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Abstract: The high specific strength, high specific modulus, and corrosion resistance of composite materials make
them widely used in critical fields such as aerospace. To address the challenges in automated fiber
placement (AFP) technology regarding equipment and software systems, a comprehensive analysis of
the current development status and trends of AFP technology both domestically and internationally is
conducted. Globally, AFP technology has achieved relative maturity, featuring advanced equipment and
well-developed software systems capable of precise fiber placement and real-time monitoring for
complex composite components. In contrast, China's AFP equipment is still in the development phase,
requiring significant improvements in placement accuracy, production efficiency, and operational
stability. Furthermore, domestic AFP software systems currently lack standardized algorithms for

trajectory planning of complex components, resulting in noticeable gaps in functionality and
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computational efficiency compared to international counterparts. These technological limitations
collectively constrain the advancement of China's composite component manufacturing capabilities to
higher precision and productivity levels. Therefore, the development and application of AFP equipment
and software technology have become research hotspots for the automated forming of complex
composite components. This paper analyzes gantry-type fiber placement machines, horizontal fiber
placement machines, and robotic fiber placement machines, summarizing and analyzing the research
progress of automated fiber placement machines domestically and internationally. It reviews relevant
studies on automated fiber placement path planning and motion simulation, as well as the gaps and
existing challenges between China’s AFP technology and international advanced levels. Finally, this
paper summarizes and forecasts the development trends of AFP equipment and software, providing a
reference direction for the design and optimization of fiber placement machines, aiming to promote the

application of composite materials in fields such as aerospace in China and facilitate the upgrading of

the next generation of AFP equipment.
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Fig. 1 Global demand for resin carbon fiber composites and China's

demand for carbon fiber
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Tab. 1 Advantages and disadvantages of horizontal wire spreaders,

gantry wire spreaders, and robotic wire spreaders and their application

scenarios
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Tab. 2 Performance parameters of automatic laying equipment for large

composite parts
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Machine Tool (Group) Co., Ltd.
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domestically and internationally

o 0 25 3 B AR 7 B T £ A 2R B X
22 Ml E AL 6.35 mm T A BV B 2T 4k 7R R
(15 8c) o Ve EAAHIIT AT A B [l e T3¢
AIHEHEC 8. 16 22 AR 223k, 22 22 R K
BRI E ZR M E . X Y. Z=AHEK
i+ =132 gl e AL 1T - Pl K 5 5 B R AR el
2L, A B TR RFE g5 m. KIE 15m,

63



!%:ﬁi Special Reports

2025555 8HA

FLRCR B ALIR S, fe K 45 m/min, Hi
B B 2542 mm, BHACE B 0~2.5 mm, Al
22K JE 90 mm, W VT K2R A A1 BR A4 A A AL Fip
KL FEZ TR . BRI A bkl 4
TN 229 H I, 3E F G A5 KA B BEAR
MLEDE | HFRGEFE 6T (K 8d) .
1.3 #lass AXFLM

MLER N ZE 22 WLk FPLES AAE LR 24k, B
A RWGMER . IE PR AR MLES A LA
6 > SR FHOC R BERs A i BEAT 1 2k

7E [E 4, KHERADPISHEH M 455 {ifi FH e Bl th
W AR RO AFPHLES (K 9a) , % 6
HhALAR N A REIE 1% ] S8 4 22 0T, KBV
it 76.2 mm, JfSCRERERTERTG 3, IR H A A
g, [AF, 5% E A Automated Dynamic 23 7]
EEFHLRRA =, R XT R4 4Ea L e
A CE9b) , HlCEA ) B 21 4 Fl PEEK $A PE Fill 2
FESuy

(a) ﬁv?dl%ﬁ 221 &

B 9 ESpLEs AL

Fig. 9 Robotic AFP machines abroad

FEl A aE B AR 5 LR L A Bl 22 e ok
AR SR, A 9 Bh il MR ShBE 7, AICE: 2.
4, 8L RG22k, LRI RMBLRE &
PR R B sh et (1810) , HARRREAEEH
T R R AR, fe e id A AT ik 50 m/min ™Y

(b) XTRIIHLE NHi223d 72

- R | =

(a) BFHFRVHUE
H 10 JBRASARF _HURHLE AR A S L1

Fig. 10 Robotic AFP machine developed by Qigihar No.2 Machine Tool

(Group) Co., Ltd.

P11 T 2R S RS S ALARCA BR 2> w14 il B

. 64 -

(b) A% 223k

SRR T A5 95— R ML, 30 8 PR AR £ 4 TR
B, ZBEESARERME, IR RS AN
BRI L Ze 208 T, WESE. KT
KEAET 45 m, P EEAMET 075 m, FHl
A AILT 30 /min, ARERIIALT 351, &K
AR EARMET 3.5m, HLWE A HEASET
6 %5, BHZSAARMKT 8 AYEIE, i Ok BE AN 7T
iK+2.5 mm, ZHEEHLE KL E AL T 90 m/min,
Wik TR EFdE sl 93t R A S R . S SRz,

B 11 E kL

Fig. 11 Automatic placement and winding integrated machine

Hh A 2 1 1 AR 9 BE T & Y — Pl AR A X
Hahizzil (B 12) , Hliik 6.35 mm T 19 $4E ik
U220, EHTIRGE . C RIRESE Z M1
FIMAS L. REECE RTG, "M 8. 16, 24 5%
32 22 R R A Nl 223k, T RE ) 55
HASm, KE10m W RAMM, IFE%+2 mm 1)
EHTHCE CORGRE . 7B 24007, ATSE 8 0~2.5 mm
) R ) B 9, e AR S 22 Sk Il 2 K
J# 90 mm, £EALCHTZZ3L 0 110 mm, FE53H 2
AL LR S G B b A 2 Y 1 3 K

i = > e

it %

H 12 JLR ARE AR S ER L5l
Fig. 12 Robot-based composite AFP machine

2 BHHLBREANSEHHE

HAFE A Shifi 22t B2 Y5 & AFP 345 et LR
T P B AR i RN B D) 220, BRI A5 AR
FIEEVE | 5K 9 RS B2 05 v G B8 X6 i 2 G
B Ho [ Y Ah ) Sl 2 AR R A S A ST
W33,

Conbility 23 7] 5 SWMS A &) & 1E I & ) CAM



e,

20255841 Special Reports SIRJaI8
*3 EARIEHHLBEAKEXHHAR
Tab.3 Research related to AFP path planning at home and abroad
1 # 1 1 TEARF
SCHUELER K*? NURBS i i B T I i D T BRSO R BN R T Bl AR B, S T ME R E R A K
LEMAIRE E " I 4 PERRT U E R AR AR R A AR R A bR A S B
HéLY CP™ Y& WRTHLEN B0 4RTE 2 A X (Y B b A sl s ik
WEHBE R™ [54 H: T T i R AT R VE AN A E R R, R A il 3 X B b 1 B o R R
HYER M W iy T ETEEMBART EE R, RS 8703 )77 148 1 A2 A B2 4 Bk 12
NAGENDRA S - %%nﬁﬁﬂ%&,ﬁm#§ﬂwﬁﬂﬁ,@%#ﬁﬂﬁﬂB#%%ﬁ<mm%>,
i NURBS Hh £ 15 O 22 f J5 2 4 ik 42
PARNAS L™ h i P = DU R # 28 (cubic bezier curves, CBC)  #E 4T 41 4 6 1% & L
HONDA S i} R S TR =R R BSR4 B
BLOM A W™ HE 5t ngvqﬂ:TZ?’;iﬁﬁégéﬁiﬁiﬂ;gﬁmm@%é
F— PA T Xof VY 321 T8 PR 0308 B30 A UG 3R A = IROT 3 8 A7 3 LE 23 #r
T B il T R FH Bezier il 2% 3 AT £F 4 4 80 B 45 1 4 itk
B — 5 TG A i T & T A1 R R B
b g SIE #E < il BF 58 7 38 T 194 4 Al i THT B9 R A JEE 2T 4 B R 3 7 V5
MLk B i o il TG A T L BRI g B ] 33 AT B30 8 v bR 4 i 3 2 AT
L™ T B ilh T R F = YNURBS 2k % B 4 57 38k 47 28 £y BE F 4 4 7 12 90 52
T — B2 (Al Ak RZ T — M 25 [ml e A T Al 2 B 100 000 0 D R O 1 T 7 4 AT T R
_ R AT L H T
— 4 TR S ﬁi;ﬂgiigigiﬁmeMMﬁ%

ARG T AR R B L AL RE T, JF IR

TH, KArefdefze ., B4, MESEEZSH

MT 28, B g e B s (K13)
1 ELiZ R GERE e i L S ORI R R TE£5 C

Cooperation Development with our Partner SWMS:

1%

simulation of created programs
SATIA VS, Fibersim, STEP, IGES

‘\ . STEF
: SDXML, DXF

Export to FEM

generating of layup post-processing

B 13 A H SWMS F % i) CAM 4k
Fig. 13 CAM software developed using SWMS

Cincinnati 2 5 FF & 19 ACES™ % k&l 7 1 4 24
EAE T, HOme I s F A R Al
E0 021 | INNEIBIAIE Y 8 S D O G T R = S B
@ HELBL0E

(&l 14) . ACES"3ft & Microsoft Windows 7 #1 10
(3216417 ) , Catia V5, Dassault f}) Composites
Workbench. Siemens NX F1 PTC Creo.

B 14 ACES A EmE
Fig. 14 ACES software simulation interface
[ N7E AFP B AR ALK a2 s 5 57 T, 5 [E S
JIAHY) AFP A2 MR 5 5 o A BE 0 R AL AR
FHEE, RIS Z Ay (4l 22 B8 A A2 R O TS A
2200, B SRR A ACR S R

65



!;%ﬁi Special Reports

20255 55 8HH

TR = o HIE T A Shil 22 MR L 5z 3
B RNRAF I B, FRERES R T —Fh A
T8 ML 3R A7 B Sl f AR R 22 % AR R Bk
CIE15) , B aEt, 2t i 2 7 4 9 [
SRR SHOT 10

Z/mm
wn
(=3
S

B 15 PR =K B AR RE AL
Fig. 15 Initial path cubic B-spline interpolation processing

SRR Y I & T —Fh 3L T AR AL ALY B
22 PRSI DT o ZIT AR T AR A,
=AU B A S A, 455 CATIA —
WH & T.H., ¥ Visual Studio “F & H & T B2 LK
B (1 16a) o FA A e R Rt 74 4 v 3 4%
(KE# 10m) BE GRS 2 iR,
Wi T & M R E 0RO (K 16b) , JF
U T 2 R R A AL B D B e AR
WY T o M A shal 2 i), $ ek T R
ik, M/ N R BGE R R s . 2K
TR, A RS (K l6c) .
i AE CATIA fY3% [] TREAE R SC B T H 3k i a4k,
ST T YRR SR EEN R L LR
ERRAFECT XA NG I A A RIL B A R I 22 B AR
17 TR S, R0 T 22 B AR X [k R &
PERE R (& 16d) o FMBAEST R H T —Fk
£y RRT-Connect ( rapidly-exploring random tree-

connect ) FyEAE R T HILM BRI, MR T H
BRIRNFCR . F B R EK, M) RRT-Connect
B T1E5: RRT-Connect B 1, 3 68X
R 4RAE T 48.7%, “FRIBSAE R R T 25.2%.

wheEE wEEE

|mmpeegepa | 12 ]
: 0 90°
l ( 1} v =1 |08 R R
450 45°

(b) KRR

o

(a) BREEARIThRIRER

—

() JEALEr B = HERETL 2 i AR

B 16 HhSHL MR
Fig. 16 Path planning for AFP

(d) sE&MBRIEHLIKR

3 EMAFP HARHEERPE

FE| A AFP 559 I 12 25 EMLBOAR BB 1
RIFAEZEIRBOR, RIMAE 2P | R
e AE R M, AR LT P T -

(1) A EWHR B AFP 34 BAR B 40T PLSE K
A MORHHICEOR U7 Bl ORS B2 A3 #1247 i)
FEVETT I, R A B A AT R AN W e B

(2) A EUFR 8 AFP 23 4 1Y B B8R 2R T
[ SN [ e o, JU ORI B 22 R, X T
A A v SEOIRAS T PRUE SO B A0 22 gk ) A8 e 1
SR AR 22 T iR 5 F 5T

(3) AFP A LRI 5z s i 57 i, A5 [ 4b
I AFP AR BRI 5 i 3 Ak BRIl AR AR
FHEC, RIS Z Ay 14 22 B A A2 R O TS A
ZEMEs AP SIEA P I RERCR S Al SRRk
fERIRE AR e = B A AFP %& 45 5 [ Ah 32 3 2
Y2 LR 4.

4 RHEHRE
bifi 5 3% E A2 Tl R A e, Seitt &2 & 41k

x4 BARXBARAZS5EINAFP RENTENRESHLER

Tab.4 Comparison of major functional parameters of AFP equipments between Xi'an Jiaotong University and foreign countries

il K i RS BE /mm HlBCGHE B/ (m/min) CAD/CAM¥ 1 & 4i FEEFERN
VG 22 22 18 K £2.50 30 F A Dy g % 5¢ 4 19 BL B CAD/CAM A 4t
W 5 £ i TBOH FE UG
MTorres 74 3T ) 60 H A Y68 58 4 1 CAD/CAM & 4t [ P R R R
Forest- Lin¢ (3% [#) £1.25 60 H A Ty g 58 % 1 CAD/ICAM & 5t W BE A TSR AT A 3R
% A% BRI A b AT S AR
Electroimpact ( 3% &) 50.8 K H % = 7 VERICUTH



20255588

Special Reports !;?eﬁ

ML . HLE . SFREGOCHES I BTz N,
X H EhEF defli ok &4 th T R E SR . ASCR G
T NS AFP F AR K JRBUIR, W& LB
EREEH (i1, BhURBLEE AR ) LA di g
HEAT TIRA T BFFE R, AR [ P 76 ) g i 3
PEMLBIE & AN T A EL N FH 7 T LS T — R, 9F
R Z USR] . T AP oE . 5 4 i 4
B R, (0 PR AE EAKOT A ELAT A TR
R, P AFP B/ TER OB ARG R ERIA
B, FEARIUAE O B T 40 m/min ([F
ARk 60 m/min LA b ) o B BORS B S B R ] AE
+2.5 mm ( FAATi5+1.25 mm) . 5 GEAb$5 ] K P
BARAE T M . FeAR LR . B A ShbrE . iR
T E 48 ) A G B R R PR R R W . Y AT R
AFP 2525 T I A9 3 ZEPk R A4 . 25X R
B, FEESREVIEINUR T, figkah S5
SE A R T HR B A2 B R A A
CAD/CAM B BFIERCR AR, B 4R 1 B AR FL R
AEFI R, A, FE SRR AR T £ 4k Al B
X T AN g W AR XS S . R i3 E R AFP
BARKRE, FHEEARELI T m . FREL Rk
IRESFIVEITRIEGE, W2 A ml R K
PRI R R ek, wlELmNY6ae; L
Lo 22 WSSt , S m s VR IR, Bk T2
Wh5E; JFARBA B EMIEZAUY CAD/CAM ¥ &
. RAHE RGEEME ARG, A 68528 &b
AFP 25 1 E ARG, T30 E 2 A4 kil
T KR — 2k

Tl TR 5 1) 2 T A S B 2 AL AR 1k 10 4
M, FEAEBAELF LA

(1) mfhliee . MR LBORA DIE MRS
HiTE A5 FIAD PR Bl 225K BRARAM RHR 2, $5
HEFERUR

(2) Bz GRS B0 . B 22 o IO A6 il il B AR
REAS S X A A MR R 1 Js i, 42 = HL 454
M 8 AN FH 754

(3) {RyEHIE . RIEAHH A B — P L 2
Sk B T T2, M T Tk,
' RE N Ay M4 ) TR R R P D [ Al R, R
TS AR 1 ) 5 AN R

(4) KPERE VRN . K58 B 2 MR Al AR
FEER KT . BZIAR A, @t i EA
FAE BRI 22, SEBRGHAL {42 T B4 7 55 AN AT

@ HELL 1P

L5 T, O A Y R R A 3 R A B
Rk, HERE. HEESAITT AR, LR AR
AR T S SR RN A T 25K o

Z X X W

(1] F v, Bo e, REoa, . 52 & 00k A 3l 80eh AR e 28 il K 4
S BETEERe [T]. A2 dil B AR, 2022, 65(16): 64-77.

(2] B4 H e, d A AL (557 A Shif 22 HLie 2k [EB/OL]. (2023-07-
28) [2024-12-03]. https://www.chinaerospace.com/article/show/5580694ff-
0a464ac8d5810860f47d7b9.

(3] FEBBRET 4 PR . A BRI LT 4k S5 BRI 540 45 [EB/OL]. (2022-05-
11) [2024-12-10]. https://caifuhao.eastmoney.com/news/20220511102709-
100629350.

(4] 5k — 5L, /)N 8§ 500 AL B B2 HE 2F 2 4l 0B A2 MR 5 CAM R [D]. i
IR MR Tl K%, 2018,

(5] 24", S 0k, fo] F Ak, 5. Se i i & MR A Sl 2 B s F R Bk 5
K 1], i G HR, 2023, 66(12): 74-83.

(6] F v, sk e, BB, . Za M A il & ot sk ). A
il F AR, 2018, 61(14): 83-90.

(7] R AR, B, MR . S E RPRE B il 22 TS0 ML B BE 4R 1 i 1
SR (], LR AR, 2023, 16(1): 17-21.

(8] 3carfhi, M 2%, F Wi, 45 b [§ 2 4 APk A 3 Bl R AR BIF T #E i (1.
LA IR R 24, 2015, 47(5): 637-649.

(9] TR A WY, W4 B, FRAR, 55 . B A 4k 1 s Bl 22 0L = 432 2 5 B3 (0],
i A A, 2021, 14(3): 50-55.

(0] B E b, XUZFIF, Wi, 55 . 2F 4 50 BBy B F00R A5 in Pl BE X &2

SRR R [T]. S AR 2R, 2012, 29(4): 148-156.
(Vg4 T, AR, BEAR, 55, B A H 3 U 22 SR 2T Al TiopL B 8 R 5

MFF % 3. AR TR, 2009(38 1) 2): 211-215. .

(2], Edodt, BrAe, 5. —Fpril B shali ok Dt R BRI (1],
WIEM/L AL, 2014(5): 4-8.

(BT FMERUE, ¥, 47w s, 55, & Ll [ shaf 22 9om s 5 [0 0
7544, 2022, 43(9) : 688-700.

(L4IBRT T, T, Tk, AR B i 22 8RBT T itk e [T]. 27 4k i
AR 2022, 39(2): 95-99.

(5] 8se, AREZE, S8R, 5. 6 A o H 4 AR s Lt 5
5T 7). iR SHLR, 2022(4): 75-81.

(161 AHMIE, A2 H , £Rit. &40k A S A 23R S LR (1.
AT RSN A, 2022, 11(6): 1521-1533.

(7T I S G bR 20 R R PR 2 04 | S o AL (7.
SAMERRES TR, 2023 F) 1): 34-43.

(1814 /b, kI K. S B G I 2 20 4 14 28 A B L3 VS 1R (7).
HAMRRRE S TR, 2020(9): 123-128.

[19]MIAO L, ZHU W D, GUO Y J, et al. An analytical model for pressure
distribution in automated fiber placement on irregular surfaces and its
application in aeronautical manufacturing[J]. Journal of Manufacturing
Processes, 2023, 106: 102-116.

(20145 43 M. KEUSE A B RHL BT OISR AR S5 K 43 b 0] i 28 il &
K, 2010, 53(22): 12-15.

21150 2460 KBS HE o 1] B Sh il 22 DURE R S5 M A AL 5 A8 T8 A M R BT
7% [D]. BUH: iK%, 2021

(22] 2124, £ 0g, 1 75, 46 T [0 A 0 4544 19 A 3h Gl DUl 5% 30 i B
WroE (7). iz 2448, 2013, 34(5): 1232-1240.

(23] S, KA ) B 24 22 ML B2 B R 55 K5 2 £ I 2 R 9P 5T [D].
BUM : WL KA, 2023,

67


https://www.chinaerospace.com/article/show/5580694ff0a464ac8d5810860f47d7b9
https://www.chinaerospace.com/article/show/5580694ff0a464ac8d5810860f47d7b9
https://www.chinaerospace.com/article/show/5580694ff0a464ac8d5810860f47d7b9
https://caifuhao.eastmoney.com/news/20220511102709100629350
https://caifuhao.eastmoney.com/news/20220511102709100629350
https://caifuhao.eastmoney.com/news/20220511102709100629350
https://doi.org/10.3969/j.issn.1674-540X.2021.03.013
https://doi.org/10.1016/j.jmapro.2023.09.057
https://doi.org/10.1016/j.jmapro.2023.09.057

!;%ﬁi Special Reports

20255 55 8HH

(247 v [ 2 0 . 55 WL GRS iR B b8 T 1) Xt 27 4k 52 3 4 A
22 i1 HLAE 72 41 814145 [EB/OL]. (2023-3-22) [2024-12-03]. http:/
www.zgbfw.com/info/pump-news-1926671.html.

(251 v [l it s 1) s 5 AR W e . 544 49 44 il itk ¢ % [EB/OLI. (2023-11-
12) [2024-12-03]. https: //www.avicmti.com/c/2023-08-11/589808.shtml.

(261540 5%, WhEE, JHBET. H Sl 22 R JOHAE A350 il 3t o 72 v i 17
A L] iz i BeR, 2017(16): 76-82.

(2719 Je Tk 7R 28 . 3D 4T ED &2 & B4 B T 8¢ 4 9 81 % -3k % 4E 1A
(FIVES) [EB/OL]. (2016-1-14) [2024-12-11]. https://mw.jgvogel.cn/c7-
63985.shtml.

(281470 JH 3¢ 2 A8 A 2= il 32 28 7 A1 B A W) 52 5 M4 BHBl CH: 7% (EB/OL].
(2023-9-10) [2024-12-3]. https://www.chinaame.com/fhclpfzb.

[29] FE U, BN, B, 46, Blas N sk A sl 22 BORBE T ke (0],
il AR, 2019(16): 14-20.

[30]JKHERADPISHEH M, HOJJATI M.

deformations in automated fiber placement employing micromechanics

In-plane and out-of-plane

method[J]. Composites, Part A. Applied Science and Manufacturing,
2023, 170: 107543.

[31]VENKATESAN C, ZULKIFLI F, SILVA A. Effects of processing
parameters of infrared-based automated fiber placement on mechanical
performance of carbon fiber-reinforced thermoplastic composite[J].
Composite Structures, 2023, 309: 116725.

[3215F S /K H #ft. 38 IR 55 “HUR S i [ B Jig 25 [EB/OL]. (2024-6-
20) [2024-12-3]. https://www.qghr.gov.cn/qghe/c100124/202406/c02_47-
8230.shtml.

(33) 7 DX 58 B p 20 2. 16 P 2 ot B D 4T 3 1 3l 22 % & [EB/OL].
(2024-8-12) [2024-12-03]. http://www.whctp.gov.cn/art/2024/8/12/art_4-
1728 4805245.html.

[34] BB, e/, B 3. B Sl 22 AR HOR K N o 1 Bk (0], 3
AR/ A RRE, 2018(12): 102-106.

[356]SCHUELER K, MILLER J, HALE R. Approximate geometric methods in
application to the modeling of fiber placed composite structures[J].
Journal of Computing and Information Science in Engineering, 2004,
4(3):251-256.

[36]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.

[37]JLEMAIRE E, ZEIN S, BRUYNEEL M. Optimization of composite
structures with curved fiber trajectories[J]. Composite Structures, 2015,
131: 895-904.

[38]HELY C, BIRGLEN L, XIE W F. Feasibility study of robotic fibre
placement on intersecting multi-axial revolution surfaces[J]. Robotics and
Computer-Integrated Manufacturing, 2017, 48: 73-79.

[39]WEHBE R, SACCO C, RADWAN A B, et al. Influence of process
parameters in AFP fiber steering on cylinders: constant curvature paths [J].
Composites Part C: Open Access, 2020, 2: 100036.

[40JHYER M W, CHARETTE R F. Use of curvilinear fiber format in
composite structure design [J]. AIAA Journal, 1990, 29(6): 1011-1015.

[41]NAGENDRA S, KODIYALAM S, DAVIS J, et al. Optimization of tow
fiber paths for composite design[C]//36th Structures, Structural Dynamics
and Materials Conference, New Orleans; AIAA, 1995; 1275.

[42]PARNAS L, ORAL S, CEYHAN U J C S, et al. Optimum design of
composite structures with curved fiber courses [J]. Composites Science
and Technology, 2003, 63(7): 1071-1082.

[43]HONDA S, NARITA Y. Vibration design of laminated fibrous composite
plates with local anisotropy induced by short fibers and curvilinear
fibers [J]. Composite Structures, 2011, 93(2): 902-910.

[44]BLOM A W, TATTING B F, HOL J M, et al. Fiber path definitions for
elastically tailored conical shells [J]. Composites Part B, 2009, 40(1): 77-
84.

(45] & 20, HP A, SR T 2T el AL AL i b 7 i % HG Lo
7% [3]. MR, 2009(3 1) 2) - 349-353.

(4612 P14, w2 W0, §hiR T, 55, PSSR W] Rl i 214 B 2l 2F el i 22
iy B B0l R B (00, 3 B HLAE B B3t 5 B 2% 2 i, 2013,
25(10): 1523-1529.

[(47]5K— L, SEULES X SR, 45 /NEL COHL R AR IS 2R 0 1 2T 2k el o
AR (1], BN/ 5 kR 2018(10): 12-19.

(48] 2R 3, E iU, 45, 45 IR fho i I F) 151 5 82 Al 22 900308 A0 Xl 5
% D) S AL B BT 5 BB 2722 4it, 2013, 25(9) : 1410-1415.

(49125 (R 4. JL TS5 P ALt it 19 9837 4l 2 s k) B9k 52 (D).
R A T RO ZE LR R 2%, 2013. 2013,

(501 fB5e, MR, B 0142, 45 [BAESE =AY S A 3 B FE SRl 4
F R RCPUR BTt B R 0], S5 AR, 2022, 39(6): 123-
130.

(5114 ¥ . AN AT i b 0 288 [l 4% 4 B Sl 2 BB LR B 5T (D). Fat: B
FZE LR KA, 2011,

[52] ERFE. F=THHEAREAF S0 A ey i 3 shaf 2B R AD5T [D].
B A B AU AS K R, 2011,

(53] 5K AR, & 0 sE. A L 3 1 3K 3 i 55 B RL - 72 ff B2 Bl 24 Bk 12
AN (1], Za kAR, 2023, 41(1): 1-12.

(541 SKEL TR, MG, Yo A, 55, JE T MRS AR Y [ Sl 22 B vk (7.
UG AR 2024, 41(3): 113221,

(55T ], fy K5t , el 55 KRR 2RI 3 38 0 B sl 22 i (0], &
BFRRRE S TR, 2023(11): 96-101, 115.

(561 Z2tH [, /N, TEBL, 55, 5T 5 2 Ml i ) 58 5 B2 B 3Bl 22 B A2 0L
R (0], EPLA T2, 2023, 34(21): 2629-2636, 2645.

(BT EFk, M2, AR, % LR GRS “L” Bk
BB SR BT (1], S5 RN 5 T2, 2023(8): 85-91.

(58] PR, WK B, w2 IR, 55, /S A p BEALAUE PRt i A2 ML R 5 T IR B
SERFFE (7). il B AR SHLUK, 2025(2): 48-56.

Mk ZHG, B,1974 54, ML, B E

Wi, 2RI 6 A S AR AE AR S R mh ) A

AEMMRE I LERKE, TRARLTTH. E-

mail: 3269388426(@qq.com

WASAEH: £ 2%, F,1980 F 4, ¥+, ik,
TR T QAL AT AR AIEBAR, A
#. &L 65 % . BE-mail: wangxf@nuaa.edu.cn
(%% =& )
(W icki HiBT: 2025-05-27)


 http://www.zgbfw.com/info/pump-news-1926671.html
 http://www.zgbfw.com/info/pump-news-1926671.html
 http://www.zgbfw.com/info/pump-news-1926671.html
 http://www.zgbfw.com/info/pump-news-1926671.html
 http://www.zgbfw.com/info/pump-news-1926671.html
https://mw.jgvogel.cn/c763985.shtml
https://mw.jgvogel.cn/c763985.shtml
https://mw.jgvogel.cn/c763985.shtml
https://www.chinaame.com/fhclpfzb
https://doi.org/10.1016/j.compositesa.2023.107543
https://doi.org/10.1016/j.compstruct.2023.116725
https://www.qqhr.gov.cn/qqhe/c100124/202406/c02_478230.shtml
https://www.qqhr.gov.cn/qqhe/c100124/202406/c02_478230.shtml
https://www.qqhr.gov.cn/qqhe/c100124/202406/c02_478230.shtml
http://www.whctp.gov.cn/art/2024/8/12/art_41728_4805245.html
http://www.whctp.gov.cn/art/2024/8/12/art_41728_4805245.html
http://www.whctp.gov.cn/art/2024/8/12/art_41728_4805245.html
https://doi.org/10.1115/1.1736685
https://doi.org/10.1016/j.rcim.2006.04.006
https://doi.org/10.1016/j.rcim.2006.04.006
https://doi.org/10.1016/j.rcim.2006.04.006
https://doi.org/10.1016/j.compstruct.2015.06.040
https://doi.org/10.1016/j.rcim.2017.02.005
https://doi.org/10.1016/j.rcim.2017.02.005
https://doi.org/10.1016/j.rcim.2017.02.005
https://doi.org/10.1016/j.rcim.2017.02.005
https://doi.org/10.1016/j.jcomc.2020.100036
https://doi.org/10.1016/j.jcomc.2020.100036
https://doi.org/10.1016/j.jcomc.2020.100036
https://doi.org/10.3969/j.issn.1003-9775.2013.09.019
https://doi.org/10.3969/j.issn.1003-6423.2024.03.018
mailto:3269388426@qq.com
mailto:wangxf@nuaa.edu.cn

	1 AFP装备及其架构
	1.1 龙门式铺丝机
	1.2 卧式铺丝机
	1.3 机器人式铺丝机

	2 自动铺丝路径规划与运动仿真
	3 国内AFP技术的差距及挑战
	4 总结与展望
	参考文献

