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Abstract

In order to address the problem of transition slip between the cylindrical segment and the
ellipsoidal head segment of the carbon/carbon composite crucible preform with
asymmetrical structure during the winding process, a winding pattern combining geodesic
and non-geodesic is presented innovatively. Firstly, the formulae for the winding angle and
the winding central rotation angle of the crucible cylindrical segment and the ellipsoidal
head segment are established, and the fourth-order Runge-Kutta numerical method is
employed for parametrical design. The two-tangent point winding path is determined by
analyzing the effect of the cylindrical segment’s winding pitch, different ellipsoidal head
segment heights, and slip coefficient on the winding angle. Secondly, the needle disk
winding method is proposed to address the slight winding angle at the open end of the
cylinder, making it easier to hang the yarn. Finally, the experiment on dry yarn winding of
3k carbon fiber (linear density: 198 g/km) is carried out. The results indicate that the
relative error rate between the actual winding angle and the theoretical design angle
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Abstract

To address the issue of non-uniform fiber volume fraction between layers in the
compression compaction process of C/C soft-hard mixed preforms, a multi-unit variable
duration cyclic compression compaction process based on the inter-laminar fiber
compression viscoelastic deformation behavior is proposed. This process aims to
gradually eliminate the rebound characteristics of inter-laminar fibers and reduce the
error of inter-laminar fiber volume fraction. The mapping relationships between the
number of units, holding duration, and compaction times with the rebound height of
inter-laminar fibers are established using data fitting. The compression compaction
process is determined using the Box Behnken response surface design method, and digital
devices are utilized for preform compaction experiments. The micro-morphology of the
preform is observed using an optical microscope, and the density of inter-laminar fibers
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Design and Experimental Verification of Unilateral Double-needle
Double-thread Oscillating Stitching Trajectories

GAO Zigiao'"* DONG Jiuzhi'"* CHEN Yunjun® JIANG Xiuming'*
1.School of Mechanical Engineering, Tiangong University. Tianjin, 300387
2.Advanced Mechatronics Equipment Technology Tianjin Area Major Laboratory.
Tiangong University. Tianjin.300387
3.School of Electrical Engineering and Automation, Tiangong University. Tianjin, 300387

Abstract; Due to a thickness of more than 3 mm could not be sewed using the single-sided double-
needle double-thread stitching head insertion mechanism. an asymmetrical 8-shaped motion trajectory
was proposed and the motion trajectory of the needle insertion mechanisms was designed. Firstly. the
dimensions of various components of the oscillating insertion mechanisms were determined based on
the kinematic analysis of the single-sided double-needle double-thread stitching processes. Then. a
mechanism model was constructed in ADAMS and a trajectory analysis was performed. Finally. stitc-
hing experiments were conducted using the prototype. The results show that the designed stitching
mechanisms may increase the actual stitching thickness from less than 3 mm to 8 mm and form a sta-
ble loop during the stitching processes. confirming the reliability of the asymmetric 8-shaped stitching
technique and the oscillating insertion mechanisms.

Key words: single-sided double-needle double-thread stitching; trajectory design; design of oscil-
lating needle insertion mechanism; experimental verification
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Key technology for compaction and densification of micro-porous
plates made from 3-D four-directional carbon/carbon preforms

MEI Banlungt'z, DONG Jiuzh.il'2 YANG Tda JI M\G Xlummg REN Hnngqing“l
(1. School of Mechanical Engineering, Tiangong University, Tianjin 300387, Cﬁim; 2. Tianjin Key
Laboratory of Advanced Mechatronies Equipment Technology, Tiangong University, Tianjin 300387, China)

Abstract Aiming at the inconsistent density between layers of hand-woven 3-D four-directional carbon/
carbon composite preforms, the mapping relationship between carhon fiber laying height and fiber volume
content were established based on the prefabricated parts forming technology. Equal distance and density
"!i"ﬂ)-[)()r[)us I]lﬂiﬂﬁ were [lesigﬂﬂd, aﬂ‘] i)r“L‘(,’HSiﬂg lﬁ(:hl—liqu(’ ﬁuilﬂl‘le [l)[' mi['“l—}](lrﬂuﬂ E)la[ek was
established to ensure uniform density of the preforms. In order to ensure good fiber fluidity during the
compaction and densification process of the preforms, the fiber compression theory was applied and the
optimization of the structure for equal-distance and density micro-porous plates was carried to reduce the
porosily of the preform. Based on the control strategy of displacements-pressure double closed loop, a
digilﬂl (',Um[)a"ti“ﬂ (]H\'icff was |leVl?l(l[](f(l f()r ﬂﬂ’liﬂe (Eynﬂmi(: [:(]ﬂt[‘ﬂl “f Iht‘, l,]ff.‘fﬂr[n (lf‘nsily Hn‘l
nondestructive compaction to ensure the uniform density between the preform layers. Compaction
experiments of equal-distance and density micro-porous plates were carried oul to verify the [easibility of
the key ltf(:hnnlngy of compaction and densification process and the preforms were examined with an
industrial microscope. The results show that the uniformity of preforms compacted by the optimized equal-
distance and density micro-porous plates is better, with the preform porosity reduced by 50% compared 1o
the n(mf()piimisz preforms.

Keywords  preform; compaction density; equal-distance and density micro-porous plates; digital

compaction device; porosity
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Design and Experimental Study of a Flexible Winding Forming System for
Carbon Fiber Reinforced Carbon/Carbon Crucible Preform

WANG Zheng'® DONG Jiuzhi'?* CHEN Yunjun® JIANG Xiuming'**
1.8chool of Mechanical Engineering. Tiangong University, Tianjin, 300387
2.Advanced Mechatronics Equipment Technology Tianjin Area Major Laboratory, Tiangong
University. Tianjin. 300387
3.School of Control Science and Engineering. Tiangong University. Tianjin, 300387
Abstract: In order to solve the problems of product consistency and low production efficiency
caused by manually reinforced carbon/carbon crucible preforms. a flexible winding forming system of
carbon fiber reinforced crucible preform was proposed. The line type design process of crucible core die
for special rotary body structure with one end plane head and one end ellipsoid head was presented
based on the non-geodesic method. Each module and implementation method of computer aided line
type design were introduced, and the design line type was simulated. A special winding machine with
four degrees of freedom was designed according to the winding characteristics. The control system of
four-axis winding machine was designed based on programmable controller and touch screen. and the
winding tests were carried out. It is indicated that the winding machine runs stably and the fiber may
be wound continuously and stably on the surfaces of the core die. and the system may realize automat-
ic winding of carbon fiber reinforced carbon/carbon crucible preforms.
Key words: carbon/carbon preform; carbon fiber reinforced winding; non-geodesic; line type traj-
ectory; control system
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Modeling and response of variable longitudinal nonlinear vibration of
rapier belt driven by variable speed weft insertion patterns

YUAN Ruwang'*, CHE Yicheng'’
( 1. School of Mechanical Engineering, Tiangeng University, Tianjin 300387, China; 2. Tianjin Key Laboratory of Advanced
Mechatronics Equipment Technology , Tiangong University, Tianjin 300387, China)

Abstract This paper mainly studies the influence of the longitudinal vibration of the rapier belt driven
by different variable-speed weft insertion patterns on the welt insertion process. For designing a variable
speed wefl insertion pattern, a parametric modeling method of weft insertion based on cosine series was
proposed. In parallel, for the nonlinear dynamics of variable length and variable speed moving rapier belt
under the action of driving force, the forced vibration model of variable length rapier belt was established
based on the finite element method. The system mass, stiffness and damping terms were found to be
related to the length of rapier belt. The effects of weft insertion pattern on the motion characteristics,
longitudinal vibration and process of rapier belt under different acceleration parameters were analyzed.
The results show that the initial acceleration and pcak negative acceleration of rapier belt are the lury
parameters affecting the welt insertion process. The peak value of the speed and acceleration of the rapier
bt’ll, the time of Pnlering the shed and the p[eak value of the internal stress would decrease with the
increase of the initial acceleration. When the rapi&r belt holds the weft and enters the shtrd. the vibration
increases with the increase of the peak value of negative acceleration. Reasonable regulation of key
parameters can coordinate the process 1iming and dyrlami(', charaeteristics of ht?al—up, wefl insertion and
shedding.

Keywords rapier belt; longitudinal vibration; variable speed welt insertion; variable length; nonlinear
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Dynamic Analysis of Metamorphic =
Mechanisms with Impact Effects During
Configuration Transformation

Yang Zhou', Boyan Chang"?', Guoguang Jin'? and Zhimin Wang'
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Abstract

Metamorphic mechanisms have attracted considerable attention owing to their capability to switch their topol-

ogy to adapt to different operational tasks. One feature of topological change is the re-contact of different bodies,
which inevitably causes collisions affecting operation accuracy and service life. Consequently, in this study, a collision
incidence matrix was introduced to describe the topology of a system involved in collisions, and a method for reduc-
ing the closed-loop system to an open-loop system was proposed. The complex movement of the metamorphic
mechanism in a changing topology was classified into two different running stages of the source metamorphic
mechanism. Based on the relative coordinate method, dynamic modeling of the source metamorphic mechanism
considering the impact effects was conducted. Combining the classical collision theory and Newton—Euler equation,
the generated impact impulse and the motion after collision were determined. Subsequently, a dynamic analytical
method for the full configuration of metamorphic mechanisms was proposed to reflect the changes in the topologi-
cal structure in the dynamic model. Finally, two typical metamorphic mechanisms used in packaging and spinning
were considered as examples to verify the correctness and effectiveness of the proposed method, and their impact
characteristics during configuration transformation were analyzed. The proposed analytical method of internal impact
for a variable topology process provides effective theoretical guidance for the stability analysis of configuration trans-
formation and structural design aimed at minimizing impacts.

topology

1 Introduction

The concept of a metamorphic mechanism was first
proposed in 1998 in the study of decorative carton
folds [1] and has the advantage of switching its topol-
ogy structure to adapt to different working require-
ments compared to the traditional mechanism [2]. The
metamorphic mechanism used in practical engineering
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transforms its working configuration by restricting the
motion cycle of metamorphic joints that have specific
constraints, such as position, force, or a combination of
both [3, 4]. Research on metamorphic mechanisms has
focused on structural design [5-7], type synthesis [8—
10], and topological description [11-13]. After decades
of development, metamorphic mechanisms have been
widely used in industry and research applications, such
as bionic metamorphic mechanisms [14, 15], extend-
able or foldable mechanisms [16, 17], automated lay-
ing mechanisms [18, 19], scissor-shaped mechanisms
[20, 21], space metamorphic parallel mechanisms [22,
23], metamorphic manipulators [24, 25], and robot
mechanisms [26-28]. The proposal of metamorphic
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Of the nipper meChanlsm C0n5|der|ng icurna\s.szgepuh,cn:fhcmeljef
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jaw’s impacts

Boyan Chang'?, Yang Zhou''"”, Guoguang Jin'%, Dong Liang'?,
Fangxiao Han' and Zhimin Wang'

Abstract

The comber is very important in the spinning for high quality yarns, in which the nipper mechanism (NM) determines
the quality of the yarn it combs. This paper is to connect topology and multi-body dynamics to reveal the principle
of impact motion of the nipper mechanism. Firstly, the working process of the NM is analyzed and corresponding
kinematic models of work sub-phases are derived. Subsequently, the transition from the work phase of the jaw closed
to the opened is studied. The research results show that during the transformation process, the mechanism presented
another work phase with multiple impacts, which is the main reason why the NM could not stably clamp the cotton
clump and thus affect the quality of the yarn combed by the comber. According to the relative coordinate method, the
dynamic model of the NIM is set up. Combining the classical collision theory and the restitution coefficient equation, the
acquisition of the impact impulse generated at the jaw and the subsequent motion of the mechanism are decided. Finally,
the NM in the E62 comber is taken as an example to verify the correctness of the established dynamic model, and the
influences of different input speeds, restitution coefficients, and stiffness coefficients of spring on the jaw's impact are
studied. This has certain theoretical value for improving the speed and efficiency of the comber.

Keywords
Comber, nipper mechanism, Dynamic Modeling, impact dynamics, jaw's impact, Restitution coefficient
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Introduction combing mechanism, and cylinder mechanism, among
which the nipper system plays the most important role in
the combing process with achieving complex motion
including the jaw's opening-closing motion and the nip-
pers’ reciprocating swing motion. And meanwhile, the nip-
per mechanism (NM) in the system is the main part to
produce noise and vibration.’ Therefore, the research on it

With the rapid development of human society and the pro-
gress of science and technology, people’s living standards
continue to improve. The demand for high-grade textiles
and special textiles is increasingly large. Without the
combing process, it is difficult to meet the manufacturing
requirements of yarn below 9.7tex which is used in the
production of high-grade fabric and special fabric, such as
medical suture thread, tire cord thread, high-speed sewing i i L o i
5 1 : School of Mechanical Engineering, Tiangong University, Tianjin, China
thread, and embroidery thread.' Therefore, the comber is it g 4
: s < o Tianjin Key Laboratory of Advanced Mechatronics Equipment
the key equipment to produce yarn with high quality, in Technology, Tiangong University, Tianjin, China
which the short fiber, neps, and impurities could be i
: 3 Corresponding author:
removed and cotton fibers can be straightened.” N :
g & = Boyan Chang, School of Mechanical Engineering, Tiangong University,
Comber is mainly composed of five parts the nipper sys- 399 Binshui West Road, Xiging District, Tianjin 300387, China.
tem, separating roller mechanism, feeding mechanism, top Email: mmts_tjpu@ 126.com
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Geometric Design and Performance Analysis of Multi-closed-loop Deployable
Honeycomb Mechanisms with Thick Panels

CHANG Boyan"? GUAN Xin' JIN Guoguang'® LIANG Dong'*
1.School of Mechanical Engineering. Tiangong University. Tianjin.00387

2.Tianjin Key Laboratory of Advanced Mechatronics Equipment Technology. Tianjin.300387

Abstract: A new type of space mechanisms with single-closed-loop was proposed according to
thick-panel origami teory, and the mobility was analyzed by using screw theory. The degree of free-
dom of mechanism was reduced to 1 by the introduction of Myard constraint and Sarrus constraint,
and the corresponding deployable units were obtained with the names of Myard deployable honeycomb
unit and Sarrus deployable honeycomb unit. M-type honeycomb mechanism and S-type honeycomb
mechanism were proposed based on kinematic analysis and planar mosaic array of deployable honey-
comb units. The influence regularity of various factors on folding ratio was analyzed, and the deploy-
able honeycomb units were optimized with the rising of folding ratio index. The results show that M-
type honeycomb mechanism may achieve flat surface. and S-type honeycomb mechanism may achieve

higher folding ratio index.

Key words: deployable mechanism: honeycomb structure; Myard mechanism; Sarrus mecha-

nism; folding ratio
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Impact Dynamics of High-speed Metamorphic Mechanism for Comber

CHANG Boyan"? HAN Fangxiao' ZHOU Yang' JIN Guoguang"?
(1. School of Mechanical Engineering, Tiangong University, Tianjin 300387;
2. Tianjin Key Laboratory of Advanced Mechatronics Equipment Technology, Tianjin 300387)

Abstract; Comber is the key equipment to produce yarn with high quality and the development tendency of this kind of machine
is high speed. Nipper mechanism in comber is a typical constrained metamorphic mechanism and jaw impact force generated at the
time of configuration change has a negative effect on nipper opening-closing time and combed product property. Therefore, how to
effectively reduce the impact force by optimizing the parameters of nipper mechanism has become an important and chief research
topic which must be solved urgently. Firstly, the structure of Nipper mechanism with geometric and force constraints is analyzed and
dynamics models of each sub-configuration are established by using Lagrange equations. Secondly, it is proposed to connect
metamorphosis with topology and multi-body dynamics to reveal the principle of impact motion of metamorphic mechanism at the
time of changing configuration. A contact force with hysteresis damping factor is introduced as an external force to analyze the impact
process between nipper knife and nipper plate during configuration change. The result obtained is compared with impact impulse
method and virtual simulation to verify the effectiveness of models established. Finally, according to the study of impact dynamic
modeling and optimum design of nipper mechanism, important theoretical foundation will be provided for design of comber with high
efficiency and low energy consumption

Key words: metamorphic mechanism; nipper mechanism; configuration change; contact force: dynamics
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Multi-Scale Infrared Military Target
Detection Based on 3X-FPN Feature
Fusion Network
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: ABSTRACT To solve the problems of misdetection and omission of infrared military targets and poor
detection effect in battlefield environments, an improved YOLOv4 algorithm is proposed to improve the
accuracy of long-range target detection. First, a new 4th-scale feature extraction layer is introduced to
enhance the multi-scale detection sensitivity for infrared military targets. Second, the TL intermediate layer
channel is introduced to realize feature fusion across gradient connections, the 3X-FPN feature fusion
network structure is proposed, and the adaptive network parameters are adopted to realize the weighted
and balanced fusion of data to improve the target detection accuracy. Finally, the multi-scale detection loss
function is established and optimized to improve the model stability and convergence effect. The depth
separable convolution structure is adopted to realize the model’s lightweight. The experimental results of
vehicle class military target ablation show that the improved algorithm increases the detection accuracy
by 9.85% compared with the original algorithm, reduces the model volume by 36%, and its target detection
distance is up to 2000 m. The improved algorithm achieves a mean average precision (mAP) value of 93.25%
for multi-military target detection, which improves by 12.42% compared with the mainstream detection
algorithm and meets the current combat data acquisition and processing requirements.

INDEX TERMS 3X-FPN feature fusion network, long-range infrared military target detection, multi-scale
feature extraction, multi-scale loss function optimization, model lightweight.

L. INTRODUCTION

In complex battlefield environments, infrared target detection
is often used to realize multiple functions such as weaponry
fire strikes and coordinated operations. Accurately identify-
ing long-distance military targets [1], and accessing target
category and location information, can effectively enhance
the combat advantage and battlefield control ability. When
the military target is obscured by objects in battlefield
operations or a night environment, the real-time performance
of long-range military target detection is poor. Long-range
targets may have only a few pixels in the image, and the

The associate editor coordinating the review of this manuscript and

approving it for publication was Haidong Shao

shape and texture of which are easily covered by noise and
background [2], so the target recognition accuracy is not high.
Therefore, intelligent and efficient detection and accurate
recognition of remote infrared targets has become a hot
research topic in object detection [3].

Various methods are used for military targets. Chen et al.
[4] used a heuristic-based posterior probability active
learning method based on a random forest algorithm
and adversarial generative network for long-range military
targets, which solved the problem of insufficient sample
data but failed to improve recognition accuracy accordingly.
Dai et al. [5] improved the model speed by fusing a parallel
attention mechanism with a weighted feature network, which
demands expensive sample data and a high experimental

& 2023 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.
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Random error analysis of 6Dof-RUS parallel mechanism based on
weighted bias transfer network

DONG Guangyu'?, DU Yuhong'?, YANG Leicheng'?
(1. School of Mechanical Engineering, Tianjin 300387, China;
2. Key Laboratory of Advanced Mechatronics Equipment Technology, Tianjin 300387, China)

Abstract: For high-precision parallel mechanisms that have already completed machining and assembly, when
the operational accuracy does not meet design requirements, it is necessary to trace the sources of error and
only repair specific components to improve the mechanism's accuracy. The mapping between the single-point
laser rangefinder detection method and the random error model of the 6 degrees of freedom revolute-universal-
spherical (6Dof-RUS) parallel mechanism is studied. Firstly, the weighted deviation transfer network of 6Dof-
RUS parallel mechanism is constructed. Secondly, the mapping equation between light spots and the constraints
of planes in the camera coordinate system is established, and the structural parameter error is mapped to the
observable pose error of the moving platform by the Jacobian matrix of structural error. Finally, experimental
verification is carried out, and the experimental results show that the random errors can be quickly traced with
a limited number of measurements, which verifies the effectiveness and reliability of the proposed method. The
proposed method provides a reference for improving the accuracy of other topological configurations of parallel
mechanisms.

Key words: parallel mechanism; random error; error traceability; 6 degrees of freedom parallel mechanism
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Research progress in image segmentation and edge detection
methods for alien fibers detection in cotton

REN Weijfia"*, DU Yuhong"?, ZUO Hengli"*, YUAN Ruwang'?
(1. School of Mechanical Engneering .« Tiangong Universitvs Tianpn 300387, Chana;
2. Teanpn Key Laboratory of Advanced Mechatronas Equapment Techoology. Tiangn 300387, hama)

Abstract  In onder to further improve the detection efficiency for picking up alien fibers among cotton,
image processing methods for detecting alien fibers were reviewed. This paper analyzed the inaccurate
locations background blur and the influence of noise in edge detection methods, and stodied the edge
continuity and segmentation effect of different alien fibers in the image segmentation methods. The
common edge detection methods and image segmentation methods for alien fibers among cotton were
diseussed s wdvantages and limitations of various processing methods were analyzed, and the detection
methads applicable to various alien fibers were summarized, pointing cut the existing problems and
deficiencies in curvent practice. It is concluded that different image processing methods are corrently
applied to detect different types of alien fibers, and it is not possible to detect all types of alien fikers at
the same time. The paper highlighted that the suitable detection algorithms should be selected  and
combined according o the specific types, contents, physical characteristics of alien fibers to develop an
universal algorithm in order to reduce the cost and caleulstion burden.

Keywords alien fiber: image pre-processing ; u|gu‘. detection; image segmentaion | online st ion
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Abstract

Supervoxels serve as a more natural and compact representation of 3D point clouds,
allowing segmentation operations to be performed on regions rather than scattered
points. Most current supervoxel segmentation methods rely on random sampling of
representative seed points to generate supervoxels with fixed resolution. However,
when seed points fall on the object boundary, erroneous growth of supervoxels may
occur, leading to over-segmentation or under-segmentation issues. Additionally, the
fixed resolution cannot adapt to different scenes. To address the issues in the
concave-convex segmentation algorithm for supervoxels, this paper proposes a
multi-feature fusion segmentation method based on an energy function. First, ideal
seed points are selected based on the mean curvature of the local neighborhood.
Then, an energy function incorporating normal and color information is employed
to generate supervoxels and exchange boundary points. Finally, an entropy function
based on the dimensional feature information of the local neighborhood is con-
structed to assist in computing the normal vectors of the supervoxels. The experi-
mental results show that the generated supervoxels align more closely with object
boundaries and exhibit high robustness across different scenes. Among the three test
datasets, the segmentation method proposed in this paper outperforms other region-
growing methods in terms of precision, recall, and mean intersection over union.

Keywords Supervoxel - Energy minimization - Boundary exchange - Concave-
convex segmentation
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Research and modelling of fiber
deformation mechanism of 3D
four-direction preform under
compression loading

Baolong Mei
Xiuming Jiang

, Jiuzhi Dong, Hongging Ren, Jian Geng and

Abstract

In order to investigate further the compaction characteristics of the three-dimensional four-direction preform of
carbon/carbon composite, a model of three-dimensional four-direction numerical preform at the micro-scale was
established using the programming language in Python based on the ABAQUS simulation platform more realistically
to reflect the micro-structure of the preform. A model of three-dimensional fiber numerical growth was built to
describe the changes of fiber bundle cross-section under compressive load considering the random distribution, deflec-
tion, bending and the physical characteristics of fibers not penetrating each other in three-dimensional space. In addition
to exploring the characteristics of the fiber bundle compaction process in the inter-laminar dimension, the interaction
between laminated fibers of the preform was analyzed; the method of finite element was employed to construct a
compaction model of the three-dimensional four-direction preform; the deformation of inter-laminar fibers under
compressive load was studied by the numerical simulation method; the nonlinear mapping relationship between com-
pressive load and compaction height consistent with the preform compaction experiment was obtained. The results
demonstrated that the deflection coefficient of the numerical model was 0.32, which was most consistent with the actual
result.

Keywords
Three-dimensional four-direction preform, compaction
simulations

characteristics, micro-scale, finite element, numerical

The three-dimensional (3D) four-direction preform
adopts the moulding method of soft-hard mixing of
carbon fiber and carbon fiber rigid rod (hereinafter
referred to as carbon rod). The carbon rods are
arranged in a regular triangular equidistant arrange-
ment perpendicular to the horizontal plane. The
carbon fibers are stacked in layers in three directions
of 0°, 120°, and 240°, which are laid horizontally
between vertical carbon rods and preformed by a pres-
surized and dense process. Compression, as a crucial
process in the moulding process of the preform, directly
determines the moulding density of the preform and
affects its moulding quality. It can also establish a
micro-structure model that truly reflects the compac-
tion morphology of fibers of the preform while being of
great significance to the follow-up process design,
matrix penetration, and mechanical performance calcu-
lation and prediction.

As the fiber bundle is composed of multiple fibers,
the morphological change in each fiber leads to the
various forms of the fiber bundle, and the internal mes-
ostructure must be different in different states. At pre-
sent, the research on the microscopic structure model
of fiber assembly is mainly divided into a computer
simulation and numerical simulation methods. For
example, Wang and colleagues'* first proposed the “dig-
ital unit chain’ method, which was utilized to discretize
the yarn into digital node elements with a certain
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Abstract

A deep reinforcement Q learning algorithm (DRQN) based on radial neural network is proposed to
achieve path planning and obstacle avoidance for mobile robots in complex ground environments
with different types of obstacles, including static and dynamic obstacles. Firstly, the path planning
problem is represented as a partially-observed Markov decision process. Steering angle, running
characteristics, and other elements are introduced into the state-action decision space and the greedy
factor is dynamically adjusted using a simulated annealing algorithm, which improves the mobile
robot’s environment exploration and action selection accuracy. Secondly, the Q-learning algorithm is
improved by replacing the Q-table structure with an RBF neural network to enhance the
approximation ability of the algorithm’s function values, and the parameters of the implicit layer and
the weights between the implicit and the output layer are trained using the dynamic clustering and
least-mean methods respectively, which improves the convergence speed and enhances the ability of
mobile robots to handle large-scale computation. Lastly, the double reward mechanism is set up to
prevent the mobile robot from blind searching in unknown environments, which enhances the
learning ability and improves path planning safety and flexibility at the same time. Different types of
scenarios are set up for simulation experiments, and the results verified the superiority of the DQRN
algorithm. Taking the 30 * 30 complex scene as an example, using the DQRN algorithm for path
planning reduces the values of distance, turning angle, and planning time by 27.04%, 7.76%, and
28.05%, respectively, compared to the average values of Q-learning, optimized Q-learning, deep
Q-learning, and DDPG algorithms, which can effectively improve the path planning efficiency for
mobile robots in complex environments.

1. Introduction

With the rapid development of artificial intelligence technology, the environment-sensing ability and the degree
of unmanned autonomous control of mobile robots are constantly being improved [1]. Technological research
in unmanned aerial vehicles (UAV) and unmanned surface vehicles (USV) are more mature [2], and have been
widely used in terrain reconnaissance [3] and underwater exploration [4] missions in different environments.
Ground mobile robots are mostly used in indoor environments, such as logistics and warehousing [5], and
industrial production [6] environments, and partially applied to autonomous driving in outdoor structured
roads [7]. The research on ground mobile robot technology in complex environments needs to be improved.
Path planning is the way to complete tasks in complex environments for mobile robots, and it is necessary to
achieve an optimal collision-free path from the initial position point to the target position point based on
evaluation criteria such as traveling distance, number of turns, and planning time in obstacle environments.
Path planning methods can be divided into two categories based on environment information, location point
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Status of research on parametric
methods for the reconstruction
of 3D models of the human body
for virtual fitting
Wengian Feng and Xinrong Li
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Abstract

Purpose — This paper reviews the pros and cons of different parametric modeling methods, which can provide
a theoretical reference for parametric reconstruction of 3D human body models for virtual fitting.
Design/methodology/approach — In this study, we briefly analyze the mainstream datasets of models of the
human body used in the area to provide a foundation for parametric methods of such reconstruction. We then
analyze and compare parametric methods of reconstruction based on their use of the following forms of input
data: point cloud data, image contours, sizes of features and points representing the joints. Finally, we
summarize the advantages and problems of each method as well as the current challenges to the use of
parametric modeling in virtual fitting and the opportunities provided by it.

Findings — Considering the aspects of integrity and accurate of representations of the shape and posture of the
body, and the efficiency of the calculation of the requisite parameters, the reconstruction method of human
body by integrating orthogonal image contour morphological features, multifeature size constraints and joint
point positioning can better represent human body shape, posture and personalized feature size and has higher
research value.

Originality/value — This article obtains a research thinking for reconstructing a 3D model for virtual fitting
that is based on three kinds of data, which is helpful for establishing personalized and high-precision human
body models.

Keywords Virtual fitting, Parametric model reconstruction, Two-dimensional images, Feature size,
Joint points
Paper type Literature review

Introduction

The production and sale of clothing apparel have gradually become digitalized and intelligent
with the development of network technology. Virtual fitting technology plays an important
role in the clothing industry due to its characteristics of visualization and personalization.
It offers the intelligent fitting of clothing for customers so that they can select appropriate
styles and models of clothing, where this reduces the rate of return of items purchased
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