPOGLOU
C, GURDAL Z. AP-PLY: A new fibre placement
architecture for fabric replacement[J]. SAMPE
Journal, 2011, 47(2): 36-45.

[35] GOODMAN D L, BYRNE C A, YEN
A, et al. Automated tape placement with in—situ
electron beam cure[J]. SAMPE Journal, 2000,
36(2): 11-17.

[36] HAIGHT A E H, WESSON S P.
E—eam automated tape placement technology for
high temperature composites|C]//The Proceedings
of 52nd SAMPE Symposium and Exhibition,
Baltimore, 2007.

[37] DI PIETRO A, COMPSTON P. Shear
properties of a glass—fibrevinylester composite
cured with high intensity ultraviolet light for
use in automated manufacturing processes|J].
Advanced Composite Letters, 2011, 20(2): 45-48.

[38] ABULIZI D, DUAN Y G, LI D,
et al. A new method for glass—fiber reinforced
composites manufacturing: Automated fiber
placement with in-situ UV curing[C]//IEEE
International Symposium on Assembly &
Manufacturing. New York: IEEE , 2011.

[39] ZINI E, SCANDOLA M. Green
composites an overview[]J]. Polymer Composites,
2011, 32(12): 1905-1915.

[40] COQUERET X, KRZEMINSKI
M, PONSAUD P, et al. Recent advances in
electron—beam curing of carbon fiber—reinforced
composites|J]. Radiation Physics and Chemistry,
2009, 78(7/8): 557-561.

[41] SR/, BER R, U4, 4
NS AR s T2 ()]
AHIERA |, 2011, 54(15): 45-48.

ZHANG Xiaohui, DUAN Yugang, LI

Dichen, et al. Fiber placement technology of

J5
M

UV in-situ curing composite[J]. Aeronautical
Manufacturing Technology, 2011, 54(15):45-438.

[42] AUGUST Z, OSTRANDER G,
MICHASIOW J, et al. Recent developments
in automated fiber placement of thermoplastic
composites|J]. SAMPE Journal, 2013, 50(2): 30-37.

[43] DEVRIES H. AFP technologies for
high performance thermoplastics: characterization
of mechanical performance and output rate[C]/
Proceedings of the 6th SAMPE International
Technical Conference. SETEC Leiden, 2011.

[44] QURESHI Z, SWAIT T, SCAIFE
R, et al. In situ consolidation of thermoplastic
prepreg tape using automated tape placement
technology: Potential and possibilities|]]. Composites
Part B: Engineering, 2014, 66: 255-267.

[45] HALE R D, MOON R S, LIM K, et al.
Current progress on integrated design and analysis
tools for fiber steered composites: Technical
report N0O0014-00-1-0415[R]. Lawrence:

University of Kansas Center for Research, Inc.,



Key Technologies of Large Aircraft *—&m%ﬁﬁﬂt

2004.

[46] SHIRINZADEH B, CASSIDY G,
OETOMO D, et al. Trajectory generation for
open—contoured structures in robotic fibre
placement[J]. Robotics and Computer—Integrated
Manufacturing, 2007, 23(4): 380-394.

[47] SHIRINZADEH B, ALICI G, FOONG
C W, et al. Fabrication process of open surfaces by
robotic fibre placement|J]. Robotics and Computer—
Integrated Manufacturing, 2004, 20(1): 17-28.

[48] LOPES C, GURDAL Z, CAMANHO
P. Tailoring for strength of composite steered—
fibre panels with cutouts[]J]. Composites Part
A: Applied Science and Manufacturing, 2010,
41(12): 1760-1767.

[49] GURDAL Z, TATTING B F, WU C
K. Variable stiffness composite panels: effects of
stiffness variation on the in—plane and buckling
response[J]. Composites Part A: Applied Science
and Manufacturing, 2008, 39(5): 911-922.

[50] BLOM A W, ABDALLA M M,
GURDAL Z. Optimization of course locations
in fiber—placed panels for general fiber angle
distributions[J]. Composites Science and
Technology, 2010, 70(4): 564-570.

[51] BN, R 2 A SRR i
BB B A (1], A0S 3 A, 2008,
51(4): 53-56.

XUE Qigang. High efficiency and full
automatic CFRP fiber placement machine[]]
Aeronautical Manufacturing Technology, 2008,
51(4): 53-56.

[52] 4. £AVF . RWE. ZEM
M 22 L T R AR IR (9], TR T2
2009(2): 25-29.

LI Shanyuan, WANG Xiaoping, ZHU Lijun.

Path planning for composite fiber placement|]].
Aerospace Materials and Technology, 2009(2):
25-29.

[53] 58, koK, gk . 4. Il
T (R0 2 Rl 22 B A A T (). it
2R L 2010, 42(6): 735-738.

LU Min, ZHOU Laishui, AN Luling, et al.
Multi-layer path generation for open—contoured
structures in robotic fiber placement([J]. Journal of
Nanjing University of Aeronautics & Astronautics,
2010, 42(6): 735-738.

[54] ER¥RT, HRALE , WA, .S
BB 2T AR O A AL AR (0], =S
il A, 2009, 52(19): 72-78.

HAN Zhenyu, SHAO Zhongxi, FU Hongya,
et al. Meshing method of fiber placement track for
S—shaped inlet[J]. Aeronautical Manufacturing
Technology, 2009, 52(19): 72-78.

[55] R4, WeA s, AREE. A il
T A AR AE B O AR AL ], R s s R
K2R, 2005, 37(11): 144-148.

SHAO Guanjun, YOU Youpeng, XIONG
Hui. Optimal fiber placement paths for free—form
surface parts[J]. Journal of Nanjing University of
Aeronautics & Astronautics, 2005, 37(11): 144—
148.

[56] SEMEFE, H% . K7, Ashiiz
SEAT SRS MR RS 7], DU
(PR ), 2007, 53(5): 613-616.

DANG Xudan, XIAO Jun, HUAN Dajun.
Implementation on fiber placement parallel
equidistant path generation algorithm[J]. Journal
of Wuhan University (Natural Science Edition),
2007, 53(5): 613-616.

[57] ZRY, TR, H%, 5. Wi
Al T 17 5T o 32 A 22 B R B0 (0. 3

FEHLAR BT 5 BB 2224k |, 2013(9): 1410-
1415.

LI Junfei, WANG Xianfeng, XIAO Jun, et al.
Trajectory planning of automated fiber placement
for meshed surface in fixed angle algorithm[]J].
Journal of Computer—Aided Design & Computer
Graphics, 2013(9): 1410-1415.

[58] FESCE: ., M7, ThWig, 5. KT
O s A T AT 174 19 S5 1 0 B LG s ().
ffizs 244, 2013, 34 (2): 434-441.

XIONG Wenlei, XIAO Jun, WANG
Xianfeng, et al. Algorithm of adaptive path
planning for automated placement on meshed
surface[J]. Acta Aeronautica et Astronautica
Sinica, 2013, 34 (2): 434-441.

(591 Betipd, AL, WA, A
T CATIA A BN TEEAR 1ML e N £F 4t
TR [J]. Az 244 . 2014, 35(9): 2632—
2640.

DUAN Yugang, DONG Xiaowei, GE
Yanming, et al. Robotic fiber placement trajectory
planning based on CATIA CNC machining
path[J]. Acta Aeronautica et Astronautica Sinica,
2014, 35(9): 2632-2640.

[60] BLER, BATH], Wi, & BT
£ 3 5 [ P 42 04 2 AR U s R (D).
25224, 2015, 36(10): 3475-3482.

DUAN Yugang, GE Yanming, MENG Yang,
et al. Trajectory planning of fiber placement
based on controlled angle and interval[J]. Acta
Aeronautica et Astronautica Sinica, 2015, 36(10):
3475-3482.

WIRAEE: BEER, Wb O, R T
Je Ik G MR 1 Bl 22 B 3% b 3 B R

E-mail: yeduan@xjtu.edu.cn,

Research Progress on Automated Fiber Placement Technology

ZHANG Xiaohui', ZHU Yuxiang', ZHANG Shaoqiu', CHEN Bo', ZHI Mian’, DUAN Yugang'
(1. Xi’an Jiaotong University, Xi’an 710049, China;
2. Baoding Biaozheng Machine Tool Co., Ltd., Baoding 071000, China)

[ABSTRACT]

With widely applications of advanced CFRP (Carbon Fiber Reinforced Polymer/Plastic) in the aerospace

industy, the automated fiber placement (AFP) technology has attracted more and more attention from the industries. Four

aspects of the research progress on AFP technology at home and abroad are introduced, including: the AFP head mechani-
cal design, the AFP automatic control technology and system, the AFP process research and the AFP CAD/CAM software
development. Moreover, the existing technique problems of the AFP technology developing at home are summarized, and

the research content and development direction are discussed.
Keywords: Carbon fiber reinforced polymer/plastic(CFRP); AFP head; Control system; AFP process; CAD/CAM
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