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Research PrI口gra湛iII PI’叩ara60n and AppHcation ofPhotonic Crystals
Xiaoren LV·Bing Zhong·Yanfei Huang·Zlliguo Xing·Haidou Wang

Wjiling Guo·Xueting Chang·Zhinan Zhang

Abstract：Photonic crystals are periodic stnlctural materials that have an impact on

the propagation properties of photons．Due to their excellent optical，electrical and

magnetic properties，meir advantages and potential for印plications in me above

areas are gradually eme曙ing．Therefbre，an increasing number of researchers have

focused on photonic crystals．In this paper，the characteristics of bioIogical
photonic crystal stnJctures，such as those found in butterfly wings，sea mouse

bristles，peacock f色athers，melon jellyfish epidemal cells，and weeViI exoskeletons，
are described．The preparation methods of photonic crystals are systematicaIly

summarized(including the template method，selfaSsembly technology，elec仃on
beam eV印oration coating tecllnolo趴cheIIlical Vapor deposition tecllIlolo鼢
femtosecond laser t、vo-photon technology'spin coating technology'and a v撕e哆of

tecllIlology mixing)，and the characteristics，adV锄tages，and disadvantages of me

difrerent methods are compared．Funhemore，the development of photonic crystals
in me field of sensorS，solar cells，6lters，and in砌red stealth is discussed。

demonsn．ateing me great development potential ofphotonic crystals．It is concluded

chat the realization of photollic crystals with high precision，hi曲sensitiVi饥angle
independence，and la玛e—area llIlifoⅡn pr印aration is a key pmblem rcquiring u唱ent

solution．Moreover，photonic c珂stals have potential deVelopment pmspects in the

6elds of equipment stealth，new conc印t weapons，production，an daily life．
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MllI缸辩ak Th∞ries and AppHc娟。琳：FIⅥm Micms咖ctIIre D‘蛐驴to Macms∞pic
As鼹鹤m蛐t for Carl'蛐Nanotub鹤NetwOrl圆

Jiachao Ji．Yulin Jin·Anping Hua·ChuIl|Iua Zhu·JuIlllua Zhao

Abstract：Carbon nanonlbe((=NT)neMorl(s eIlable CNTs to be used aS buildillg

blocks for synmesizing novel advanced ma州als，Ⅱlus蛐g mU advantage of the
superior propenies of illdividlJal CNTs．Multiscale锄alVses have to be aI幻pfed to

stIldv tlle load咖sfbr mechaIlisms of I‘卜r11 networks f而m tlle atorIlic scale to llle
macroscopic scale due to ttle huge computational cost．Among tllem，mllV resolved

曲mctLlral features iIlclude me 2即pllitic honeycomb l撕ce(atomic)，iIlter．tllbe stackiIlg
(nano)and assembIv(meso)of CNTs．on an atomic scale，the eIastic pmpe椰es，

ultimale s仃esses．a11d failure s仃aills of iIldividual CNTs wim distinct chirali髓s a11d
僦i are obtained under vadous loadiIlg conditions by molecular mechaIlics．The
d印endence of the cohesive ene蝤es on spaciIlg distances，crossmg aIlgIes，size锄d
edge e丘bcts between two CNTb is analyzed mmu曲con血mum modcli|lg iIl naIloscale．

111e mesoscale modcls，w缸ch negkt tIle atorrIic s仇1cturcs of iIldivid岫l西瓜but
retaill geometrical infonm吐on about the shape of CNT§and their assembly int0 a

ne咖rk have been developed to studv tlle mul石一level mechamsm of nm蜘al
def．o】m僦ion and micros仃uc咖l evoluti叩in CNT Ilc撕orks under s骶tcllillg’丘啪
elastic elongation，s仃ImgtheniIlg to dmnage and failurc．T11is papcr sU帅mariZes the

multiscale meories mentioned dbove，which should provide iIlsight into the opti】mal

assembling ofCNT network materials fbr elevated mechaIlical perfb册aIlce．
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st娅ment Emsion on Pellon Turbin器：A Review

XinfengGe·Jie Sun·DongdongChu·JuanLiu·YeZhou·HuiZhang

Lei Zhang·Hui)(iang Chen·Kan Kan·MaXime Binama·YUan Zheng

Abstract：The Pelton turbine has been widely used to deVelop high—head water

resources with sediments because of its adVantages in 1if色cycle costs．When a flood

or monsoon season occurs． the sediment concen仃ation in the river increases

suddenly，causing seVere emsion to the nozzle，needle，and mnner of Pelton

turbines．ARer decades of development，researchers have developed practical

engineering experience to reduce the sediment concentration of the now through

the turbine and ensure the safe够and ef商ciency of power generation．Research on

the mechanism of sediment erosion，deVelopment of anti—emsion materials，and

establishment of erosion prediction models haVe attracted scholarly interest in

recent years．ExtensiVe research has been conducted to determine a complete and

Valuable syndication erosion model．HoweVer，owing to the complexity of the flow

and wear mechanisms，the innuence of specmc parameters of emsion and the

syndication ef诧ct is still difficult to dete肌ine．Computational nuid dynamics and

erosion monitoring techn0109y haVe also been eValuated and applied．This paper

presents a comprehensive review of the erosion of Pelton turbines，some of the

latest tecllIlical methods，and possible如ture development directions．
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Sm∞th Trajectory PlanIliIlg for a CabIe D巾en Par枷d w救Rehabmta旧on R0bot
Based on Rehabmta60n EvaIua60n Factors

Yhan Li·BinZi·Zhi Sun·PingZhao

Abstract：Rehabilitation robots can help physiatrists to assist patients in improving

their movement abili吼Due to the interaction between rehabilitation robots and

patients，the robots need to complete rehabilitation仃aining on a safe basis．This

paper presents an印proach for smooth tr旬ectoU plaIlIling for a cable一捌ven

parallel waist rehabilitation robot(CDPwRR)based on the rehabilitation

eValuation factors．First，motion capture technology is used to collect the motion

data of seVeral Volunteers in waist Misting．Considering the impact of motion

variabili吼the feature points at the center of the human pelvis are obtained aRer

eliminating unreasonable data through rationality judgments．Then，point—to—point
waist training tn巧ectory planning based on quintic polynomial and cycloid

mnctions，and multipoint waist training trajectory planning based on quintic

B-spline mnctions are carried out． The corresponding planned curves and

kinematics chamcteristics using three methods are compared and analyzed．

Subsequently， the rehdbilitation evaluation f．actors are introduced to conduct

smooth nIajectory planning for waist n．aining，and the waist trajectory with better

compliance is obtained based on the safet)，and feasibilit)r of waist motion．Finally，

the physical prototype of the CDPWRR is built，and the feasibility and

eff色ctiveness of the pmposed smooth trajectory plalllling method are pmved by
numerical analysis and experiments．
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A Re小血le L∞I‘-ah翰d T删∞tory PlanIIiIIg Methodolo斟for MumSm枷LiIIe

segm蚰tsPatlI

Sai zhang·xinjun Liu·Bingkai Yjn·Jie Bi·xiangdong Han

Abstract：When a robot is required to machine a complex curved workpiece with

high precision and speed，the tool path is typically dispersed into a series of points

and transmitted to the robot．The conVentionalcrajectory planning method requires

f}equent stans and stops at each dispersed point to complete the task．This method

nof only reduces precjsjon but also causes damage to the motors and robot．A

real-time look—ahead algorithm is pmposed in this paper to improve precision and

minimize damage．The proposed algorithm includes a path-smoothing algorithm，a

trajectory planning method， and a bidirectional scanning module． The

path-smoothing method inserts a quintic Bezier curve between small adjacent line

segments to achjeVe G‘contjnuit)，at fhe junctjons．The trajectoD，pJannjng

method utilizes a quartic polynomial and a double—quarcic polynomial that can

achieVe a constant Velocity at the Velocity limitation．The bidirectional scanning

module calculates me Velocity at each trajectory planning segmenI point，

simpli母ing calculation complexity and can be mn in real time．The feasibili哆of

the proposed algorithm is Verified throu曲simulations and experimenIs，which can

be run in real time．In addition，high machining precision can be achieved by

adjusting the relevant parameters．

(2023)36：77
D01：l 0．1 l 86博l 0()33．023—00899一

Task-Oriented T0p0IOgy System Synthesis 0f RecOnligurable Legged MObne

Lander Integrating ActiVe and PassiVe IⅥetamorphoses

Youcheng Han·Ziyue Li·GaohaIl Zhu·WjiZllong Guo·Jianzllong Yang·Wji Liu

Abstract：To explore hostile extmterrestriallandfonns and constmct an engineering

prototype，this paper presents the task-oriented topology system synthesis of

reconfigurable legged mobile lander(ReLML)with three operation modes f．rom

adjusting，landing，to mVing．compared with our preceding works，the adjusting

mode with three mtalions(3R)proVides a totally noVel exploration approach to

geome仃ically matching and securely arriVing at complex te玎ains dangerous to visit

currently；the landing mode is redefined by two mtations one translation(2RlT)，

identical with the tried—and—tested Ap0110 and Chang’E 1anders to enhance

suⅣiVability Via reasonable touchdown bu髓ring motion；roving mode also utilizes

2R1T motion for good motion and force properties．The reconfigurable mechanism

theory is 6rst bmught into synthesizing legged mobile lander inte伊ating active and

passiVe metamorphoses， composed of Mo types of metamorphic joints and

metamorphic executiOn and tr-ansmission mechanisms．Tb reveal metamorphic

princip】es with mu】tjp】e finite motions，the finjte screw theoW is deVeJoped to

present the procedure f而m unified mathematical representation，modes and source

phase deriVations，metamorphic joint and limb design，to final stlllcture assembl y．

To identi母the pmtotype topology，the 3D optimal selection matrix method is

proposed considering three operation modes， five evaluation criteria， and two

topological subsystems．Finally’simulation verifies the whole task implementation

process to ensure the reasonability ofdesign．
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General Kjnetostatic Modeling and Deformation Analysis Of a Two-Module

ROd-Driven COntinuum R0bot with FrictiOn Considered

Peiyi Wang·Xinhua Yang·Xiangyang Wang·Sheng Guo

Absn‘act： Continuum robots actuated by flexible rods have large potential

applications，such as detection and operation tasks in confined environments，since

the push and pull actuation of flexible rods withstand tension and compressive

f．0rce，and increase the snucture’s rigidity．In this pape r，a generaIized kinetosIaIics

model for multi-moduJe and multi-segment continuum robofs consjde—ng the efI’ect

of衔ction based on the Cosserat rod theorv is established．Then．the model is

applied to a two-module rod—driVen conCinuum robof with winding ropes Io analyze

its def．omation and load chamcteristics．Four diH．erenI in．plane conngurations

under the extemalload IeⅡ11 as S1，S2，C l，and C2 are defined Taking a bending

plane as an example，Ihe tip defbrmation along lhe工-axis of Ihese shapes is

simulaIed and compared，which shows Ihat the 10ad capacity of C l and C2 is

generally la唱er than that of S l and S2．Furthermore，the defomation experiments
and simulations show lhal the maximum errOr ratio without extemalloads reIative

to fhe fotaJ 1eng￡h is no more lhan 3％，and il is no more than 4．7％under the

extemalload．The esIablished kinetoslaIics modelis Droven sumcient to accuraCelv

analyze the md．driven continuum robot with the consideration of intemal friction．
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An AdaptiVe Hand Exoskeleton for Teleoperation System

W萌wei·Bangda zhou·Bingfbi Fan·Mingyu Du·Guanjun Bao·Shibo Cai

Abstract：Teleoperation can assist people tO complete various con】plex tasks jn

inaccessible or high—risk envimnments，in which a wearable hand exoskeleton is

one of the key devices．Adequate adaptabi“ty would be available to enabIe the

master hand exoskeleton to capture the motion of human nngers and reproduce the

contact fbrce bet、Veen the slaVe hand and its obOect．This paper presents a novel

疗nger exoskeleton based on the cascading fbur一1ink closed—loop kinematic chain．

Each finger has an independent closed—loop kinematic chain，and the angle sensors

are used to obtain the finger motion including the nexion／extension and the

adductioIl／abduction．The cable tension is changed by the servo motor to transmit

the contact force to the 6ngers in real time．Based on the nn2er exoskeleton，an

adaptiVe hand exoskeIeton is consequentIy developed． In addition， the hand

exoskeleton is tested in a maste卜slave system．The experiment results show that the

adaptive hand exoskeleton can be wom without any mechanical constraints，and the

slave hand can f．ollow the motions of each human fingeL The accuracv and the

real—time capability of the f‘orce reproduction are validated．The proposed adaptive

hand exoskeleton can be employed as the master hand to remotely contml the

humanoid fiVe一行ngered dexterous slave hand， thus， enabling the teleoperation

system to complete compleX dexterous manipulation tasks．
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Glass Recognition and Map Optimization Method for Mobile Robot Based on

BOundary Guidance

Yong Tao·HeGao‘Yufangwen·LianDuan·Jian加o Lan

Abstract：Cun．ent research on autonomous mobile robots focuses primarily on

perceptual accuracy and autonomous perfbmance．In commercial and domesIic

constmctions，concrete，wood，and 91ass are typically used． Laser and Visual

mapping or planning algorithms are highly accurate in mapping wood panels and
Ⅷ，p№n¨一m·

concrete walls．HoweVer’indoor and outdoor glass cunain walls may fail to

perceiVe these transparent materials．In this study'a noVel indoor glass recognition

and map optimization method based on boundary guidance is proposed．First，the

status of glass recognition techniques is analyzed comprehensiVely．Next，a glass

image segmentation net、Vork based on boundary data guidance and the optimization

of a planning map based on depth repair are proposed．Finally，map optimization

and path·planning lests are conducted and compared using diHjrenI algorilhms．

The results conflrm the faVorable adaptabili哆of the proposed melhod Io indoor

transparent plates and glass cunain walls． Using Ihe proposed meIhod，Ihe

recognition accuracy of a public test set increases to 94．1％．ARer adding the

planning map，incorrect coVerage redundancies for t、^，o test scenes reduce by

59．84％and 55．7％．Herein，a glass recognition and map optimization method is

proposed that of诧rs sufncient capacity in perceiVing indoor glass materials and

recognizing indoor no-entry regiOns．
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A CIosed-Loop Dynamic ControlIer for ActiVe Vibration lsolation Workjng on

A ParaUel Wheel-Legged Robot

Fei Guo·Shoukun Wjng·Daohe Liu·Junzheng Wang

Abstract：Serving the Stewart mechanism as a wheel—legged stmcture，the most

outstanding superiority of the proposed wheel一legged hybrid robot(WLHR)is the
active vibration isolation mnction during r01ling on nJ29ed terrain．However’it is

di币cult to obtain its precise dVnamic model，because of the nonlineari“and

uncertainty of the heavy robot．This paper presents a dynamic contml fhmework

with a decentra】ized structure for single wheel．】e g，posj cjon tracking based on

model predictive control(MPC)and adaptive impedance module from inside to

outside．Tllrough the Ne叭on．Euler dynamic model ofthe Stewart mechanism，the
controller flrst creates a predictive model by combining Ne、vton．Raphson iteration
of fonvard kinematic and inverse kinematic calculation of Stewan．The actuatin￡

force naturally enables each stmt to stretch and retract，thereby realizing six

degrees．of-freedom (6．DOFs) position．tracking for Stewart wheel．1eg． The

adaptive impedance control in the oute咖ost 100p adjusts environmental impedance
parameters bV current position and force feedback of wheel．1eg along Z-aXis．This

adiusnnent allows the mbot to adequatelv contml the desired suppon force

tracking'isolating the mbot bodV行om vibration that is generated from unknown

terrain． The availability of the proposed control method0109y on a physical

prototype is demons廿ated by tracking a Bezier curve and active vibration is01ation

while me robol is rolling on decelemte strips．Bv comparing the proponional and

inlegral (PI) and constant impedance controllers， better perfo肿ance of the

pmposed algorithm was opemted and evaluated thmugh displacement and force

sensors intemallv—installed in each cylinder’as well as an inenial measurement unit

(IMU)mounced on the robot body．The pmposed algo“thm structure signiflcantly

enhances the conn．ol accuracV and vibmtion isolation capacit、r of parallel

wheel—legged robot．
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NuBot：A Magnetic Adhesion R0bot with PassiVe Suspension t0 Inspect the

Steel Lining

Hao Xu·Ybucheng Han·Mingda He·Yinghui Li·Weizhong Guo

Abstract：The steel lining of huge facilities is a signi矗cant stTlJcture，which

experiences extreme environments and needs to be inspected periodically aRer

manufacture．HoweVer，due to the complexity(crisscross welds，curved surface，

etc．)of their inside enVironments，high demands for stable adhesion and curVature

adaptability are puI fonVard．This paper presents a noVel wheeled magnetic

adhesion robot wiCh passiVe suspension applied in nuclear power conCainment

called NuBot，and mainly focuses on lhe f01lowing aspects：(1)proposing Ihe

wheeled locomotion suspension to adapI the robot to the uneVen surfjce；(2)

implementing the parameter optimization of NuBot．A comprehensiVe opCimization

model is established，and global optimal dimensions are properly chosen f}om

perfbnnance atlases； (3) detennining the nonllalization factor and actual

dimensional parameters by constraints of the steellining environment；(4)structLIre

design of the overall robot and the magnetic wheels are completed．Experiments

show that the robot can achieVe precise locomotion on both strong and weak

magnetic walls with Various inclination angles，and can stably cmss the 5 mm weld

seam．Besides，ils maximum payload capacity reaches 3．6 kg．Results show Ihat the

NuBot designed by the pmposed systematic method has good comprehensiVe

capabilities of surface-adaptabili吼adhesion stabili吼and payload．Besides，the

mbot can be applied in more ferromagnetic environments and the des培n method

offers guidance for similar wheeled robots with passiVe suspension．
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A Wire—Driven Series Elastic Mechanism Based on UltrasOnic Motor for

Wal“ng AssistiVe System

Weihao Ren·Hiroki Yoshioka·Lin Yang·Takeshi Morita

Abstract：In order to improve the elderly people’s quality of life，supponing their

walking behaviors is a promising technology．Therefbre，based on one ultrasonic

motor'a wire—driven series elastic mechanism for walking assistive sysIem is

proposed and inVestigated in this research．In contrast to trad“ion，it innovatively

utiIizes an ultrasonic nlotor and a wire—d“ven series elastic mechanism to achieve

superior system perfomlances in aspects of simple stmcture，hi曲torque／wei曲t

ratio，quiet operation，quick response，favorable electromagnetic compatibili吼

strong shock resistance，better safety，and accurately stabIe force contr01．The

proposed device is mainly composed of an ultrasonic moto r’a 1inear spring，a steel

wire，four pulleys and one rotating part．Tb overcome the ultrasonic motor’s

insu币cient output torque，a steel wire and pulleys are smanly combined to directly

magni匆the torque instead of using a conventional gear reduceL Among the

pulleys，there is one tailored pulley playing an imponant role to keep the reduction

ratio as 4．5 constantly．Meanwhile，the proto哆pe is manufactured and its actuaI

perfbnnance is ve rified by experimental results．In a one-second operating cycle，it

only takes 86 ms for this mechanism to output an assistive torque of 1．6 N。m．At

this torque，the ultrasonic motor’s speed is around 4．1 rad／s．Moreover'experiments

wjth diH’erent operation periods haVe been conducted f．or difj’erent application

scenarios．This study proVides a usefUl idea f’or the applicatjon of ultrasonic motor

in walking assistance system．
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H岫anⅦuaI Atten60n MechaIlism山spired PO．mt-and-Line Stere0Ⅶ删

Odom哪for En、ironments with Uneven Dish协uted FeatII凇
Chang wjng·Jianhua zhang·Yan zhao·Youjie zhou·Jincheng Jiang
Abstract：visual odometry is critical in Visual simultaneous localizalion and

mapping for robot naVigation．HoweVer’the pose estimation pe响rmance of most

current Visual odometD，algo^thms de乒ades in scenes with uneVenly distributed

features because dense features occupy excessiVe weight．Herein，a new human

Visual atIention mechanism for poinI—and-line stereo Visual odometry，which is

called point-line—weight—mechanism Visual odome仃y(PLWM—V0)，is pmposed to

describe scene features in a global and balanced manne r．A we培ht-adaptiVe model

based on region partition and region growth is generated for the human Visual

attention mechanism，where sufncient attention is assigned to position．distinctive

objects(sparse features in che enVim啪enc)．Furthermore，lhe sum of absolute
di仃erences algorithm is used to improVe the accuracy of initialization for line

features．Compared with the state-of-the-an method(0RB-V0)，PLWM—VO show

a 36．79％reduction in the absolute trajectory error on the Kim and Euroc datasets．

Although the time consumption of PI WM—V0 is higher than thal of 0RB—V0，

online test results indicate that PLWM．V0 satisfies the real．time demand．The

proposed algorithm not only signifjcantly pmmoles lhe enVimnmenIaI adaptability

of visual odomeny，but also quantitaIively demonscrates the superiority of the

human visual attention mechanism．

Intelligent Manufacturing Technology
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D鹤咖of mear F岫c如nal N伽circ咖Gear、vith H蛐Contact Ra廿o Used iIl
C伽铀uousb Vanable Tr柚sIIli鹤ion

Yanan Hu·chao Lin·chunjiang He·Yongquan Yu·zhiqin cai

Abstract：Continuously variable cransmission(CVT)of noncircular gearhas the

technical adVantages of la唱e bearing c叩acit)，and high cransmission efficiency．

The key technology Of CVT with noncircular gearhas been broken lhmugh some

countries，and is in the stage of deep applicaIion research．Although the

characteristics and design methods of noncircular gear pairs haVe been

continuously studied in China，the noncircular gear CVT is still in the preliminary

eXploration and research stage．The 1inear functional noncircular gear pair，whose

transmission ratio is a linear如nction in the working section，to realize continuously

variable transmission was the research object in this paper．According to the

required仃ansmission ratio in the working section，the transmission ratio function in

the non—working section was constructed by using a polynomial_And then the

innuence of pitch cuⅣe parameters in the working section on which in the

non．wOrking section was also analyzed Io oblain the pitch curve suitable for

transmission of this gear pai r．In addition，for impmVing Ihe sIability and bearing

capacity of gear仃ansmission，the noncircular gear pair transmission with high

contact ratio was designed．Furthemore，the accurate value of the contact tooth

length was calculated based on the gear principle and the characteristics of the

involute tooth profile，from this the contact tooth len酉h error was calculated by

comparing the accurate Value with its acnlal Value obtained by the roUing

experiment．Finally’an indirect method to veri母the contact ratio by detecting the

contact length error of the tooth profile was proposed．

川幽g

CONTENTS
VoI．36，No．3，June，2023

帅raton黑簌———1了———丁
萝
(c)

t=I，4F

^23／4w

t 25／4Ⅱ

^57／4w

t=9／4w

～”Ⅲ鼬黔1薯I酬∞一

万方数据



CONTENTS
VOI．36，N0．3，June，2023

．20

'

富 茸
'

‘9J，n ¨4lI ‘吼4柚 甜，S酶 6-j60

jmc“

(2023)36：5’7

DOI：10．1186／s10033．023—00887．5

Expe曲明taI Stud)r on T妇Ilium Alloy Cutti呜Pmperty and W姐r Mechanism w汕
CillclIlar-arc M[imng Cutters

Tao Chen·Jiaqiang Liu·Gang Liu·Hui Xiao·Chunhui Li·Xianli Liu

Abstract：Titanium alloy has been applied in the field of aerospace manuf'acIuring

for its high specific stI-en舀h and hardness．Nonetheless，Ihese pmpenies also cause

general pmblems in the machining，such aS pmcessing inefnciency，serious wea r’

poor workpiece face quali吼etc．Aiming at the aboVe problems，this paper carried

out a comparatiVe expe“mental study on titanium alloy milling based on Che

CAMC and BEMC．The variation law ofcutting force and wear morphology of the

two tools were obtained．and the wear mechanism and the en、ect of wear on

machining quality were analyzed．The conclusion is thac in contrast wiIh BEMC，

under the action of cuning thicl(11ess thinning mechanism，the force of CAMC was

less．and its nuctuation was more stable．The flank wear was unif．orm and near lhe

cutting edge，and the wear rate was sloweL In the early period，the wear mechanism

of CAMC was mainly adhesion．GraduaIly，oxidatiVe wear also occurred with

milling．Funhermore，the surf．ace residual height of CAMC was lower．There is no

obvious peak and仃ou曲accompanied by fewer su—’ace defects．

(2023)36：69

DOI：1 0．1l 86／s1()()33．023．O()900，x

A皿Owance Exhllctjon C0nside血g ofI衄er and Outer Contour and ExpeI。imentaJ

R醐rch蛐Bdt G血diIlg ofHollow B叫e
Yun Huang·Ming wei·Guijian xiao·Shuai Liu·Yuan wu

Abstract：Aem·engine fan blades oRen use a caVity stnlcture to improVe the

thrust-to·weight raIio of the aircmR．HoweVer'the use of the caVity stmcture brings

a series ofdi币culties to the manuf’acturing and processing of the blades．Due to the

limitation of blade manufacturing technology'it is difncult for the intemal cavity

snlJcture to achieVe the designed contour sh叩e，so the blade has uneven wall

thickness and poor consistency，which affects the fatigue perfomance and airflow

dynamic perfo肿ance of the blade．In order to reduce the influence of uneven wall

thickness，this paper proposes a grinding allowance ex仃acCion method considering

the double dimension constraints(DDC)of the inner and outer contours of the

hollow blade．Constrain the t、vo dimensions of the inner and outer contours of the

hollow blade．0n the premise of satis母ing the outer contour constraints，the

machining model of the blade is modined according to the distribution of the inwall

contour to obtain a more reasonable distribution of the grinding allowance．0n the

premise of satis匆ing the contour constraints，according to the distribution of the

inwall contour’the machining model of the blade is modified to obtain a more

reasonable distribution of the grinding allowance．Through the grinding experiment

of the hollow blade，the surf．ace roughness is below Ra0．4}吼，and the contour

accuracy is bet、Veen一0．05～0．14 mm，which meets the processing requirements．

Compared with the allowance extraction method that only considers the contour，

the problem of poor wall thickness consistency can be efrectiVely improVed．It can

be used to extract the allowance of aero—engine blades with hollow features，which

lays a f'oundation fbr the study of hollow blade grinding methods with high service

Derf．onnance．
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Generation and Evolution of Ca“tation Bubbles iIl Volume Altemate Cavita60n

(VAC)

Shangshuang Chen·Yun Wang·Fuzhu Li·Shenwei Xue·Zhenying Xu·

ChaoYu·KunZhang

Abstract：CaVICallOn generatlOn melhOds haVe been used In mulIlfarlous dlrecllons

because of their diVersity，and numerous studies and discussions haVe been

conducted on caVitation generaIion methods．This study aims to explore the

generating mechanism and eVolution law of Volume altemate caVitaIion(VAC)．In

the VAC，liquid water is placed in an airtight conlainer with a Variable Volume．As

the Volume altemately changes，lhe liquid waIer inside the container continues to

caViCate．Then，lhe mixture turbulence model and in-cylinder dynamic grid model

are adopted to conduct computational nuid dynamics simulation of Volume

allemate caVitation．In Ihe simulaIion，the cloud images at seVen heights on the

central axis are monitored，and the phenomenon and mechanism of height and

eccentricity are analyzed in deIail．By employing the caVitation flow Visualization

melhod，the generating mechanism and eVOlution law of cavitation are reVealed．

The synergistic e低cts of eXperiments and high—speed c眦era capturing connm
lhe correctness of the simulation results．In the experiment，the Volume change

stmke of the aini曲t container is set to 20 mm，the Volume change f沱quency is l 8

Hz，and the shooIing f}equency of the high-speed camera is set to l 0000 FPS．The

experimental results indicaIe that Ihe position of Ihe caVitation phenomenon has a

reasonable law during the whole eVolution cycle of the caVitation cloud．Also，the

volume altemation cycle corresponds lo the generaIion，deVelopmenl，and collapse

stages of caViIation bubbles．
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Ibbust Damage Detec廿0n and LOcalization Under C0mplex EnVironmental

Condnions Using singIllarⅧue Decomposidon-based№咖re Extraction and
One_dim蛐siOnal COnvOIu廿Onal NeuraJ Network

Shengkang Zong·Sheng Wjng·Zhitao Luo·XinkaiⅥ，u·Hui Zhang·Zhonghua Ni

Abstract：Ultrasonic guided wave is an anractiVe monitoring lechnique for

large．scale stnJctlJ】．es but is vulnerable to changes in environmental and operational

conditions(EOC)，which are inevitable in the nonnal inspection of civil and

mechanical stmctures．This p叩er thus presents a robust guided waVe-based method

for damage detection and 10calization under complex enVironmental conditions by

singular value decomposition-based feature extraclion and one．dimensional

convolutional neural network(1 D-CNN)．Aner singular Value decomposition—based

feature extraction processing，a temporal robusI damage index(TRDI)is extracted，

and the e仃色ct of EOCs is well removed．Hence，even fIor the signals with a very

la略e temperature—varying range and low signal—to—noise ratios(SNRs)，the 6nal

damage delection and 10calization accuracy retain perfecI l 00％．Verifications are

conducted on two diH．erent experimental datasets．The nrst dataset consists of

guided wave signals collected行om a thin aluminum plate with anificial noises，and

the second is a publicly available experimental dataset of guided waVe signals

acquired on a composite plate with a temperature ranging from 20℃to 60℃．It is

demonstrated that the proposed method can detect and localize the damage

accurately and rapidly，showing great potential fbr application in complex and

1mknown EOC
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Spacecraft Pose Estimation Based on Difl『erent Camera Models

Lidong Mo·Naiming Qi·Zhenqing Zhao

Abstract：SpacecraR pose estimation is an important technology to maintain or

change the spacecraft orientation in space．For spacecraft pose estimation，when

two spacecraR are relatiVely distant，the depth infomation of the space point is less

than that of the measuring distance，so the camera model can be seen as a weak

perspective pnojection model．In this paper，a spacecraR pose estimation algoriIhIn

based on four symmetrical points of the spacecmR oulline is proposed．The

anal”ical solution of the spacecraR pose is obtained by s01Ving Ihe weak

perspectiVe projection model，which can satis母the requiremenIs of the

measurement model when the measurement distance is long．The optimal solution

is obtained f}om the weak perspectiVe pnDjection model to the perspectiVe

projection model， which can meet the measurement requiremenls when lhe

measuring distance is small．The simulation results show that the proposed

algoritllITl can obtain better results，even though the noise is la唱e．

(2023)36：‘70

D()I：1 0 l】86，s l 0033—023．00888—4

ComparatiVe Study of the Rock-breaking Mechanism of a Disc Cutter and

Wedge T00th Cutter by Discrete Element MOdelling

Hua Jiang·Huiyan Zhao·Xiaoyan Zhang·Yusheng Jiang·Yao向Zheng

Abstract： The operation of a shield tunnel boring machine(TBM) in a

high—strength hard rock stratlJln results in significant culter d锄age，adVersely

afl’ecting the thrust and torque of the cutter head．Therefore，it is Very important to

carry out the research on the s仃ess characteristics and optimize the cuner

parameters of cutters break high—strength hard rock．In this paper，the rock—breaking

performance of cutters in an andesite s仃amm in the tunnel of Qingdao Men．o Line

No．8 was investigated using the discrete element method and theoretical analysis．

The rock—breaking processes of a disc cunerand wedge tooth cutter were simulated

by so脚are particle flow code PFC3D，and the rock—breaking degree，stress of the

cutter’and rock—breaking specific ene唱y were analyzed．The rock damage caused

by the cutter in a specific section was divided into three stages：the adVanced

influence，crushing，and stab订izing stages． The rock-breaking degree and the

tangential and normal forces of the wedge tooth cutter are larger than that of the

disc cutter under the same conditions．The disc cutter(wedge tooth cutter)has the

highest rock．breaking emciency at a cuner spacing of 1 oo mm(110 mm)and a

penetration depth of 8 mm(1 O mm)，and the rock—breaking specific ene娼y is l 1．48

MJ／m3(12．05 MJ／m3)．Therefore，帆o types of cutters with difrerent penetration

depths or cutter spacing should be considered．The number of teeth ofwedge tooth

cutters can be increased in hard strata to improve the rock_breaking e币ciency of

the shield．The research results provide a reference for shield cutterhead selection

and cutterlayout in similar projects．
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AdVanced Transportation Equipment
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Crack G姗曲Rate Modd Denved劬m D0mailI l(IIowledg∞喇ed SyIIlb0Ⅱc
Re卿ion
Shuwei Zhou·Bing Yang·Shoune Xiao·Guangwu Yang·Tao Zhu

Abstract：Machine leaming(ML)has powerml nonlinear processing and

mulliVariate leaming capabilities，so it has been widely utilised in Che fatigue field．

However'most ML methods are inexplicable black-box models IhaC are dimcull to

apply in engineering practice．Symbolic re酽ession(SR)is an interpreIable machine

leaming method for detemlining the optimal fitting equation for datasets．In this

stud弘domain knowledge-guided SR was used to detemine a new fatigue cmck

growth(FCG)rate model．Three tenns of the variable subtree of似，尺一ratio，and

△‰were obtained by analysing eight traditional semi—empirical FCG rate models．

Based on the FCG rate test data from other literature．the SR model was

constmcted using Al一7055-T75 11．It was subsequently extended to other alloys

(Ti·1 0v-2Fe-3Al，Ti-6Al-4v’Cr-Mo-v’LC9cs，Al一60 l 3-T65 1，and A1-2324-T3)

using multiple 1inear regression．Compared with the three semi-empirical FCG rate

models，the SR model yielded higher prediction accuracy．This result demonstrates

the potential of domain lmowledge-guided SR for building the FCG raIe model．

【2023)36：82

DOI：10．1186／s10033．023．00891．9

E眦嚼心椭g and PIln咖ali够C哪biIIed Vek时PlanIIiIIgfor the
Aut0舯瑚us-Rail Rapid Tram硫h Enhanced P∞udos脚I Memod
Jinxjangw抽g·Don鲫ngHaIl·Yon自u11Y抽·NengLiu·Ningsull·Guodong‰
Abstract：Autonomous-rail rapid transit(ART)is a new medium-capacity rapid

transportation system with punctuali吼comfon and conVenience，but low·cost

constlllction．Combined Velocity planning is a critical approach to meet the

requirements of energy—saving and punctuali哆．An ART Velocity pre-planning and

re-planning stmtegy based on the combination of punctuality dynamic

programming(PDP)and pseudospectral(PS)method is proposed in this pape r-

Firstly'me longitudinal dynamics model of ART is established by a multi-panicle

model．Secondly，the PDP algorithm with 910bal optimal characterisCics is adopted

as the pre—plaruling strategy．A model for determining the number of collocation

points of me real-time PS method is pmposed to improVe the ene唱y-saVing effbct

while ensuring computation emciency．Then the enhanced PS method is utilized to

design me Velocity re-planning strategy．Finany，simulations are conducted in the

typical scenario with sloping roads，traffic lights，and intlllsion of the pedestrian．

The simulation results indicate that the ART with the proposed velocity trajectoDr

optimization strategy can meet the punctuality requirement，and obtain better

economy efficiency compared with the punctuality green light optimal speed

advisory(PGLOSA)．

众掣冷
。r)。＼、—／

CONTENTS
VoI．36，No．3，June，2023

叫

．_1苎

Ⅲ

●∽

吨鑫．+

、!f||{
疋搬舻蚁

[垆一

万方数据



CONTENTS
V01．36，No．3，June，2023

理叠蜓彦

Risk Assessment

卜虬J。=“妯“驯。嚣D”口" ‰k 。■1茸乍藕—1

冈哪一沛⋯岫 带j、
I啊----D^npr ‰k 。

Smart Materials

(2023)36：80

D0l：10．11 86／s10033—023．00904．7

A CombiIled Reinforcement L姐m．mg and

Ca卜F0Ⅱ佣，iIlg M锄euver OfAutonOmous Vellicl髑

Liwen wang·Shuo Yang·Kang YUan·Yjnjun Huang·Hong Chen

Abstract：Model predictiVe contml is widely used in the design of autonomous

driVing algorithms．HoweVer，its parameters are sensitive to dynamically varying

driVing conditions，making it difficult to be implemented into practice．As a result，

this study presents a self-leaming algorithm based on reinforcement leaming Io

nlne a model predictiVe controller．Specifically，the proposed algorithm is used to

extT．act features of dynamic tra衢c scenes and adjust the weight coe币cients ofche

model predictiVe conn．olle r．In this method，a risk thresh01d model is proposed to

classi母the risk leVel of the scenes based on the scene features，and aid in the

design of the reinforcement leaming reward mnction and ultimately improve Ihe

adaptability of the model predictive con仃oller to real-world scenarios．The

proposed algorithm is compared to a pure model predictive controller in

ca卜following case． According to the results， the proposed method enables

autonomous Vehicles to adjust the priority of perfoHllance indices reasonably in

diff．erent scenarios according to risk Variations， showing a good scenario

adaptability with safety guaranteed．
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Shape Memory PoIymer Com叫te B∞ms winl AppⅡc蚵伽s iIl R∞l-Type刚ar
An．ays

Hong xiao·Sijie wu·Dongdong xie·Hongwei Guo·Li Ma·Yuxuan wei·

Rongqiang Liu

Abstract：Solar arrays are the primary energy source for spacecraR．Althou曲

traditional rigid solar arrays improVe power supply， the quality increases

proponionally．Hence，it is di衔cult to satis母the requirements of high·power and

low—cost space applications．In this study，a shape—memory polymer composite

(SMPC)boom was designed，f．abricated，and characterized for nexible reel一type

solar an-ays． The SMPC boom was fabricated from a smart material， a

shape—memory polymer composite，whose mechanical propenies were tested．

Add“ionally，a mathematical model of the bending sti疏ess of the SMPC boom

was deVeIoped，and the bending and buck“ng behaviors of the boom were f．urther

analyzed using the ABAQUS software．An SMPC boom was f曲ricated to

demons仃ate its shape memory characteristics，aIld the driving force of the booms

with Varying geometric parameters was inVestigated．We also designed and

manufactured a reel-type solar arTay based on an SMPC boom and verified its

self-deployment capability．The results indicated that the SMPC boom can be used

as a deployable unit to roll out nexible s01ar amys，
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E仃缸of Illi6al M№rostlmctIlre Pmr to Extmsion on the Microst川ctIIre and

Mechanical Properlj鹤of ExtmdedAz80 AUoy wiIh a Low TemperatIlre and a Lc唧

Ra舶

Hang Zhang·Haipeng Li·Rongguang Li·Boshu Liu·Ruizhi Wu·

D0ngyue Zhao·Shanshan Li

Abstract：Magnesium(Mg)alloys are the lightesI metal structural materiaI for

engineering applications and therefore have a wide markel of applications．

HoweVer，compared to steel and aluminum alloys，Mg alloys haVe lower

mechanical pmpercies，which greatly limits their applicalion．Extmsion is one of

the most important processing methods for Mg and its alloys．HoweVer，the efrect

of such a hetemgeneous microstructure achieVed at low temperatures on the

mechanical properties is lacking inVestigation．In this work，commercial AZ80

alloys wifh dif＆rent initia】mjcroscllJctures(as-casc and as-homogenjzed)were

selected and eXtmded at a low extmsion temperature of 220。C and a 10w extrusion

ratio of4．The microstructure and mechanical propenies oflhe t、vo extruded AZ80

a110ys were inVestigated．The resulIs show that homogenized-extruded(HE)sample

eXhibits higher sIrength than the cast-ex仃uded(CE)sample，which is mainly

attributed to the high number density of fine dynamic precipitates and Che high

fhction of recrystallized ultrafine grains．Compared lo the coarse compounds

existing in CE sample，the nne dynamical precipitaIes of Mgl7(AI，zn)12 fornl in

the HE sample can effectiVely promote the dynamical recrystalIizalion during

extrusion，while they exhibit a similar effect on the size and orientation ofthe

recrystallized grains．These results can facilitate Ihe designing of high—strength

wrou曲t magnesium alloys by rational microstructure constmction．
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