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Braiding process reasoning method for special-shaped components based on
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Abstract: In order to realize accurate and autonomous production of braided preforms for special-shaped composite com-
ponents, a process reasoning method for braiding special-shaped components based on the off—center theory is
proposed. The off—center braiding parameters are proposed and the yarn deposition pattern under the off—center
braiding is analyzed. The position equation of the yarn falling point on the surface of the mandrel is established
based on the response function of the convergence length over time. The surface contour features such as vari-
able cross—section, large curvature of the profiled member are reconstructed by applying the model reconstruc-
tion algorithm. The optimized design of the yarn distribution is carried out based on the contour features, and
the reasoning for the process parameters such as the braiding speed, the take—up speed, and the trajectory are
realized. The results show that the process reasoning method reduces the coverage difference between the inner
and outer sides of the mandrel by 68.9%, and significantly improves the consistency of braided special—shaped
preforms.
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Fig.3 Reasoning frame of parameters in off—center braiding process

Rot(f,,a,) =
fversatea,  ffversa—f.ca, ffversa.+fsa, 0
fifversa+fisa,  fversa+ca,  fifyversa—fisa, 0
ffversa.—fiea, fifversa+fisa,  fiversa+ca, 0
0 0 0 1
(7)

HWR, DB BUAE R A %A, DS Ny 1
SCERBT A BE S S A VR AR B AR, X B4
WZE AT, IR 3. FE T A B RS i
3 A WU B 20 28 5 30 I A1 20 2 1Y) G 2L B ELL
K HZE ML AU A IS B 20 4 030 A 1) B2 4 21
BT 2l , L S R e 22 5o JRIBOEEL 5 A
TR SRSV T P 58 A A R B A, DA S50 B 5 T AE
O HRAR T A 5, o0 S S AR T A T 4 A T B A
53 THBRTE R AR Y0 5 il 3RS 2D e [R] BE 3 A A 45
IS .

5 IR IR A5 S A T2 S
BZEINRER, RO T 2 SE A THER A A
H TR LA SHOT A1 Bl 5 22 5| 3R 15 0 B
— L, SR R S50 rh Y B — ZR D L 340 i

— 2R S R ik, DR AR SCIE T 2R B B ER
SO BT R 5 R AT AR TR RS T2 S
B, X N, ASESHUS, C X A ETA T A AR
L7 RT3 1| B RS d el R e ol [ L VA R |5
3 FR o ST R B2 ZR G RIS T ER 4T
Yoy, 5NN g, BIE T AR
AL E Ogy, 55T F TN q.50 ST
— SRR EARAR T B LT B ¢y, 1B
B BB OR iR A PR ZE 5 | R . T A 24t
N7 R I S A2, 15 O S 2L T 1)
WA T 2280, Fb AN

n, n,

C C ce CC
Z v Wt Z v W
i=1 i=1

V= T (8)
; Og'i ' + ; Og*; w";;
Cg= Ty (9)
z 18w+ Z 18" "
Tg; - =1 =1 (10)
2n,



%52 ]

M AR T O R A S B R T AR5

20, WL B ZE 5 R 50, 2D E% I AL
HAH; Og; W FI I SO E 51, T PR ) i
Vo MR DHRB T L N ES I ; Cg MmO T.
GRS S Ty MR T2 MR8
BTSN

3 SRIRIEIE

31 HmARE

R B UE AR 5% A7 it OO0 i 20 T 2 3 B 7 VR 1
AR A SCR R G AT 5 O T2 HEA A i
W) T ESEGATHRET L. SRR B =M1
AN ERZHAT, P aTE 176 e gmZIHL M — B RL
HLRME S KUKA DLEs ALY i UL ST &
Gt g TR R R th A R AR R R LR AR an &l
4 i, FAEBCRRmAUSIE B, T 2 B Ry (8 e 15 fir
BT 5B IE K B, NI TARSUEML o R b 52 1 g
12K T700 AR MMEEAIREF e L AT 92, 8L 5 S
BnE 1 i,

Hl=dEs
LB

ﬂbﬂ’&&%

EH4 HBALKRTE
Fig.4 Schematic diagram of braiding experiment
R1 RARESH

Tab.1 Parameters of braiding equipment

BT fETEEE o MRS of SEIRERE RS IREREE R,/

B (rad-s™) (°) mm mm

176 0.133 2 60 100 1821

3.2 F3|MITERESEEXTLE

F 2 Fp oy R A5 20 22 5 Bl 5 22 5 |
mE s s, HES TUER G OEETZT
F 5| Pl 5B L2 LT —3, TR B R A
TESFEHUIAS TNBLZE . g T 28 T
A TR TR A T ) Sy SR A A5 A, A2 5 I 5 A
BATAER RIS AR 7] W 38 mm. [R]HT,
FEGRSUHT A B gn SR, IR 2 M RS )
DUBURZS YIS AR, 5 2 BE R Wie E 1E 4 mu/s, 51558
S BT TR B R — 3K

400 F
£ 5ol BT,
£ 00l — ROHATZ
N 250
M 200}
&
l‘g 150
# 100
ﬁ 501
Eey (0
#:] -50 0 I 1 1 1 1 I 1 1 1
-100-50 0 50 100 150 200 250 300 350
SBINFFAE AR 2R X fill/mm
(a) 0 30 5V R AE T I Bl
8 3
—— G RATZ
=~ 6 /\—%béﬁé’RTfi
5 WA
i 4 ——
x|
g2
O 1 1 1
0 50 100 150 200
B35 /mm
(b) #25 %

E5 ARERILZMESINBSEFSIEERITLL
Fig.5 Comparison of traction trajectory and traction rate for

different braiding processes
33 MRRLERKSHIKEXTLE
TEAG TR v fig AN [R] I 221 i A7 20 2 i) BURR 5 B
LS B, anlal 6 Bz

W SK B /mm

. 50
g 45
< 200
) 40

Me 150

s 35

§ 100 I

&

5 0 20
= 15
Bop, 50 100 150 200
4‘7%‘“% . 0_50 100 =50 o 50 o

AU 4 R TR X
Vi, i R
(a) G5 F DI RN T L
WS B fmm
60

=

g
< 200 50
N
& 150 S 20
=100 t::: -

..

=R !\-..._ 30
o9 by e 20
4
B 900 200 10
& ) 100 150

B =50 jgg-50 0 0

Dy i AR R AR X

(b) M IR
E6 REHRRIZWSIKERTLL
Fig.6 Comparison of convergence length for different

braiding processes



-6 -

IR R N AN

i 44 4

AT 2 R BN A Y dm B S B . X
TR s, A RIS S B 2 S B R AE S BOR
I] X 32k 43 A A TR FIEL 6 ] LI 25 Fh o — ()
WS BE A, St O g PO — 00 4 22 7 15 R 1% B0
%, RIS W4 i OSSO B A ok 1 TR A Ao B A8 4k
HRE A RE g U R SO S s 2 R B
— A, e K M AR AR R AR AL D LTl T Ak
LUYEER o, AHAFTE B RO B 24 PN, BRI
SR FEAHAT , (F2 R T 15 21 4 RO S 21 4 o Y FR TR
AN R B 28 S8R, S B U O 22 A PN A TE 25
FIAFHE LA RIS
34 REAREBEERILL

LU EEF NI 7 BRI 4 BRI
X S A 7 w2 A I 5 7 s R A X L

90
o [ 80 __
o o8 70 &
1 0.6f 60 &
Bo4r o
-------- s — sy |0 &
021 pyfug i — PfiZigifm 40

0 30
100 110 120 130 140 150

B /mm
(a) BGExT IR BT
90
(1)42;_‘_;_ fffff e 480
Moo - - 702
g2 06/ 60 g_E\g
=04 50
0.2 b s e — SIS | 40 5
= PN — WIS |

0
100 110 120 130 140 150
AR S /mm

(b) fid D IRER T2

7 FAREAIERWERXTLL
Fig.7 Comparison of fabric structure for different braiding

processes

HITEL 7 R, A GERATIAHE B S B 0 2 B 4 21
TEZRGET BB T R, th TAS R 8
PR IS LR [0 2028 A TURR AR ] S BT
A 2R P X35 i A0 SO X3 B S 1Y
LUty o FEh AR, b TR EREY N, AU BT
HeHER BLAR ; FEfh A AMI, i TR AREOR , 2P 2
DA s 08, G FE OB T 2N, N
SMNGREIFAE 55°~65°IX [ NAZAL , SR 4 2L f 60°
BOEIE, A SRR R 255, 22 AT
0.35 L _Fo MO m LA 2L N MBS 5 5415 21 1 2%
%, TS WS SIS, M 35 R A F 1

ZE R 011, SEG M HIEIK T 68.9%L) E . A
FUIRHLEE N 28U AE A S R AR, S 8L e N
-5 ZMIPHS B2 0 B — 2 R B RO R, S5 01 ER m 2L A Y
ZE(EI R BLLE iR M

4 # it

(1) B XF g 21 55 BURG {1 5 3 LS e B 11 [
P TR ETR O g T S S EEER
L AT O T X S B 2 Y ()5 i ALEE
FEF S T A AR AL X S AR b A R T DR A R AT Y
SIACHER , B2 H RSV 7 1) O B A AR T 06 ) 4 2
PRI T8 T IS 0l 5

(2) T OHLIEA gR S T ARy o —FR
] T G Ak BT R ER T B, 1 S RUA R
B3 = TR AR R T i, SCIRSS IR 2
A ) T2 S 800T DLSE 2 I B S B0k 4R 52 2% LA
FEIEAR ISV B | PN AMINZE 35 22007 3 2518 Lu AR 4¢
TEBEIRT 68.9%LA L, 0k THEG A T2 M 4m4t
B SRR SR IR AR ek F 3 fb4m 2
AP T2 R A R T B A

Sk

[1] ZHAO Z Q, DANG H Y, LIU P, et al. On the impact failure
behavior of triaxially braided composites subjected to metallic
plate projectile[]]. Composites Part B: Engineering, 2020, 186.
107816.

[2] WUZY, ZHANG L C, YING Z P, et al. Low-velocity impact
performance of hybrid 3D carbon/glass woven orthogonal com-
posite: Experiment and simulation[J]. Composites Part B: En-
gineering, 2020, 196. 108098.

[3] TANGE L, ZHANG W, WANG X X, et al. Macroscopic and
mesoscopic simulation of damage behavior for CF/BMI lami-
nates induced by rectangular cross—sectional TC4 flyer high—
speed impact|J]. Thin-Walled Structures, 2024, 198, 111675.

[4] ZHANG C, MIN L J, CURIEL-SOSA J L, et al. Ballistic per-
formance and damage behavior of three—dimensional angle—in-
terlock woven composites under high velocity impact: Experi-
mental and numerical studies[J]. Thin—Walled Structures ,
2023, 191 111056.

[5] LIUY, SHANZD, LIUF, et al. Optimization control of guide
bar array deformation in flexible—oriented 3D woven process|J].
Polymer Composites, 2024, 45(6): 5386-5398.

[6] CHENXM, ZHANG Y F, XIE ] B, et al. Robot needle—punch-

ing path planning for complex surface preforms[J]. Robotics



%52 ] B AR BT O B R S AU A T AR v -7 -

(7]

(8]

9]

[10]

[12]

[13

—_

[14

—

[15]

[16]

[17]

and Computer—Integrated Manufacturing, 2018, 52. 24-34.
ZHANG W X, LIU F, LV Y X, et al. Design and analysis of a
metamorphic mechanism for automated fibre placement []].
Mechanism and Machine Theory, 2018, 130, 463-476.

LIAN K P, YANG L, ZHU D Y, et al. Effect of printing pa-
rameters on 3D—printed carbon fiber—reinforced polymer com-
posites under magnetic field control[J]. Journal of Manufactur-
ing Processes, 2023, 101 1443-1452.

LIQY, JICC, LISY, etal. Predicting the topology of braid-
ed structures in arbitrarily composite preforms based on yarn
interactions[J]. Textile Research Journal, 2024, 94(19/20) .
2201-2219.

HU M Q, SUN B Z, GU B H. Microstructure modeling multi-
ple transverse impact damages of 3—D braided composite based
on thermo—mechanical coupling approach[J]. Composites Part
B: Engineering, 2021, 214 108741.

LIU SK, WANG LY, SIDDIQUE A, et al. Irradiation multi—
scale damage and interface effects of 3D braided carbon fiber/
epoxy composites subjected to high dose y—rays[J]. Composites
Part B: Engineering, 2024, 281 111575.

CAL Y L, ZHAO Z Q, LIU P, et al. Revealing the failure
mechanism of 2D triaxially braided composites under off—axial
tension through mesoscale simulations[J]. Composites Science
and Technology, 2024, 257 110838.

DU G W, POPPER P. Analysis of a circular braiding process
for complex shapes[J]. The Journal of the Textile Institute, 1994,
85(3): 316-337.

GONDRAN M, ABDIN Y, GENDREAU Y, et al. Automated
braiding of non—axisymmetric structures using an iterative in-
verse solution with angle control[J]. Composites Part A; Ap-
plied Science and Manufacturing, 2021, 143 . 106288.
KYOSEV Y, AURICH M. Investigations about the braiding an-
gle and the cover factor of the braided fabrics using image pro-
cessing and symbolic math toolbox of matlab[M]//Advances in
Braiding Technology. [s.n.]: Elsevier, 2016 549-69.

ZRARH, W, BRKHT, 5. KRGS IE A 4 41
i RSB [I]. D5EVF 4R, 2023, 44(10) : 188-195.
LIQY, JICC, XI X F, et al. Braiding strategy and yarn tra-
jectory prediction of large size special—shaped structure man-
drel[J]. Journal of Textile Research, 2023, 44(10). 188-195
(in Chinese ).

FOULADI A, JAFARI NEDOUSHAN R. Prediction and opti-

mization of yarn path in braiding of mandrels with flat faces|J].
Journal of Composite Materials, 2018, 52(5): 581-592.

[18] FOULADI A, JAFARI NEDOUSHAN R, HAJRASOULIHA J,
et al. Control of braid pattern on every side of a braided com-
posite part produced by asymmetrical braiding process[J]. Ap-
plied Composite Materials, 2019, 26(2) . 479-492.

[19] KESSELS J F A, AKKERMAN R. Prediction of the yarn tra-

—

jectories on complex braided preforms[J]. Composites Part A ;
Applied Science and Manufacturing, 2002, 33(8). 1073-1081.

[20] LIQ Y, CHIX F, JI C C, et al. Off-center braiding process
for complex composite preforms based on analysis of the geo-
metric contour model of the mandrel[J]. Textile Research Jour-
nal, 2022, 92(23/24) . 4845-4859.

[21] VAN RAVENHORST J H, AKKERMAN R. Circular braiding
take—up speed generation using inverse kinematics[J]. Com-
posites Part A; Applied Science and Manufacturing, 2014,
64. 147-158.

[22] MONNOT P, LEVESQUE J, LABERGE LEBEL L. Automated

braiding of a complex aircraft fuselage frame using a non—cir-

cular braiding model[J]. Composites Part A: Applied Science

and Manufacturing, 2017, 102, 48-63.

ERE, ARte, A, 45 LT g SURR I 0L B S A

BEARAG O ZRE F PR AL, S22 41, 2015, 36(9): 28~

33.

WANG X M, ZOU T, LI C J, et al. Predicting model for

—_
[\S}
(O8]

—_

braiding angle based on initial braiding height and take —up
speed[J]. Journal of Textile Research, 2015, 36(9). 28-33
(in Chinese ).

[24] LICE, LIQ Y, CHI X F, et al. Design of fast braiding pro-
cess based on reconstructing mesh with complex and irregular
mandrels[J]. Textile Research Journal, 2024 ,94 (13/14) .
1527-1542.

A5 &
BET BHIEESE , 2R MBERH , 45, 5T OO BEE 09 S 4G 1 5 41
T ZAETAT] RH T RS54, 2025, 44(2) : 1-7.
CUIB, YANGHT, LIQY, et al. Braiding process reasoning
method for special —shaped components based on off —center
theory[J]. Journal of Tiangong University, 2025, 44(2): 1-7(in
Chinese).



