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Inverse Solution Algorithm for Take-Up Speed in Preparation of Braided Reinforced Composites

Considering Carbon Fiber Yarn Friction

CUI Can', FAN Zhen"?, ZHANG Senlin"
(1. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China;
2. Jinhua Institute, Zhejiang University, Jinhua 321032, China)

[ABSTRACT] Carbon fiber yarn circular braiding is a composite manufacturing process for producing tubular preforms,
widely applied in industrial fields such as aerospace. Before circular braiding, it is essential to inversely calculate the take-
up speed of the mandrel based on the expected braid angle of the braided composite. However, the traditional inverse-
solution method relying solely on kinematics has a large error. To address this issue, this paper proposes an inverse-solution
algorithm for the mandrel take-up speed in circular braiding that incorporates yarn friction. Firstly, through the mechanical
analysis of the interaction between yarns in the convergence zone, the equivalent braid angle under the ideal kinematic
model was calculated according to the expected braid angle. Then, by conducting a kinematic analysis of the circular
braiding process, the corresponding mandrel take-up speed was obtained based on the equivalent braid angle. To verify the
effectiveness of the inverse-solution algorithm, a circular-braiding finite element simulation model and a circular-braiding
physical experimental platform were established for simulation and physical experiments. The experimental results indicate

that, compared with the traditional inverse-solution method based only on kinematics analysis, the proposed algorithm can
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effectively reflect the influence of the interaction between yarns during the braiding process. The average error between

the obtained braid angle and the expected braid angle is less than 1°, which is significantly reduced compared to traditional

kinematic methods.

Keywords: Carbon fiber; Braided reinforced composite; Circular braiding; Automation; Intelligent manufacturing
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Fig.1 Process of the circular braiding
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Fig.2 Movement of carbon fiber yarn spool
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Fig.3 Braid angle of braided reinforced composites
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Fig.4 Initialization of the circular braiding process
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Fig.5 State of carbon fiber yarns in the convergence zone

VERBEFER G 2240
6 ERRX ZEhHH

Fig.6 Force analysis of the interlacement point X
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Fig.9 Process of the carbon fiber yarn deposition in the ideal kinematics model
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Fig.10 FEA simulation model

®1 ARTHEKASH

Table 1 Default values of FEA simulation parameters

28 Kl

T FRAEAER/mm 150
A/ mm 50

RIS BEL/mm 1500
AN A o/ (rad + s7) /10
2L (2m) 32
LA 4251 1 TN 10

F2 EBFELDZRMREN

Table 2 Material properties of carbon fiber yarns

e HfH
/(g - om™) 1.45
PR I/ GPa 230
TR L 0.29
YPLR R FE 1R AR 0.31
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Fig.12 Braiding result of FEA simulation
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Fig.13 Statistical results of FEA simulation
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Table 3 Datas of FEA simulation
Eeuri HAHE FaAS B
p = = —
A %ﬁm i %ﬁg i %ﬁg A3
fif T fif T fif T
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Fig.14 Local FEA simulation of annular braid with different axial
traction forces
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Fig.15 Circular braiding experimental platform
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Table 4 Physical experiment parameters
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I B L/mm 500
LRATER: R o/ (rad - ) 0.087
LA (2m) 192

4594444445008

LR R e T AT N ST N
SINAARA A ANy >

A
A AL TSP,

V995554000000 80R0000%,
SHAAASRAANA,

V‘V\\\"s$s\0s\\n\\n~n
SACF 3O AN AN

S \ s S
AN AL as A

16 ERIFHELZHANR

Fig.16 Braiding result of carbon fiber yarns
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Fig.17 Statistical results of physical experiment
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