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Recent AdVances in S0ft Biological Tissue Manipulating Technologies

Zhihua Liu·Zh的ng Liao·Dong W抽g·Chengyong Whng·Chengli Song

HaonanLi-YaoLiu

Abstract： Biological soR tissues manipulation， including conventional

(mechanical)and nonconVentional(1aser，wateljet and ul仃asonic)processes，is

critically required in most su曙ical iIlnenrations．However’the soR tissues，wim

their natIl|℃ of alliso仃Dpic and Viscoelastic mech粕ical properties， aIld high

biological锄d heat sensitivities，are dimcult to manipulated．Moreover'me

mechanical and thenTlal induced damage on the s晌ce and surrounding tissue

during the su唱ery can impair the pr01iferatiVe phase of healing． Thus，

underStanding me manipulation mechanism and the resulted surface damage is of

importance to the communi哆．In recent years，more and more sch01ars carried out

researches on soR biological tissue cutting in order to improve the cuning

pe—b肌ance of s删曙ical inst九lnlents and reduce me su唱e巧induced tissue damage．

However，there is a lack ofcompressive rcview that focused on the recent advances

in soR biological tissue manipulating tecllllologies． Hence，this review paper

attempts to provide an infbnnative literature surVey of the state—of_the—an of soft

tissue manipulation processes in suIgefy． This is achieVed by exploring and

recollecting me di舵rent soft tissue manipulation teclllliques currently used，

incIuding mechanical， laser' wateljet and ultrasonic c蚍ing alld adv粕ced

anastomosis and reconstnlction processes， wim highlighting their goveming

removal mechanisms as well as me surface and subsurface damages．
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BiOiⅡspired Functional Surfaces for Medical De、rices

№她·蛐Liu·Y咖Guo·‰w趾g·咖啪啦．H吼weiChen
Abstract：Medical devices are a major componem of precision rrledicine aIld play a

key mle in medical仃eahnent，particul盯ly、Ⅳith tlle r叩id deVelopment of lIliIlimally

invasive su玛ery蚰d wearalble devices．Their tissue contact properties s由rongly

afI’cct device pcrfomance and patient health(e．g．，heat coagulation and slippe血ess

on su玛ical graSpers)．However，tbe design and 0ptimization of these device

sllr】雠es are still indistinct锄d have no supponing p血ciples．Under such

condi石ons，natuml sⅢ{hces wim various unique劬ctions can provide sol埘ons．

This review sllInm撕zes the currem progress in natIIral fLmctional surf犯es for

medical devices，iIlcluding ul仃a-slipperiness蛐d s仃I)ng wet attachment．The

underlyillg mech蛐isms ofthese s111{-aces are a删buted to their coupliIlg effbctS粕d

fe舭d micro-nano strIJctures． Depending on Various medical requirements，

adap切-ble designs锄d fabrication memods have been deVeloped．Additionally'

various medical device surf．aces have been validated to achieve enhanced contact

properties．B嬲ed on tllese stIldies，a more pmIIlising fIlture for medical devices can

be achieved fbr enhanced prccisi∞medicine趾d human healtll．
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A Revi州ofN锄伽c舢№edl豁Fabric拍。吣for磷om旅al Engin∞血g
BiIlLiu·)(iIl Yi·Y堍撕·蹦sllanY啪·JjngboY锄g·Ji雒Y姐g·ⅪaoYu
kl蚰Jiang·Chen影0ngW柚g

Abstract：Needles，as some of the most widely used medical devices，have been

efl’ec石Vely applied iIl hum锄 disease prev∞廿on， dia弘osis， 仃c咖即t， 锄d

rehabilitation．Thin 1D needle can easily pene仃ate cell“o玛ans by generating

highly localized s仃ess wim meir sharp tips to achieve bioliquid sampl吨，

biosensillg，drug delive吼su玛e吼锄d omer such叩plications．Itl this review’we

provide 柚 oveⅣiew of multiscale needle f如rication techniques and their

biomedical applications．Needles arc classified as n锄oneedles，micmneedles卸d

millineedles based on me needle diameter’aIld their f．abrication teclllliques are

highlighted．N釉oneedles bridge me inside锄d outside of cells，achieving

in仃acellular electrical recordiIlg， biochemical sensing， 蚰d dnlg delive珥

Micmneedles pene仃ate the s仃anun comeum layer to de钯ct

biomarkers／bioelectric时iIl iIltc鹈石石al fluid锄d dcliver dmgs tllrough tlle skin int0

the human circulato巧system．Millineedles， includillg puncture， sy五nge，

acupllnc眦柚d sutIlre needles，arc preseIIted．Fimlly，conclllsions蚰d如眦
perspectives for next-genemtion n锄o／micr0／Inilli肿edles a11e discIIssed．
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Cut6ng BehaVior Of Cortical BoⅡe in Different Bone osteOn Cutting Angles

and Depths of Cut

Ⅵ珊lqiangLuo·Yjn曲lljRen·Yangstnl·C∞gM∞·压i】【iong踟u·z．M．Bi
Abstract：Cortical bone is semi-brittle and aniso仃叩ic，t11at brings a chaUenge to

suppress vibration and avoid undesired f．racture in precise c岫g process in

su玛eries．IIl tllis paper，a noVel aIml如cal model is proposed to r印resent cortical

bone cutting pmcesses．The model is utilized to predict the chip forIIlations， ‘f)

material remoVal behaVior and cmcl【s propagation under Varying bone osteon 乏

cutting angles缸Id depths．series of onhogonal cutting experiments were conducted ；i
on cortical bone to inVestiga钯the impact ofbone osteon cutting angle and d印m of 主星’Ⅷ
cut on cmting force，crack initialization and pr叩agation．The observed chip ；{Ⅻ
morphology highly agrced wim the prediction of chip fo彻ation based on the 差i

a11al”ical model．The curly，semted，grainy and powdery chips fomed when the 三

c甜ing an91e was set as Oo，60。，90。，a11d 1200，respectively．Conical bone were o

rcmoved d(mlin舭tly by shearing at a smaU depm of cut丘Dm 10 to 50“m，and by a

mi)【turc of peaIiIlg，she矧_ng，仔actll】旧柚d cmshing at a l鹕e depm of cut over 100

¨m at di觑rent bone osteon柚gles．Moreover'its触cture tougllness was calculated

based on measured cutting force．It is fo舶d tllat tlle nuctllation of cutting force is

s叩pressed and me bone matcrial becomes easy to remoVe，which砌butes to

lower仔actllre toug圭lness at bone osteon cutting angle 0。．When tlle cutting

direction develops a ccnain锄gle to bone osteon，tlle矗actllre toughness increases

tllen the cmck pmpagation is i11hibited to some extent蛐d me nuctIIation of cutting

force comparatively decreases．There is a meoretical and practical significance for

tools design狮d opemtional pmmete璐choice in slll苫eries．
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obuque Cutting B蜗ed M优h帅icm Model for In∞rt．on Torque of Dental

ImpIant

L111i Li·Song弛·Quhao Li·Q峨Bi锄·加姗坞撕
Abs仃act：The insenion torque of a dentalimplant is an important indicator f．or nle

prima叮stability of dental impl加ts．Thus，the prcopemtiVe prediction for the

insertion to“lue is crucial to impmve the success rate of impl龃ta_tion su略ery．In

mis present research，柚altemative metllod for prediction of impl柚t torque was

proposed．First，the mech明ical model for the insertion torque was established

based on an oblique cuttiI唱process．In tlle proposed mechanical model，mree

f．actors，i∞luding bone qIIali吼iIIlpl柚t geome时and su玛ical methods were

considered in tenns of bone-quali够coemcients，cllip load and insertion speeds，

rcspectively．Then，the def．med bone．quality coe街cients for cancellous bone with

the co呲d tomogr叩hy(CT)value 0f 235_245，345-355孤d 415_425 Hu were

obtained by a s甜es of iIlsertion experiments of IS跚d ITI implants．Finally，the

insertion experiments of DIO iIIlpl蚰ts werc carried out to Veri母t11e accumcy of

developed model．The predicted insertion torques calculated by me瑚屺chanical

model were compared with those acquired by insenion experiments，wim good

a荜eement，me relative e玎or being less tll髓15％．This memod allows the insenion

tooque for di仃曲∞t implant咖es t0 be quickly es乜出lished alld eIlh蛐ces prediction

acc眦y by conside血g the e行ects ofimplants’geometries柚d su唱ical methods．
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Effect Of Laser AblatiOn Pulse Width and-’eed Speed 0n NecrOsis and Surface

Damage of Conical B佃e

Jose A．Robles-Lillares·KieIanⅥ，i1曲ef·Zhimng Liao

Absn．act： Bone cutting is of imponance in onhopaedic surge巧but is also

challenging dlle to its natIIre of brittleness-where severe mech锄ical and themal

damages can be introduced easily in conventional machining．Laser machining is a

new tecllllology that can allow for complex cut geometries whilst miniIIlising

surface defects i．e． sme撕ng，which occur in mechanical methods． However，

comparative studies on the innuence of lasers with dia’erent pulse characteristics on

necrotic如age and su—’ace inte鲥ty have not been reported yet．This paper for the

first time investigates me effbcts of laser t)rpe on the necrotic damage and sllrface

inte鲥够in舶sh bovine cortical bone after eX—sinl laser macllining．111ree lasers of

di矗brem pulse widtlls，i．e．picosecond，nanosecond and cominuous wave 1asers

have been investigated with difIbrent feed speeds tested to study me machilling

emciency．The cutting teⅡ1peratIl】．e，粕d geometrical outputs haVe been measured to

investigate the tlle衄a1 innuence on the cooling behaviour of the bone sarnples

while lligh-speed imaging was used to compare the material removal mechanisms

bet、)l，een a pulsed and continuous waVe laser．FurthenIlore，an in-d印th histological

analysis of me subsurface has reVealed that the nanosecond laser caused the 1a唱est

necmtic depth，owing to tlle high pulse f．requency limiting the dissipation of heat．It

has also been observed that surface cracks positioned perpendicular to the仃ench

direction were produced after machining by the picosecond laser，indicative of the

photomechanical e行ect induced by plasma explosions．Therefore，me choice of

laser够pe(i．e．in tenns of its pulse width and行equency)needs to be critically

considered for印pmpriate application during 1aser osteotomy wiⅡl minimum

(1amage and inlproved healing．

(2022)35：61
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Bone MnHng：on MonitoriⅡg Cutting State and Force Using Sound SignaIs

zhen出ymg·LiIIl：．mgShu·NaollikoS心ta
Abstract：Emcient monitoring of bone milling conditions in onhopedic and

neurosu曙ical su略ery c锄preVent tissue，bone，and tool damage，and reduce

su玛ery time．Current researches are mainly focused on recognizing the cutting state

using force signal．However，the force si印al d嘣ng the milling process is d湎cult
aIld eXpensiVe to acquire．In this study，a ne哪l ne铆ork-based memod is proposed

to recognize the cutting state and force d耐ng the bone milling process using soulld

signals．Numerical modeling of the cutting force is perfbmed to c叩ture me

relationship be俩een the cutting force and the depth of cut in me bone milling

pmcess．The f．orce model is used to calibrate the仃aining data to improve the

recognition accuracy．Wavelet package mmsfo衄is used for signal processing t0

unders切nd bone—cutting phenomena using sound signals．The pr叩osed system

succeeds to monitor the bone milling process to reduce the su玛ical risk．

Expe—ments on staIldard bone specimens a11d venebrae also indicate that the

pmposed印pmach has considerable potential for use in computer_aSsisted aIld

robot—assisted bone—cutting systems used in various types of su唱e巧．
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Optics-guided Robotic System fbr Dental ImpIant Surgery

BiaoY撕·w砌册g z11ang·LijingCai·Ling灯angzheng·KaiyangBao·ⅥHnjngRao

LillYang·wreitaoYe·Peif砘Guan·wreiYang·JiaI培Li·Rongqia工l‰g
Abstract： At present， dental implant surgery mainly relies on the clinical

experience of the doctor and the assistance of preoperative medical imaging．

However，there are some problems in dental irnplant surgery，such as namw space，

sight obstmction， inaccumte positioning， 柚d high requireInents of docto心

proficiency．Therefore，a dental implam robot system(DIRS)guided by optical

navigation is devel叩ed in this study，with aIl x—shaped tool and an i玎egular

pentagonal tracer are designed f．or spatiaI registration and needle tip positioning

s仃ategy respectively．The coordinate system of each unit in DIRS is unified

through system calibration，spatial regis仃ation，and needle tip positioning s仃ategy．

Then the surgical path is pl咖ed on the cornputed tomo鲫hy(CT)images in me

navigation software before operation．The automatic positioIling memod and the

auxilia呵positioning memod can be used in the operation to achieve accurate

positioning and assist doctors to complete the operation．The e玎ors of spatial

registration，needle tip positioning s仃ategy，and the oVeraU accumcy of the system

were evaluated respectively，and the results showed that tlley all met the needs of

clinical sllrgeu．This stIldy preliminarily verified me feasibili哆of the precise

positioning method for dental surgery mbots柚d proVided cenain ideas for

subsequent related research．

(2022)35：35
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Workspace and Accuracy Analysis on a NoVel 6-UCU B0ne-attached ParalIeI

Manipulator

酬ie DI嘴·D响nling Li·Ⅺn鲫lX∞·ChangXu·HaoWeiW姐g·)(i卸miIlg鼢
Abstract：WiⅡl tlle increasingly more extensive印plication of the medical su唱ical

mbot in the clinic，higher requirements have been put fbr、Vard for medical robots．

The bone—attached robot，a popular onhopedic robot in recent years，has a tendency

of minia嘶zation and re6nement．Thus，abone—attached parallel manipulator(PM)

based on 6-UCu(吼ive啪l-cylin埘cal-llniverSal)configIlration is proposed，which

is chamcterized by sman volume， compact strIlcture， high precision and

six-dimensional force feedback．Tb optiIIlize the stmctIlre and make it more

compact，the workspace of the 6一UCU PM is analyzed based on the analysis of

three kinds of constraint，and workspace modelis established thJ。ou曲spherical

coordinate search memod．This stIldv also analvzes the innucnce of s协Jctural

parameters on workspace，which may contribute to improVing tlle efficiency of

design and ensllring small-sized robots possess relatiVely large workspace．

Moreover，to impmve the motion accumcy，an error modeling memod is developed

based on the s仇lcture of 6．UCU PMs．According to t11is established error model，

me ou印ut pose error curves are drawn using MATLAB soRware when the s仇lcture

parameters change，and the innuence of tlle strllcture and pose parameters change

on me output pose en．or of PMs is analyzed．The proposed research pr0Vides the

instmction to design and analysis of smaU PMs such as bone_a仕ached robots．
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3D C0hesive Finite Element Minimum InVasive Surgery Simlllation Based on

KeMn—Voi垂Model

Ⅵ}nl蛔ng Jiang·Qill班uaSong·)(ich呲Luo

Abstract：MiniInally invasive su唱ery is an i埘lportant technique used for

cytopatllological examination．Recently'multiple stIldies haVe been conducted on a

three-dimensional(3D)punctIllle simulation model as it c锄reveal the intemal

defomlation state of the tissue at me rnicm level．In mis stIldy'a Viscoelastic

constitutive equation suitable for Inuscle tissue was derived．Additionally，a memod

was deVel叩ed t0 def_me the胁ctIlre characteristics of muscle tissue material dllring

the siInulation process．The劬ctIlre of the舢scle tissue in contact wim the

puncture needle was simulated using the cohesive zone model aIld a 3D punctllre

fillite elemem model was es诅blished to analyze t11e deformation of the muscle

tissue．Tlle s仃ess n印hogr锄蛐d reacti伽fbrce uIlder di骶rent parameters were

co埘lpared and analyzed to study the defomation of tlle biological soR tissue锄d

guide the actual叩eration process and reduce pain．

(2022)35：40
DOI：10．1186，sl0033一022一00719一y

Three-dimensional Modeling and Simulation of Muscle Tissue Puncture

Process

Z0咀gⅫLV·Q咖Song·F锄Gao·乃l柏qiangLiu·Yiw抽·Yon姚Jiang
Abstract：Needle biopsy is蛐essential pan of modem clinical medicine．111e

puncture accuracy alld sampling success rate of punctIlre su玛ery can be efrec廿vely

improved mrough virttlal surgery．There are fcw tIlree-dimensional puncture(3D)

models，wllich haVe little significance for sll】唔ical guidance under complicated

conditions and restrict the devel叩ment of Virtual su唱e阱111 this p印er’a 3D

simulation of the muscle tissue puncture pmcess is studied．Firstly，the mechanical

properties of muscle tissue are measured．The Mooney-黜vliIl(M—R)model is

selected by considcring the fitting accuracy and calculation speed．Subsequently’柚

accurate 3D dynamic puncture modelis established．Tlle failure嘶terion is used to

define the breabng characteristics of the如【uscle，and the bilinear cohesion model

defines tlle breaking process．Experiments witll diff．erent punctIlre speeds are

c删ed out tllmugh tlle built in vi仃o puncture platfo肌．The exp嘶mental results

are compared with me simulation results．The experimental and sirnulated reaction

force cunres are highly consistent，which verifies the accuracy of the model．

Fillally，the model under diffcrent pammeters is stIldied．The si砌lation results of

v觚ying puncture d印ms and punctIlre speeds are analyzed．The 3D punctIlre model

can provide more accurate model support for virtual surgery and help improve tlle

success rate ofp瑚ctIlre su玛e阱
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Soft Tissue DeformatiOn ModeUng in the PrOcedure of Needle Insertion：A

Kriging—Based Method

Y．ongLei·M瞰)ng Li·D蛾‰
Abstract：The simulation and plaIlIling system(SPS)requires accurate alld

real-time feedback reg砌ing the defomation of soft tissues d11ring舭needle
insertion procedure．Tfaditional mechanical-based models such as the finite elemIom

metllod(FEM)are widely used to compute廿le deforInations of soft tissue．

HoweveL it is di历cult for me FEM or other memods to find a balance between an

acceptable image fideli够and real—time defomation feedback due to tlleir complex

material properties，geometries and interaction mechaIlisms．In this p印er，a

Kriging_based memod is applied to model the soR tissue defbmation to s仃伙e a

bal锄ce be铆een the accllracy a11d e衔ciency of defb加撕on feedback．Follr

combinations of re铲ession and co仃elation如nctions are compared regardillg their

ability to predict the maxiIImm defonnations of ten characteristic markers at a fixed

insenion d印th．The resuhs suggest that a first order regression劬ction wim

Gaussian correlation缸lctions call best fit me rcsults of the groulld衄lm．ne
劬ctional response of the KrigiIlg-based method is utilized to model the dynamic

defo吼ations of markers at a series of needle insertion deptlls．The feasibility ofthe

memod is verified by investigatir蟮me adaptation to st印V耐ations．Compared with

the ground mlth of the flIlite element(FE)results，tlle maximllIn residual is less

man 0．92 mm in me】，direction蚰d O．3 1 mm iIl the Xdirection．The results suggest

mat the蹦g蛔g metaIIlodel provides real—time defbmation feedback for a ta唱et

卸d a曲obstacleto aSPS．

(2022)35：42
DOI：10．1186／s10033—022．00722．3

UltrasonicaⅡy Assisted Cutting oflIistological Sec60ns fbr Reducing the

En、rironmental and Financial Impact of Microtomy

D伽gW抽g·DamelDeBecker·AtlishRoy

Abstract：Modem-day microtoIny requires hi曲prccision e(1uipment to minly

section biological tissues．The sectioned tissue must be of good qualit)r not showing

c删ing仃acks or so-called artefacts．The qualit)，of mese sections is dependem on

the blade wear，which is related to the h砌1ess of the tissue sample，cutting an91e

蚰d cu仕jng speed．A test rig has been designed and manufactured t0 allow these

p跏neters to be con订olled．This has allowed fbr the blade wear to be analysed and

quantified，and this has been completed for both ul仃asonically assisted and

conventional cutting．The obtained results showed a 25．2％decrease in avemge

blade roughness after 38 cuts when using me ul仃asonically assisted cu仕ing regime．

The data also showed no adverse efrect on me qual埘of the slides produced when

using this cuttillg methodology．Finall弘the cutting force measured for both cutting

regimes showed that ul仃asonically assisted cu_tting requ疵d less force compared t0

conventional c们ing．With nle reduction of surface rougllness and force，it is

possible to state that ul缸asonically assisted cuttiIlg reduces the wear of nle blade，

thereby i11crcasing the lifc ofthe blades．An increase ofjust 10％iIl blade 1ife would

yield a cost saving of appmximately 25％mereby reducing the environmental and

financialimpact ofmicrotomy．

CONTENTS
V01．3S，NO．3，June．2022

矧。瑟瀵≤。“02i 3幕i≯、辨-∥0 1：l_I
5． 、、 J。，

-o叫 9：j、_。‘、‘鼍∥；0 j0。，6

．o．06l lo，一一。，-、N”。誓。一，

匿⋯霉

万方数据



CONTENTS
V01．35，No．3，June，2022

Research Highlight

(2022)35：60
DOI：10．1186／s10033—022．0074l—O

Study on the Electric Actuation of Liquid Metal Column in Connning System

shlnjng Liang·zengweiw如g·F钿自iao“·Men舀uIlHuaIlg·GeDiI培

Intelligent Manufacturing TechnOlogy

o、。r 囊
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MOVement ModeⅡng and Control for Robotic Bonnet P0nshing

Xu印eng HuaI培·Zherl出long W抽g·Zewen Lill

Abstract：WithⅡle increasing dem锄d for high-precision optical coInponents，

borulet p01ishing tecllnology is increasingly being used in the polishing pmcess of

叩tical coInponents owing to its hi曲removal emciency and hi曲surface accuracy．

However，it is expensive and dimcult to implement dedicated boIlIlet p01ishing

machine tools，and their processing range is limited．This research combines boIlllet

polishing technology with industrial robot_assisted processing tccllnology to

propose a mbotic boIlllet polishing con虹Dl model for la略e·di锄eter a】【isymmetric

aspherical optical components．using the仃ansfonnation relations of the spatial

coordinate system，tlle traIlsfomation relations ofthe workpiece coordinate system，

local coordinate system of me polishing point，and tool coordinate system of t11e

bonnet sphere center are established to obtain me borulet precession polishing

motion model．The polishing tI．ajectory of 1arge—diameter axisymmetric aspherical

components and the V撕ation in the lir山age an91e dif艳rence were simulated by

adding an efnciency-optimal conn．0l s仃ategy to the motion model．The mbot

motion was simulatcd in Robostudio to Veri匆the correcnless of me precession

motion model and con订ol algorithm．Lastly，the robotic borulet polishing system

117煎；11771；；!唾11y．jp脚i14j9th!．1投H÷bi粤gJ!!Q!导j!照th!删!璺!?971p!!卫!粤!!．一一一一一一一一
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MicrOstructures，Thermal and Mechanical Properties of Pure Tungsten-A

Comparison between SelectiVe Laser Mel廿ng and HOt ROUing

ChongW抽g·Dadb吨Chen·‰乃ou·压llomjng Xie·Qian矗孤gF锄g

S蛐哑w醯·a1蚴‰
Abstract：A compamtive study on the innuence of diffbrent manufacturing metbods

(selectiVe laser mehing alld hot mlling)on t11e microstnlcture，mechanical and

thermal behaviollrs of nmgsten(W)was presented for the first time．The results

indicated mat the selective laser melting(SLM)W exhibited a finer gmin sizes，a

lower strengm ductili吼hardIless a11d me姗a1 conductiv埘compared to hot-rolled

W．The main reason for this result was mat the laser unden)lrent rapid heating and

cooling when it was used to melt W powder with high ene理∥densi吼resulting in

la唱e intemal sn℃ss in the sanlple afIer manuf她tlIm吕Subsequemly'the intemal

stress was released， leading to me genemtion of micro·cracks at tlle grain

bolllldaries，thereby a仃ecting the pe响mallce of SLM W sampIes．In addition，the

hi曲er胁ction ofhi曲一angle舒ain bouIld撕es(HAGBs)of SLM W was folHld to

be the key factor for intrinsic brittleness．Because the HAGBs are the preferred

crack paths，which could promote crack propagation and decrease f}acture eneFgy．
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ControI of Magnetic Particle Size in Ferronuid and Its Effect on RheoIogical

Propenies

Si”Chen·Decai Li

Abstract：RheologicaI properties are the theoretical basis and the key to common

pmblems in ferronuid叩plications，therefore they are expected to be adjustable to

satis匆diH’erent tecllIlical requirements thmu曲altering the micmstmcture of

f宅仃onuid during the process of preparation．In mis paper'Follr ferronuid samples

with dif诧rent magnetic particle size were prepared by controlling the concentration

of precursor solution(㈦ng co-precipitation process and the meological properties

of these samples were investigated． These samples exhibited field-controUed

rheological pr叩erties．Etemal magnetic field would enhance the fo加ation of

microsnuctures，resulting in an incrcase of viscosity．While with the increase of

shear rate，micros缸1lcnlres tended to be desnDyed，causing viscosity to decrcase．

Therc werc觚o opposing mechanisms of the influence of precursor solution

concen仃ation．0n one h锄d，the reduction of the precursor solution concentration

would produce prima巧magnetic particles of smaller size．But on the other hand，

the surfactant became insuf6cient to completely coat the magnetic panicles because

of an increased specific surface area，causing the magnetic particles to ag留egate

and fb册 secondary clustering s仃uctLlres which strongly enhanced the

magnetoViscous ef诧ct柚d weakened the viscoelastic ef艳ct．

(2022)35：49

DOI：10．1186／s10033—022一00727-y

Innuence of Charging on Condition on Torque ConVerter CaVitation

Characteristics

ChengLiu·MengGuo·Qingdong№·wreiwrei
Abstract：Ca、，i例on iIlside a toI．que convener iIldlJces noise，vib枷on锄d even缅lure，

and tIlese e脓ts have been disregarded iIl pre、rious蛔『(Iue corIv吲[er desi印processes．

Howev％modenl torque converter applicatio璐requi】旧删on to tllis issue because of

its 11igh-speed锄d lli曲-c印ac时requir锄eI】峪．Therefm，thjs study协vestiga叫the
ca啊伽on e仃bct on a torque conVerter usiIlg bom n啪erical alld a币erilIlerl协l me廿10ds

witll an唧h硒is onⅡ1e砌uerlce of tlle cha啦g oil feed location and cha唱e pressure．

Co哪Mnational fluid dymIIlics(CFD)models wefe established t0 silllulate ttle naIlsient

c枷枷on bchaviour in the bDrque conv酬财using di仃e獭lt cha呼ng甜pressures aIld

砌et amng锄∞忸锄dtes血g agaillst abase caset0 validate meresul馏．ThecFD re刚忸 一

suggested mat c撕枷I培bll_bbles ma洫ly ta：kes place iII tlle s‰r oftlle torque converter．

The nallsient洲tation CFD modcl yielded good agre锄ent埘tll吐le experirnental data'

诵m锄e删of7．6％i11此capacity constant and 7．4％ill也e蜘quc硎o．Bom mc

experiI删肌d删merical studies showed that ca“枷on iIldIlced seVere c印ac时 Lock．

dc霉删on，锄d t11at me dlarge pressure and ctla啦g oil c础gu棚on sigmficantly cluIc

旅cts bom tIle ovemll hy由odyn砌jc pem衄瑚ce粕d me nuid beha、riour irIside t11e

torque conVener because ofc撕枷on．hcreasil玛廿le charge pressure a11d charging吐le oil

缸lm the仰：biIle-s衄tor clearance were fo哪d to suppress cavi洲衄development and

redllce pe墒nnance degrad撕on，especially in terIIls of廿le c印ac时constarIt．TlIis smdy

revealed tllc nIlid field mechanism behmd t}1e砌1煳ce of cIlarging oil co砌tions on

唧e c∞vener ca啊枷on b‘Iha“our'删ding pmctical guidelines for suppress堍
cavi喇on iIl toraue converter．
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F0ma咖n PI证ciple and Chanctem廿岱of SeⅡ$upeKha咖g Pulsed Water Jet

乃laolongGe·M姗feiLing·Ji瑚啊唱·Yi”Lu·Y锄gl(ai姗·撕W啦·QiY砧
Abstract：High_pressure pulsed watc=r jet tecllllology h鹤co璐i出曲le develq)Ⅱl∞t

pot训al i11协e field of rock鱼塘mentadon．Tb o、1ercome me sIloncoIlliI坞s of exis曲g

叫sed jets，a∞lf娜llaIging pmsed water jet(SSPwJ)gen锄don melllod is

pIDposed，wIlich is klsed on the theoly of tlle pulsod water jet锄d the miple of

hydraIllic booS曲g．1k呻osed memod chan萨s me丑ow d慨d∞of吐地nIlid modi啪
thmugh me valve core to ma|【e the pis胁reciproca把iIl me cylinder趾d rebeS on the

e仃bctive area di丘酿mce be柳eell the散Int and rear charrIbers iIl t11e s呦ke stage oftlle

pig啪t0 realize t11e o罾ulic conlbination of‘‘p山∞”and“sul)erchalging’of me j钝血l塔

foHning锄SSPwJ．on舭baSis of me fon嘣on啦iple ofme SSPWJ，a SSPWJ

te：油唱plalfom was coIlsm嘲觚d te!沤were perf．o埘ed on t11e jet pr鼯sure acqIlisid叽
morphology c印mre，锄d g嫩ite efosion．BoIll the jet p佗ssure觚d the jet mofphology

e】【l】曲硷d p耐odic changes，狃d a lli曲er p11Ise pressure w船obtained at lawer“et

pressure．The黜r of tlle presgure洲o calculated accoImng t0 tlle e)【peIimental results

w弱<3％rel a_曲e t0 me meoredcal des咖v舭，c伽6咖ing血e触sibm够of位metllod
The pulse pn潞ure and pulse丘eqIlency are connouable；mat is，硒也e inlet now ra_te

iIlcreases in the sm)kc stage oftbe pi咖玛tlle pul跎pl璐sure觚d pulse自eq凹mcy iIlc咒弱e，

锄d tlle plll∞dl删on de蝴cs．As me iIllet now mte iIl渊髓iIl me kd鳓rard一曲吲b

stage of tlle pist0Il，t量le pulse行equt：llcy iIlcreaSes，锄d me pulse即ssure aIld pulse

du枷on reInajIl衄changed．Under tbe∞咀1bined acdon of tlle water=_h甜nmer pfessure，

hi曲-speed la触锄flow’aIld hi曲-丘equeIlcy dy瑚IIlic load of t11e SS冈叮，10cal flab
e)渝“adon w硒obseⅣcd wIlen lhe gIallite s嘣hce w鹤doded．The r豁lll协of tllis study

lay me foⅢl删on f-or er证6Ili】唱me meoIy of pulsed jet g∞啪石on粕d a【pa砌ng its

appn训on mnge．
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Cha豫cte哦tics 0fos咖a舶n iII CaV时ofH岫ho舰Nozde Gener曩thlg Selh耻ited

PuIsed Wa锄jetM汹Y啪·咖Li·YongKang·Hanq崦驯·峨Pan
Abstract：Cavi够now oscillations in the axisymmetric cavity are critical t0 tlle

operating e衔ciency of self-excited pulsed wate巧ets，which are widely employed in

marly pmctical印plications．In mis study，me behaViors of a turbulent now in

a)【isymme仃ic cavities causing cav时now oscillations are investigated b孙ed on

wall pressure characteris廿cs．EXperiments are perfb咖ed using f．our Helmholtz

nozzles witll varying lengm—to-mdius mtios at now velocities of 20'80 IIl／s．mee
ofders of 11ydrodyn啪ic modes ill axisymmetric c州够are obtained mrough tlle

spec仃al analysis of wan pressure．Based on tlle exp甜mental results，Ⅱle empirical

coe伍cient of Rossiter’s fonnula is modified，aIld me values of nle parameter phase

lag柚d the训o ofcoIⅣection velocity to fke s缸℃锄velocity are obtained as 0．06l

锄d 0．5 11，respectively．In a删tion，t11e spec仃al peak wim a relatively constant

舶quency shows tllat tlle now-acoustic resonance is excited signific粕tly． A

modified modelis in仃Dduced b髂ed on the fluidic networks to predict也e lock-on

舭qu∞cy．The results obtai舱d c锄proVide a basis for the s仇lctll】[al optimi盟tion

ofme nozzle to impmve me perfornlance ofselfexcited pulsed wateIjets．
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IIInuence of shear EⅡ＆伍蚰恤e Chamcteris6cs of加洳ymmetric W押e

Pmpa酗6蛐iII a Bu—ed|1IIid删led Pipe

PingLu·)(iao出enSheng·Y．趾Ga0·RuichenW抽g
Abstract：The acoustic pmpagation characteristics of axisymme仃ic waves have

been widelV used in leak detection of nuid—fined Di口es．The related acoustic

methods and equipment are gmdually comillg to the market，but their meoretical

research obviously lags behind me field practice，which seriously restricts the

breaI羽缸ough and iIlnovation of nlis technolo霉Ⅳ． Based on the mlly

tllree．dimensional effbct of the surroundin2 medium，a coupled motion equation of

axis”砌etric wave of b谢ed liquid．filled pipes is derived in detail，a contact

coe伍ciem is used to express the coupling s仃ength be帆een sunDunding mediuIrI

and pipe，then，a general equation of motion was derived wllich contain me pipe

soil lubrication con协ct，pipe soil compact contact and pipe in water孤d air．Finally，

the con．esponding numerical calculation model is established a11d solved used

numerical memod．The shear e任宅cts of me surrounding medium and the shear

effects at me interfke be锕een surroun血g medi眦n and口i口e are discussed in

detail．The output indicates that me surrounding medium is to add mass to tlle pipe

wall．but me shear effbct is to add sti痂ess．Wim tlle consideration of tlle contact

s仃engm be铆een the pipe and me medium，the additional mass and me pipe waU

will resonate at a specific丘equency，resulting in a significam increase in血e

radiation wave to the surrounding medi砌．The research contents have great

guiding e丘．ect叫me也eory of acoustic waVe pmpagation and the engineering

印plication of leak detection tecllIlology in the b耐ed pipe．

(2022)35：69
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Study on the Fo珊柚on蛐d sepamd呻Pr∽ess ofDroplets in the MemcaI

Pi哪dectr．c Atom缸嘶硒n Dev-ce lnduced by ln仃a-hole nu咖娟on

Qiu堍‰·WmtingS眦·Jial】l“zllang
Abstract：T硼佑伽Ial龇叫血zation de_vio嚣always exⅫ)it娜出鄱两配Ics，such as

n(m_unifonn a士0I面Zadon p枷cle sizcs，in嘲bility of嘶sient砷Drni蒯on qL捌嘶ty锄d

1】11aⅫ血olIabil时ofpIecise胁e唱y，whic：h靼fiously resnjct filrdler p删cal applica舶n of

a土0rn刎on jll㈨on也唧y．The内棚均商on锄d鸵群哦时on pID(燃s ofmuple坞bdon誉t0
a mjcrophen0Inen伽of a1捌mi五匝on．The inv酬霉嘶on of me droplet丘啊删on趾d
sepa枷on佴oce鹳wm be自VlⅪab忙fbr lmd日s协ndjllg me alm面五时on mech龇lism．111

畔删work'me COIlserva觑hl Set删(钆S岣is success舢y叩p血ed 0n me

幽n1】Iadon oflhe惋n枷on距d∞p啪6an ofe№plets血a枷删cal pj酬ec砸c at0I面za矗on

dwice j1】西lced bv i玎血a_埘e n1】chla矗on The j11舡a舶le n1K蜘嘶on mech孤蛐is黟stel蛐删aIld锄蜘砜a血dals0恤唧毓of岫舭chan8ein也e
ll】icro a沁hole is bllilt and evah】捌．I姗lhe a阻md e(删on锄d sim：uladon modd of

出0plet删∞柏d sel娅嘶0Il舯)cl嘟have be∞weⅡeSlabliibed by mI妯jng 111e

siIl枷l撕on model，aIld lhe咖lhe讲oce嚣of卸l戚惋盯瑾mon and∞p{m撕伽is siIlllllated

The com期)a棚I培msuns m：InoIIst豫te lhat me bI髓蛐ng锄e of出0ple忸is de脚eased谢m

meinl成vel嘶趾dli删ten耻ra舡鹏risjn吕wh丑e ei】l蛐ced釉mclⅢd鲫删on疵rea她．Mt舭，me蛐0fdr0出is de(榭Ised谳mejI衄veh毋andli删d
conc甥血弼∞in四朗siIl吕bIIt iIlcI_eased wi血the liquid te：mpe翰nⅡe dsing．The veloci够of

出0plet is既dljmo。d诎tlle inlet vel嘶锄d li讲1id tem搿虢岫托risiI培，龇d reducedm
me ina℃a∞ofliq_uid a011c豇血alion．、^，b即tlle large side di棚n鼬er ofmjcIo伽e hole is set雒79雌雠懒妣ofmc蛳let础aIIli幽】111讪eof38．7雌龇me
voll】1ne趾d the veloc畸of蛳慨崩曲a衄l】【i咖Ⅱn v舭0f 79．8 pL md 4．46幽，
re印ec呐This咖dy口o、桕鹪lhc0蒯cal罂Iidance for位d蕊i驴ofmedical pi删ec伍c
at0In硎on devioes and 00I曲：ib嘲白o t11e p】[Dn蜘on ofjnha枷on也a矗W m plfacdcal u∞．
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Vm腿廿on Characteris廿cs ofR0tor System with L∞se Disc Caused by the

lnsumcient InteIference Force

ZIlillong Li·F锄gQiao·well)【iuLu·JieLiu·DongWaIlg·Fulei Cllu

Abstract：The m嘶ng parts looseness is one of tlle common f．ailuI．es m mⅢng
machme阱The cun℃nt researches of 100seness faIllt maimy fbcus on non-m诅ting

compone吣．However’廿1e looseness f-ault of disc-s11aft system，whjch is tlle maill work

pan irI me mtor System，is alIIloSt igno同．Here，a d”1a111ic model of tlle rotor systcm

witll loose disc caused by me iIlsumcient访terf阳lce force is pmposed b弱ed on t11e

contact model ofdisc—shafI systcm谢m me ITlicmscopic surfke topography，tlle vib枷on
characterisdcs of tlle system are analyzed a11d discussed by tlle number s证ml撕on，锄d

v耐fied bv血e e)【perirnent．The results show tllat me s口eed ofⅡle shaf【’me comact

sti伍less，me cleafaIlce be眦eIl me diSc锄d shaf}，t量le d枷p吨of me disc aIld me

ro训onal dal坤iI培llave an irIfluence onⅡle m删on state of t11e disc．When t11e r嗽ion
specd of t11e disc a11d tIIe sh姐are s锄e，me collision丘明uency is miIlly composed of

onc缸qu舳cy mLlltiplication cornponent and ve黟weak lli曲f女equel】cy muldplication

componetlts．珊m me rotation speed of也e disc and缸shaR is close，恤vib硎on ofme

disc occurs a beat vibration phenomenon m廿le h耐zontal dirccH0n．Simultalleously'a

咖odical siIIlilar beat vibradon Dhenomenon also occurs iIl me、Ⅳavef．o姗of me

disc-shaft displacement di旋槌眦e．1'}Ie collision丘明uellcy is miIlly co玎叩osed of a low

腑quency锄d a weal(tli曲娜e11cy component．whenⅡle ro喇on speed of me disc

锄dⅡle sh蛆has great di鼢ce，tlle collision丘朝uency is maill】y composed of one

nquency删右plic鲥on，a f-ew we址}li曲舶quency multiplic撕on components a11d a

f．ew low丘明uency multiplic撕on component．mm the r。duction oftl】e 1-ela石ve speed of

廿1e disc，me仃旬ecto叮of山e disc changes丘Dm circle-shape to inIler ei曲t-shape，and tllen

to circle-shape．IIl廿le岫er eight-shape，ttle岫er riI唱first孕谢ually becomes smaller

and吐len伊删ly becomes la曜隅and廿1e outer血g is s石ll getting sImⅡer-The obtajned

research results ill mis paper has important meoredcal value f．or me diagnosis of廿le mtor

system谢tllmelooSe diSc．
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Method for Faun FeatIIre Sd∞廿on for a Baler G朗rbox Based on an Im口mved

Ad叩tiVe Gen鲥c AIgomhm

Bill胁·Dor唱Bai·ZhanpuXue·HuXie·HaoZlmg
Abstract：The perfIomlance and efficiency of a baler deteriomte as a result of

gearbox failure．0ne way to overcome this challenge is to select appropriate fault

feature p猢eters for fault diagnosis and monitoring gearboxes． This paper

pmposes a fhult feature selection memod using an improved ad印tive genetic

algoritllIIl for a baler gearbox．This method directlV obtains the minimum f．ault

feature pa埘neter set that is most sensitive to fhult features tllmugh attribute

reduction．The main benefit of the impmved adaptive genetic algoritllIYl is its

excellent pe—bmance in tems of the ef矗ciencv of attI．ibute reduction without

requinng prior infonllation．Therefore，this method should be c叩able of timely

diagnosis aIld monitoring．Experimental validation was perfomed and pmmising

findings highlighting the relationship be附een diagllosis results锄d faults were

dbtained．The results indicate that when using me improVed genetic algorithm to

reduce 12 fault characteristic parameters to mree without a priori infonnation，

1 00％f．ault dia譬皿osis accuracv can be achieved based on these fhult characteristics

aIld the time required for fault feature parameter selection using me imDmved

genetic algoritllm is reduced by half compared to naditional methods．The proposed

method provides important insights into the instant fault diagnosis and fault

monitoring of mechanical devices．
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