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Overview of Rubik’s Cube and Renections on Its ADpUca伽n in Mechanism．

Da溉gZeng·Ming Li·mln-Ju锄W姐g·Yu-LeiHou·Wen-J啪Lu·zhenHuang
Abstract：Itubik’s Cube is a witlcly popular mech肌ical puzzle也at has attmctcd attention

aro岫d the world because of its 1lnique characteristics．As a cl髂sic brain．仃aillillg toy well

b∞帅t0 the public’Rubik’s Cube was used fbr scientific research and tecllnoloPⅣ

dcVel叩mem by maIly scholars．This p印er provides a b鹳ic llnderslanding of the Rllbik’s

Cube and shows its mechanical art fbm the 船pects of origin and development，

chamcteristics，rcsearch s协ms and especially its mechanical engineering design，as well as

making a vision for tlle applic a_tion in mech蛆ism．First，也e invention and origin of Rllbil【’s

Cdbe are presented，聪d then me special ch啪cteristics of the cube itself are analyzed．Aft盯

that，the p糟sent researches of R1lbik’s a出e盯e rcviewed in v刚ous disciplines at home粕d

“broad’including tllo∞se盯ches of Rllbik’s o曲e scientific metaphors，reduction algorithlns，

charac佩stic印plications，and lnech锄ism issues．Finally，the applications and prospects of

Rubil【’s Cube in the field ofmechanism are discussed．

DOI：10．1186／sl0033．018．0275．9

A Review of Point Featllre Based Memcm Ima筘Registration．
Shao-Ya Gu胁·Tian．Mia0 W粕g·Cai Meng·J1ln．Chen W锄g

Abstract：Poim fcatllres，as tlle basis of lines，surf．aces，and bodies，are commonly used in

medical image regis竹ation．Tb obtain蛆elegant spatial仃ansf0册ation of e)(tracted featIlre

pons，m髓y point set matching algorith】fIls(PMs)have be∞developed to n璩tch柳o po硫
sets by op血nizing咖ltif撕ous distance fIlnctions．Them are ample reviews related t0 medical

image re百s删on粕d PMs which su咖arizc their b勰ic principles趾d main algori也ms

s印mtely．However’t0加，detailed s1瑚mary of PMs used in medical inlage rcgis打ation in

diffb∞nt clinical environments h嬲∞t been pl】_bnshed．hI this paDer，we provide a

comprehensiVe reView of the e】【istil鸩key techniques of tlle PMs叩plied to medical inⅢge

regis删on accordiIlg to也e b嬲ic p血ciples锄d clinical印plications．As t11e core technique

of也e PMs，geometric订缸耐b咖ation models arc elaborated in this口a口er’demons仃atin2也e

mech趾ism ofpoint sct regis仃ation．Wb also focus 0n the clinical applications ofthePMs蛆d

pmpose a pr习Ictical classificalion memod according to也eir applications in di妊b豫nt clinical

surgeries．The aim of mis paper is t0 pmvide a su姗ary of po硫．fcatll佗-b船edⅡ地thods llsed

in medical image registration and to g【Ilide docto埽of researche体砬erestcd in this field to

choose印pmpriate tecllniques in their rcsearch．

DOI：10．1186／s10033-018．0267—9

A Re、riew on Cable_driveⅡParaUeI Robots．

S∞Qi孤·BinZi·Wei-Wei Shang·Qing·SongXu

Abstract：Cable—ddVen pamlIel robots(CDP鼬)are catego慨d鹤a type of p眦llel
m蛐ipulato鹅．In CDPRs，nexible cables arc used t0协kc the pl∞e of rigid links．The

panicul缸property of cables pmVides CDPRs several adv粕tages，including l盯ger

workspaces，higher payload-to—weight墙tio and lowcr m舭uf8cⅢng costs rather th姐

rigid-linl【robo忸．In this p叩er'the history ofⅡlc dcvelopment of CDP黜is inl∞dlIccd粕d

sevemI successmI latest application cases ofCDPIb are p聆semed．The theory dcvelop姗t of

cDP黜is in仃oduced focusing∞desi弘，pc一研m觚ce a触Iysis蛐d c明咖l也e0ⅨRcsearch
on cDP黜gains wide ane以on柚d is highly mo曲ated by the modem∞ghe血g demand

for 1arge load capacity粕d worl西pace．A棚王n出er of 0xcitin窖瓤lvances i11 CDPRs are

sllImm血zed in this paper since it is prop08ed in tho 1980s，which points t0 a￡miH-ul fIltIl∞

both in theory锄d application．m ord盯t0 m∞t me inc心踮ing reqlliremems of robot in

di丘brent are嬲，fhtIlre steps f．orese曰mom in-d印th research如d extension applications of

cDP黜mlud吨iIltelligent con仃0l，compos蛔蚴州als，integmted锄d rcco蚯gu曲le
design．
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Research and Realizalion of a Master．SlaVe Robo廿c System for Re伽al
Vascular Bypass Surgery．

Ch柚g-Y蛆He·L∞g H岫ng·Y柚g Y柚g·Qing-Feng Li锄g·Yon争K蛆g Li

Abstract：Retilml吼I礓ery c棚m肌es to be one of the most technical demanmng s删[譬eries for

its hi目出manipulati∞accuracy requirement，smaU and cons缸ned workspace，and delicate

嘣nal廿ssue．RD怕dc systems bave the Dotential to enhance and exD趾d也e capabilities 0f

驯|Igeons“ng托6越I sⅢg廿y-Thl皓，fbc璐ing on retinal Vessel byp嬲s su培ery’ a

master_slave robOt system is developed in this paper．This mbotic system is desiImed based on

char∞蜘s吐cs of rc吐nal v勰clll盯byp勰s surgery锄d analysis of lhe s啦ical wofksp∞e in

eyeball．At吣vel end_c丘-ectoroftwode田℃es offbedomis desi龃ed andanovel re虹lote center

of mo矗∞mechanism is adopted in the mbot s订uctIlre．The 1【in啪atics and也e mapping

rclationsbip am then esta_blished’the g州坶compensation con订ol s仃ate呈Ⅳand也e h壮d

t他mor elimi删∞algorithm are aDplied to achieve the hi曲modon accumcyI The

experi舶鼎ats吼an am6cial eyebaU and an in v证D porcine eye are condllcted，verif恤g也e
fe髂ibiIi印of也is system．

DOI：10．1186／s10033．018．0263．O

Sta6c Force Analysis of Foot of EIectricaUy DriVen HeaVy-Duty Six．Legged

I沁bot呻der Tripod Gmt．

zh∞Liu·Hong-Ch∞zh啪g·Hai-Bo Gao·zoI培一Qu柚Deng·Li柚g D啦
Abstllct：The electricalIy driven six—legged robot witll lliP血carr蜊ng capacity is缸

indispamble eqllipment f-0r pl柚etary explo】ra矗on，but“hinde巧its practica_bility beca哪e of

its low e伍ci髓cy of carrying encrI甄Me删hnc，诋load c印ac时“so a氏cts its application

均nge．Tb托duce血e pow盯con飘mlption'incre幽e the load t0 m舔s rado，壮d imDrove也e

stabili坤ofrobot，也e碥lationship between the waudn2 modes锄d the forces offbct眦der the

仃ipod里嘶t a玮re明棚℃hed lbr an eloctrically driven he a_vy．duty si】【．1egged robot．Based on the

configura虹on d协mcteris石cs of ele硎cally driVen heavy．dllty s：i)【一legged，the勺，pical walkillg

Inodes of mbOt are analvzed．The mathemadcal moiIels of the nonnal fbr℃es of feet are

∞sp∞吐vely established und盯the硒pod gait Of typi∞1 wa瞄ng modes．Accordjng to也e

MArLAB softwa坞，the v8ria_ble删ency charts a坨respectively鼬ined for the n咖al forces

of feet．The w蛐g e邳哪im∞忸衄dcf tbe typical仃iDod gai忸arc inlplemented for the

p】旧蕾0咖of electri∞IIy driven h朗vy-du坶si)【．1egged mbot．TheⅦriable tcmd衄cies of

m御【i]邮m n叭mal fbrces offbet are acquired．The co埘呻arison∞sults show that the theo硎cal
and e)【peri埘旧ntal纰are．m the s锄e仃end．The walkin窟modcs whidh are most avajldble to

托alize the ava醒e fbme of dis扛ibud∞ofeach f-oot are con丘巾】ed．The肿posed method of

如aly五ng the他l撕onship betw嘲the wal虹ng modes and血e forces of fbct can qllickly

de咖ine the op劬al wallc．mg modIe and lrait pa姗ete璐lmder the average dis仃ibution of

fbot fbrce。which is pmpi廿ous t0 develop me盟cell衄t hea、，y—du坶瑚吡lti．1egged robots wi血

the 10wer pow盯cm圈唧don'Iarg盯load t0 m勰s tatio，龃d hi曲盯stability．

DOI：10．1186／s10033．018∞260．3

StmctIIr蛆Syn也esis 0f ParaⅡel M∞hanisms诵伍埘gh Roh60nal Capabm哪．

Xiao—Dong Jin·Y∞-Fa Fang·Sheng(如o·Hai—Bo Qu

Abstract： Most pmllel mechanisms (PMs) encountercd tod薯Iy have a common

dis“Ivantage，i．e．，their low rotational capability．In order to develop PMs with high

rotational capability，a f砌ly of novel manipulato塔with one or two dimensional ro切吨ions

is proposed．The planar oⅡe-rotational one-廿距slational (1RlT)and one．rotati∞al

two-订anslati∞al(1R2T)PMs evolved劬m也e cmk．and．mck盯mechanism∞RMl黜
presented by means of Lie掣Dup theoryI A sp砒ial 2R1T PM柚d a 2R panIlel moving

platfb珊with bifilmated lar窑e—angle ro枷ons are pIDposed by onho窖onal combination of

tl地剐时己R lim_bs．According t0 the product principle of the displ∞em胁t group theory'a

hybrid 2R3T mechanism in possession of bi丘lrcated motion is 01btained by co衄ecdn2 the

2R pamllel movin窑platfonn wi也a pamllel pan，which is cons佃lcted by follr 3T1R

kinematic dlains．The presented mani叫ato璐possess hi里血rotational capability．The

proposed rcsearch训ches the f砌ly of spatial m∞hanisms粗d the cons仇lction me也od

provides an ins仇lc6∞t0 design mo托complex mech蛐isms．
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A C0mpa阳廿ve StIldy佃op明CiMun V01ta神MOdels for Li恤i咖_ion Bat蛔r萱髑．

Ouan-Qing Yu·Rui Xiong·Le-Yi W粕g·Cheng Lin

Abstract：The cun℃nt research of state of charge(SoC)online estimation of lithi岫．ion
battery皿iB)in eIectric vehicles(EVs)rminly focuses 0n ad叩ting or impmving ofbat呻
models and estimation filters．HoweveL linle a_吮确on has been paid to tlle accuracv of

various open circuit voltage(0CV)models fbr con．ecting the SoC with aid of也e

amperc-hol】r counting method．This paper p∞s钮ts a comprche璐ive comp撕son stIldy on

eighteen OCV models which cover me maiorit!I，of models璐ed in litemtllre．The low．currcnt

OCV tests are conducted on the typic“ co姗erciai LiFeP04／盯aphite (LFP) 蛐d

LiNiⅣmC002／脚hite(NMC)cells to obtain the experimen切l OCV．SoC curves at di伍orent

锄bient temDeralure趾d a咖g stages．With selected 0CV and SoC points fbm experimental

0CV二SoC cun，es，the p缸aIneters of each OCV model are deter玎血ed by curve fimng toolbox

Of MAn，AB 2013．Then the fimng OCV-SOC curves b弱ed on diversi丘ed 0CV modcls are

also obtained．The iIldicator ofrDot—mean．squ盯e error(RMSE)between the expcrim咖l协
and fitIBd咖is selected to evaluate the a血Dtabilities of也ese 0CV moCIels fbr their main

featIlres， adv强ta2es，and liIIli枷。嬲．The sensmvities of 0CV Inodels to 跚bient
temperatI】res，aging stages，mlmbe培of data points，and SoC regions are stIldied for both

NMC and LFP ceUs．Furth豇T∞佗．tlle innuences of nlese models on SoC estimation眦
discussed．Thmu曲a co皿∞rehensive co埘IDarison and analvsis on OCV models，some

recommend撕。璐in selec血g oCV models forbothNMC锄d LFP cells a阳given．

DOI：10．1 186／s10033．018．0273—v

Innuence Anab，sis of Machinin2 and InstaUation Errors on the RadiaI

S廿ffness 0f a Non．Pneumatic Mechanical Elastic WheeL

You．01-ln z11ao·Zhen Xiao·Fen Lin·Ming．MiIl Zhu·Yao．Ji DeIlg

Abstract：Machining and instaU撕on errors are unavoi曲ble in mechanical s仃uc眦s．
Howcver'也e efrect of e丌ors on radial stifmess of the mechanical el嬲dc wheel(～匝-Wh∞1)

is not considered in previoIls stIldies．Tb this end，the imerval ma也ematical modeI趾d

interval finite element model of me M[E．、^meel were both established蚰d co姗ared wim

bench test rcsults．The intcrcomparison of the innuence of the machining蛆d installation

e玎ors on the ME．wheel radial sti伍∽ss revealed good comis咖cy锄on窟the interval

撇th锄tical锄lysis。_inteIval finjte elemen￡simulati∞，粕d b曲ch test results．Wjthin the

in哪al瑚咀ge of血e ME．Wheel madlining and instaUation erro塔，p孤黜tric锄lysis of me

co nl_bined el髂tic rings w船perfbrmcd at di仃brent“tial mdial fi西di婶values．The reslllts

showcd that tlle iIlmal radial sti捕睢ss of me nexible tire body si辨mc衄tly innuenced the

M匝．、Ⅳheel硼ial stifmess，and the inve礴e relationship between the hiIlge llI血lengIh or

susDension hub柚d山e radial s蜘hess was nonline札The radial sti恤ess ofme M旧一Ⅵ，Ileelis

pmdicted by using tlle interval algorithm for血e first time，and the re丹llari竹of the洲al
s喇hess between the ermr锄d the load on the～m—Wheel is studied'which will lav the

矗Ⅻ皿删叩fbf the exact stIlclv of也e ME．Wheel dvnamic chmcteristics in血e fIlture．

DOI：lO．1186／sl0033．018-0262一l

Performance Analysis aⅡd Improvement of FIat Torque ConVerters Using

DoE Method．GuaIlg—Qi拍g Wu·Jie Chen·Wen—Jie Zhu

Abstract：Automotive torque convene娼have recently been desi母璩d with an irIcreasingly
narro、ver pr06le for the p唧ose ofachieving a smaUer axial size and北ducing weight．Desil；n
of exDerimem∞0E)and compmational fluid dyn锄ics(CFD)techniques a他applied t0

inlpmve the perfommce of a nat岫ue conve巾er．Four torque converte鼯with diff毫陀nt

na恤ess ratios(O．204，0．186，O．172，姐d O．158)are designed缸Id simulated first to investigate

the e丘bcts ofna蜘屺ss ratio on也eir ovemU pcI击叽m柚ce，including e丘iciency，torque瑚瞳io，砌1d

impellef torque factor．The simulation results show that the overall perfbm髓ce tends t0

de矧oratc as the natness枷o decreases．Then a pamm删c stuiIy covcring six geo加“c
p孤_a]mete璐，n锄ely'inlet and outlct angles of i加pener'劬ine，and stat('r is carried oln．The

re眦lts demons眦e mat the inlet and叽tlet angles play an important mle iIl iIctcmining the

perfon啪ce chamctefistics of a torque converteL Fllnherr∞re，the relative import龇lce of the

six d船ign par砌eters is i11vestigaled using DOE mc也od fbr e∞h rcsponse(staU torque础。
锄d peak e伍ciency)．The tIlrbine olnIet angle is fb聃d to exert the掣℃atest influence on bo山

rcsponses．After DOE撇1ysis，an optimized dlesil皿fbr the flat torque corⅣerter geome仃y is

obtained．Compared to the conventional product，the wid也of the optilnized flat torque

converter toms is rcduced by abom 20％while血e values of staU torque训。柚d peak

efficiency are only dec陀ased by O．4％and 1．7％，respectively．The pr0I，osed new optimi五Lti衄

s呲gy b勰ed on DOE me血od together with desirabili竹fIlnction appmach c龃be used for

p曲m她ce enh强cement in the design pmcess ofnat torque corⅣemfs．
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pIDposed础od’pmdllcing鲫rfkes with high water s枷c con协ct angles
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Experiment蛆Evalua伽n on G血mn2 T旺tIln on FlaⅡk Face iⅡCham托r

Mmin卫0f Staimess St∞1．

Ⅺan-LiLiu·Jin_Kui Shi·Wei Ji·Li．HuiW抽g

Abstract：The surfke q腿lity of ckuⅢh mimng of s蒯ess stcel is closed related to the

prodllc臼of 3C(Compu衄，Com加砌cation趾d C删1s岫er elec仃onics)，、Ⅳl坞re a cu仕盯is a

m旬or part to achieve血at．Targ锄g a hi曲q吼li锣cu№r’强experimental evaluation is

carried out on the infIu锄ce of grinmng textIlre of cu执er fl觚k fhce衄surf她e qualit!Ir．The

mathema廿c瑚dels of ch锄fbf cll仕er are esta_blished，强d they are validated by a枷lmerical

sinm蜥∞．Also也e掣i埘曲19№are g∞emted by the modeIs and tcstcd by a gdnding
si珈山dd∞f．0r safety re嬲蛆s．Th饥，a set of chamfh c咖ng tools a∞machined in a five．a】【is

CNC掣inmng m觚蛐e，姐d c∞sist of five angles between the cul廿ng edge and the蛐ding
t既tu碍∞the lst n衄k fhces，i．e．，O。，150，300，450蛐d 600．Funllcmore，the machjned

cutdng tools a咒testcd in a series of miUing唧erim咖惦of cb疵r hole of stainless steel，

whe∞cu埘血g f．0rces蛆d蜘lrfhce加orDhologies are me戤mred趾d observed．The results show

that the best s眦of bo重h矾】rfhce口uality and呲ing fbrce is archived bv血e t001 wi山45。

蛐ding textIlre，which can pm、，ide a support fbr m籼factI】ring of c咖ng tool used in

ch锄fcr mjlling．

DOI：lO．1186／s10033-018一0265．y

New Measu心meⅡt Me也od for SpUⅡe Shan RomⅡ2 P盯formance Evmuation

usin2 Laser DispIacement SensOr．

H衄g-Wei Li·盈li—Qiang Liang·Jia-JiePei·Li Ji∞·Li-J吨Xie·Ⅺ一BinW蚰g
Abstract：h ordcr to contml the quali哆of spline shaft in r01ling pmcess，孤e施ciem
me鹬urem锄t memod for mlling pe—．omance evaluation is essential．Herc，a newly

developed on—m∽hine∞n．c∞tact measurcment pIDto坤pe b船ed on lascr displacement

sensor and rota珂encoder is proposed．The prototype is intended f‘0r the alltomated

evalu撕∞of the spli北dhaft mlling pem棚姐ce by measllring the dim吼si∞al ch粕ge of

tooth root，which is correl龇ed with the smfhce residual s仃ess and micro—h砌ness．Laser
displ觚瑚粥nt 3ensor锄d T0tary钮coder缸e used to TecoTd the polar radius and pol缸angle

of each po血∞measuring secdon．Da诅a托displayed in a polar coordina把system蛆d
fitted in a geaL Thmugh multipoint cllrvat哪method，the mots of spline shaft are

reco弘ized auto训cally．Th髓，the dim髓sional change can be calculated by fitti|19也e

radius of也e too也mot circle befbre姐d aft盱rolling．Systematic ermr covemg o啦et error

is also蛆alyzed and caln姗lted．At l嬲t，measllrem曲t test rc．mns show that the systeln h雒

advantages of simple s仉lctIlre，high me鹊u坞ment prccision(阳dius error<O．6肛m)，hi曲
measurement e历ciency(mea吼lring time<．2 s)and automatic co咖I abili饥pmviding a

new opportI】nity for the e伍cient evaluation of various spHne shafts in high-precision
mechanical pmcessing．
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Determination of Surface R0ughness inWh and时c Additive Manufactu血g
Based on Laser Vision Sensin2．

Jull Xiong·Yan．Jiang Li·Zi．Oiu Yin·Hui Chen

Abstract：Wi∞柚d arc additive m粕ufac岫g(Ⅵ，AAM)shows a great promi靶for

f抽ricating fIllly dense metal pans by means of Inelting materials in layers llsiⅡg a welding

heat saurce．However’due to a large layer height pmduced iIl WA甜订，粕unsaIisfact0Iy

surfke rougllness of parts processed by this technology h髂been a kcy issue．A methodology

based on l硒cr vision sensing is proposed to qu锄titatively cakulate山e s时hce rougbness of

pans depositcd byⅥ，^AM．Calibmtions f'or a camera and a laser pl缸e of the 0ptical systcm

arc presented．The recons仃uction precision ofthe laser vision systcm is verified by a stan枷
wOfkpiece．Additionally，this detennination apl)mach is umized t0 calculate the吼lrfke

roughness of a mum—layer s抽gle-pass thin-walled pan．The res山ts indicate that the叩tical

me船urement appmach based on me l船er vision sensing is a si唧le锄d efrective way to

characterize tlle sllrface mughness of御lns deposited by WAAM．The m腿im岫absohlte
error is less th姐O．15 mm．The proDosed research pm、，ides tlle folln捌on for锄rf她e

roughness 0ptiIIlization with diffbrent process pmmete璐．

DOI：lO．1186／s10033-018—0266-x

Numerical Study on the Stress-Strain Cyde of Thermal Self-Compressing

BoⅡmng．Yun．HuaDeng·QiaoGu衄·JunTao·BingWu

Abst憎ct：The衄al self_compressing bonding(TSCB)is a new solid-s诅te b伽ding method

pioneered by tlle authors．with electron be锄as me non—melted heat source，previolls

exp喇Ⅱlental study perfo锄ed on titani啪alloys has pmVed t11e fc嬲ibilny of TsCB．

However，也e th黜aI s仃ess—strain process dllring bondin岛which is of Very i玎1p潮t
significaIlce in revealillg the mechanism of TSCB，was not孤alysed．In mis p印er，觚te
element孤alysis method is adopted to肌m鲥cally stIldy the themal el勰to-pl鹊tic

s仃css-strain cycle of t11咖al self-compressing bonding．n is fb岫d that dlle tO tlle localized

heating，a non-mlifofm tempe翰tIIre dis啊buti∞is fo衄ed d味ng bonding，with the highest

temperalWe existed on the bond interface．111e expansion of high teInperaturc materials

adjacent to me bond interfke are restrained by s哪lmding cool m舢erials锄d ri百d res仃j血lts，

and thus趾intemal eIasto—plastic s仃ess—s仃ain field is deVel叩ed by i乜elf which mal【es血e

bond interfke subjected to the啪al compressiVe action．This themal selfcompressing acti∞

combined with山e high tempemtIlre on也e bond缸erfke pronlotes血e atom diffusion acmss

the bond interface to pmduce solid．s眦e joints．Due to tlle rclatiVely large pl船tic defo衄ation，
rigid res仃aint TSCB obtains sound joints in relatively short time comp盯ed to difmsion

bonding．

DoI：lO．1 186，s10033-018-0274一x

Research on opportllnity-Driven Redesign Process To Cooperate With

Training Innova6ve EⅡ酉neers in China．

R11n—Hlla T姐·Ya·F她Dong·Bo-J吼Yang·Peng Zh如g

Abstr曩ct：Many design engineers in cross-domain industries have attended仃洳iIlg cl髂ses of

TRIz to improve their innovative abilities iIl China．Most of也em are successml，but omers

are not．So the latest target of the仃ainers is to improVe the舰ining process llsed now in

indusny in China趾d t0 make也e engineers to underst蛆d the b私ic p血ciples of TRIZ betteL

Based on tlle mss—engineer_oriented仃aining model(MEOTM)and mech趾ical engineers’

desi弘cases，a felationship beMe髓managing actiVmes about也e oppomlnities for

innovation and the仃aining pmcess is set up．n is sho、Ⅳn也at tlle iIlVentiVe problems come

first自om oppommity searching for engineers．A廿aining and gate system for eValuation is

developed to involve the maIlaging activities of the comp趾ies in the仃aining process．Th吼

comparison be呐een the general她alogous process她d the application of TRIZ is made，

which shows me adv柚tages and dep也p矗Ilciples ofⅡ叱for tlle engi雎e嚣to apply nlem

confideIltly．L髂tly a new process is fomed in which oppomlnity searchiⅡg，engineers

n_ainin岛inventive problems idemi轴g and solVing，and也ree redesign paths are connected

se鼬lessly．The research proposes an opportIlIdty一嘶Ven redesign path mat cooperates the

n．aining and opponunity searching，which will be applied in如咖劬ining classes to make

mo咒锄d morc engineerS to follow．
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(b)StructIlre ofodd slidings ofsurface

(c)Snllcture ofbig texture ofsurface

DOI：lO．1186，sl0033．018．0272．z

E仃ht Of MicmDimpIes onⅡydrOdynamic LubricaHon 0f Textured SinusoidaI

Rou譬hness Surfac鹪．Jin叠．Hu Ji·Cai-Wei Guan·YOn譬．Hong Fu

Abstract：Surfhce textI】ring h鹤been applied t0 improving the砸bolo画caI ped研mance of

m∞llani阻l c0瑚p(m黜I伍fbr Tnany yea璐．o埘脚tly，the他se砌％silI“atc the fnm pressu他

di矧b嘶∞of teⅨtIl代d rou曲surfhces on lhe b粥is of the average now Inodel，锄d however the

infIuence of roug!bness on the丘lm pmssure dis埘b皿∞coIlld not be p玎ecisely expressed．

Theref．0咒，in ordef to study the hydrodyDamic lubri蒯on of the fDu吐textured吼lrfh淄，
面眦s0砌w8v嚣am朗∞loyed t0 ch砒戡艇d臻髓惦灶u脚酬缸砬舔．A dt：tc盯ninis畦c加odel董br

h1昨I加dynanlic lubri训on of micrD．dj玎】ple texlured rou吐吼lrfkes is developcd to predict the

di矧b嘶∞of hy‘lIDI扣锄ic p髂叫e．By supplcn吣州th也e JF0 c删枷on bo吡l哪也e
10ad c缸r)rjng capac时ofthe film plDduccd by nlicm-dimpl鼯柚d r0『Il_gbll鼯s is obtained．And llle

geoIr砌c p铀麓n圯tc培of te蔗tI|red rou曲飘lrfhce are oDdrnizcd t0 obtain血e n擒)dJI毗m

hy血坞恤mic 1Il_嘶c撕on by sp_∞if妯g锄op血1跏∞goal of the load c觚ying c印acj劬助e
dIbct of rou窖血ne蹒on the byd劬namjc pressure of surfhce tcxtIl∞is si鲥五c锄t蛆d the load

carrying cap∞i移d∞ms鼯willl血e iIlcre懿e of也e rou醇m船s rabo hwa啦e血e roughI螂s g删ly
sⅦ，p咒sses也e hydmdynamjc eff酏tofdiInples．n showsthattlle rouP蛔ess删oofsllrfhcemaybe
as甜nall as possiblc to飘琊_p】他豁血e e丘bct ofh”ho由m锄ic Iubri酬on．Addid∞aUy’也ere am也e

op6mum values of 1he micro—di如啦Ie dep也and area density t0 m∞【imize the load c舡D，ing

cap粒ity f10r any given Wdl"of lhe r0『Il_吕Ilness删o．The pI印osed appro∞h is cap曲le of

ac吼啪岫ly碍n∞ts the influen∞of rou翊m伪s on the bydrodynamjc pmssure，and develaped a

det豇ⅡIillisdc nlodel t0 investi瞬1he hy血Ddynamic lubri训on oftexmrod岛lr角ccs．

DOI：10．1186／s10033．018．0261．2

NanoscaIe Reciproca6ng SHding Contacts of Textured Surfhces：IⅡnuence of

StructIIre Pa腿meters and Indenta60n Depth．Rui-Ting Tong·Geng Liu

Abstract：Tbx咖d sm蟊峙es are widely used in engineering co皿lponents as they can improve

研bolo西cal pmpemes of sliding contacts，while the detailed behaviors of nanoscale

reciprocating sliding con协cts of textIlred sllrfaces arc still lack of s砌yI By using multiscale

me也od，铆o dimensional nanoscale reciproca恤g sliding contacts of tcxtumd sⅧfhces are

ilwes埏ated．The inn啪ce of ind∞伽∞d印th，tc】【tu托sh印e，texture sp扯ing，跹d咖墙di璐
on the average伍ction forces and也e mmling—in stages is stIldied．The reslllts show that the

Iowest砌entation depth c锄lnake aU the f矾】r tex“【red 8urfhces reach steady state．Smfhces

with right-蛆gled仃apezoid textIl托s on the right side are be仕er ftor reducing the nming．in
stalre，蛆d surfhces with ri吐t-姐gled脚ezoid textll∞s on the leR sicle are ben捌?to re(tuce

wear．Co埘【parcd with other textIlred suIfhc豁，the total averaEe衔ction fbrces can be reduced

by 82．94％一91．49％for the c船e of tlle contact between the tiD wim mdius矗=60托趾d mc

isosceles咖ezoid textIl聆d surf如e．Besides，也e total avem鼬mction forces incrc硒e with the

tip radii due t0也at bigger tip will induce higher cont∞t areas．This research propoSes a

矗I诅iled study on nanoscale rccipmcating sliding contacts oftextured surf如es，to con扛jbute to

desi驴textIl】red slIrfaces，rcduce衔ction锄d wear．

DOI：10．1186／sl0033．018．0264．z

Numerical Inves廿2a60n of the nuid now Characteristics in the Hub Plate

Crown of a CentrifugaI PumD．Wei Dong·Wu．Li Chu

气bstnct：DIle to也e lack Of衄derstanding in the now mechanism oftlle hllb plate crown'也c

currcnt calclIlation of the disc衔cdon lOss and the axial血mst in the cenm如鼬l pump o脑
uses empmcal f0Hnulas．Research on也e flow dhamcteristics of the hllb plate crown is of

practical si画ficance．The sll|．0ud and hlIb cavities are respectively stIIdied with regard to

t姐gential锄d mdial velocities at the four di妇fcrcnt如glllar positions(Oo，900，1800，and 270。)
at the follr di饪渤t op喇tional points(O．6鳓，O．8鳓，1．O如，缸d 1．2幽)．Rcsults indicate

fhat at tlle same opera吐onal point，the smaller也e volute cha|玎_ber sectionaI ar％is，the hi吐er
che tange嘶al veloci坶ofthe fluid core zone ofthe shmud cavi钾is．Radialleal【age now丘om

the voIute to tbe seal血g at tlle s锄e ope硎onal poim appea瑙in 00 and 900 di碍ction：when

Ihe now is large，the tangential肌d豫dial velocities of the shroud and hlIb cavities wi恤the

same radius t姐d to be equal with axial s”[nIne自阱The axial leakaP晦flow throu星由the bal姐ce

holes si嘶ficantly afIbcts也e mdial dis仃ib嘶on of bo也ta血g训al and r砌al velocities of

fluid now in也e hub cavity．The n啪crical calculation rcsults of nuid leakage mrouP血the

cleamce of back sealil唱ring arc in good agme咖t with the test results．Accordingl弘the

rm蛳mde of 1eakagc is dosely relatcd to the nuid p化ssu他姐d veloci衅mstriblnion in lhe

hub plate cfown of the cen缸fIlgal pump．The analysis of也e now chmc涮stics in fhe hub

plate crown of tlle centri如Eal pump could reveal也e ca璐e of the disc伍ction loss丘Om the

mechanism，providing a signific柚t glIid觚ce for improving the accur扯y of calculati∞锄d

bal肌cing the axial thmst in the cen研fll叠ral pll皿Ip．
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Innuence of Self二旺cited vibratin2 Cavi钾Structure on Dmplet Diameter

Characteristics of Twin-nuid Nozzle．

Bo Chen·Dian．Rong Gao·Shao．Feng Wu·Jian．Hua Zhao

Abstract：n is a目_eat challenge to find efrective ato血zing technOlogy fbr reducing indus仃ial

polllnion：the twill．fluid atomizing nozzle has d】?awn田．eat al：temion in this field rec训y．
a盯rcnt stIIdies on t、)l，in．nllid nozzles mainly foclls on dmplet breakLlp and single droplct

characl：eristics．Research mlating to the infIuences of strLlctIlral pm雠ters on也e drDplet

di棚neter char∞teristics in the flow fieId is scarcely available．hl this paper'the influence of a

sel‘excited vjb训ng cavi坤smlctIlre∞dlDplet di砌etef ch删硎96cs was investigated．

TWin．flllid atomiziIl2 tests were pe—hmled by a seH地Iuin open a1Drnizing test bench，which

was based on a曲ase Doppler particle弛alyzer(PDPA)．The atomizing now field of the

俯in．fluid nozzle wim a self_excited vib础ng c撕ty and its a_bsence we坞tested and

analvzed．Thcn the atomizing now field Of tlle嘶nuid nozzle们th di岱珧m self_exc沁d

、，ib觚ng cavi钾s衄lctIlres w船investigated．The e)【perim∞tal∞s11lts sbow that the蛐nlc删
Darameters of me self-excitcd vib枷ng c撕坤had a great effect on也e breakup of large

dmplc乜．The Sallter mean di啪eter(SⅧ)iIlcreased wim the increase of orifice dianleter or

orifice d印th．Moreover'a smaller orifice diar∞ter or orifice dcpth w船beneficial t0

enhancing the劬uIence around the outlet ofn02zIe and decreasing the SMD．The at删zing
口e—、0mlance was better when the orifice di锄eter w嬲2．O mm 0r tlle ofifice depth was 1．5

mm．Furthennore．the SMD increased first and men CIecreased with the increase of the

dis切Ilce between也e∞zzle outlet and selfexcited vibm血g cavi饥蛐d the S～ID of mo∞

tll粕k肛the舢oInizing now field、Ⅳas udcr 35岫wh％the dis协nce was 5．O mm．h

addition．with the inc托ase of axial and radial dis切nce fhHn the nozzle outlet。tlle SMD锄d

龇ithmetic me缸diameter“U讧D)tend to increase．The research resllhs provide some desi星皿

p棚卸meters fbf the twin．fluid nozzle，and tlle experimental resuns collld senre as a beneficial

suDDIemem to the椭．nuid nozzle stIldM
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