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Abstract:Fatigueisthemajorcauseofcomponentorstructurefailure.A
novelcrackarrestinggunprovidingfreeoperatingflexibilitytorepair/arrest

thefatiguecrackisdesigned.ItcanbeautomaticallyoperatedbyPLCcontrol

witharobotarm.Thenano-materialisappliedatacertaintemperaturelower

thanmeltingpointonlocalareasofstructureorcomponenttorepairthecrack.

Thecrackarrestinggunincludesbody,handle,camera,nozzleandpiston

assembly.Inthisdevice,thelaseris used as heating medium and a

temperaturesensorenablesthe materialflow afterachievingtherequired

temperature.Laserlightfromaremotesourceflowsthroughthenozzlecentral

aperturetotreataworkpiece.Thenozzlecentralaperturemaybesurrounded

bypowderchanneloutletsaligneduponaworkingfocalpointincidentafterthe

laserbeam.Theworkpieceissprayedwithpowderafterheatedbylaserbeam.

Theshockingpressuremayfollowthematerialdepositionprocess.Adistance

sensormayenabletheprocessofrepairingoperationaccordingtothepresence

anddetectionofaflaw.Thecrackarrestingcouldbedonesimplybyits

compactnessandsimplemechanism.Conceptualdesignofthecompactcrack

arrestingdevicegivesahighdegreeoffreedomforoperatingtorepair.
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0 Introduction

Fatigue is the major cause of the

engineeringfailure.Inordertoarrestthefatigue

cracks,variousstudieshavebeenreportedupto

now.Numerousmethodsanddevicesareusedto

enhance the fatigue life of engineering
components.The weldingistheoldestand
widely-usedmethodologytorepairthecracks[1].
Recentlylaserweldingisinitsinfancyandused

primarilyforexoticapplicationswherenoother
weldingprocesswouldbesuitable[2].

Applyingthermalenergytosmallareas,

therearenoothermethodsasefficientaslaser.

Thisabilityofferssomedistinctivemetallurgical

advantagesinsomewelding/heatingtreatment

applications.Sincethesurfaceheatinggenerated

bythelaserlightreliesuponthematerial'sheat

conductivitytoproducetheweld,penetrationis

usuallylimitedtolessthan2 millimeters[3].

However,higherpowerlaser(>106 W/cm2)

couldachieveadeeperpenetrations[4].

Thereareseveraldevicesusedtorepairand



weldthecracks.Butinsomesituationscrack

arrestingcouldnotbedonebyaconventional

processbecauseofsomeapplicationlimitations,

such as a specimen size,arrangement of

instrumentsandresidualstressaftertreatment

likewelding,etc.Wornmetalcomponentsand

assemblies may be repaired through laser

processing with alasersource ofsufficient

intensitytosoftenthe metalsurface whilea

metallicfillerintheformofpowderisintroduced

intothesofteningarea.Insituationswherethe

worksurfaceisnotaccessiblebyconventional

methods and workstation-type equipment,a

compactcrackarrestinglasergunispreferred.

Other cases may involve the repair of

componentshavingirregularandrandomcracks

nototherwiserepairable.Inordertoperform

repairsofthecracks,aportableandflexible

deliverysystemisrequiredforlaser,filleras

wellascompressivestress.Thisdesignprovides

fortheseneedsthroughthecombinationoflaser

beam,nanoparticlesormetalpowderdelivery
andpistoncomponentsintoacompactunit.The

lasersourceisacontinuouswaveofNd:YAG

laser.

1 Workingprincipleofthefatigue
crackarrestinggun

Ingeneral,thesurfaceofametallicmaterial

may be welded and/or alloyed by the

simultaneousandcooperativeoperationofalaser

beam andanalloypowderflow stream.To

accomplishthispurpose,systemsexistthathave

alasersourceandfocusingapparatus,witha

powderdeliveryapparatusprovidedaspartofan

integral package. The laser beam heats a

relativelysmallareaatthesurfaceofthearticle,

andcontrolledvolumesofalloyingparticlesare

deliveredintothemeltpoolviathepowderflow

stream[5].

Inconventionaldevicesthecrackisrepaired

throughwelding,itleavestheresidualstress.A

newconceptualdevice,compactcrackarresting
lasergunisdesigned.Thecrackarrestinglaser

guntreatsmetallicmaterialsbythecooperative

operationofalaserbeam,nano-materialstream

andpressureshockasperthecondition.To

accomplishthisaim,system having alaser

source,focusing apparatusisinvented with

nano-materialdeliverytankaspartofanintegral

package.Thelaserbeamsoftens(lessthanthe

meltingpointofmetallicmaterial)thecracktip
onthesurfaceofthearticle;acontrolledvolume

ofnanoparticlesisdeliveredintothesoftening

poolvia powder flow stream at a certain

velocity.Later,the pressure may exertif

needed.Thislasergungivesthefreeabilityfor

the userto manipulateitin aconventional

mannerduringtherepairingprocess.

2 Methodology

Thedesign methodologyconsistsofthe

detailsofthedesigning.Fig.1isthepractical

presentationofthestepsofthemethodology.

This paper surveys the crack arresting
techniques and methodology, furthermore,

coversthedeviceand mechanism beingused.

Theaspectsarereviewed critically and the

limitations of the existing device and

methodologywouldbeovercome.Accordingto

theapplicationenvironment,thelaserpower,

beamsize,fillerandsensorcanbechanged.

Inthelaserenergycalculation,asinthis

technique,theoperatingtemperatureislower

thanthemeltingpointofthesubstrate.

Knowingthesizeofthefocusedspotis

helpfulincalculatingenergydensityonthework

surface.

For a fundamental mode (transverse

electromagneticmode,TEM)beam:
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S=4λπ×F
D

(1)

WhereSisthefocusedspotdiameter;λislaser

wavelength;Fisfocallengthofobjectivelens;

Disdiameteroflaserbeam.

Fig.1 Designmethodology

Inperformingalasertreatment,opticlens

tofocusthelaserbeamtothedesiredsizeare

necessary.Foramultimodebeam:

S=FΦ (2)

WhereΦisthelaserbeamdivergence.

Ifoneassumestheparttoberepairedasa

semi-infinitesolid,withaconstantincidentheat

flux,thetemperaturedistributionasafunction

ofdepthintothematerialisgivenby[6]:
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WhereT(x,t)istemperatureatadistancex

belowtheworksurface,atatimetafterstartof

constantheatinput;Eisconstantheatflux

input;Kisthermalconductivity;kisthermal

diffusivity;erf(·)is complimentary error

function.

And on the surface (x = 0),the

temperaturerisewillbe:

T(x,t)|x=0 =2EK × kt
π

æ

è
ç

ö

ø
÷

1/2

After that,the components (camera,

temperaturesensor,crack flaw sensor)are

designed and purchased as per design.

Fabricating and assembling the device,and

testingitpractically,andifit'snecessaryto

adjustthecomponent'saccessoriesandtheir

parameters.Processisfinishedfora better

look,safetyandeasytooperate.

3 Devicemodel

The CAD exploded modelofthecrack

arresting device is shown in Fig. 2.It

demonstratesthemainpartsofthedevice.

1handle;2handlepin;3distancesensor;4nozzle

coverprotectingthemicronnozzle;5temperature

sensor;6 main body;7 materialflow sensor;

8nanopowderstank;9flexiblepipeforair/gas

supply;10opticfiberconnector;11pistonsupport;

12cylinder;13 piston;14 camera;15 mirror

assembly;16cameraconnector

Fig.2 CADexplodedmodelofthecrackarrestingdevice

Crosssectionalviewofthedeviceisshown

inFig.3,whichdefinesthearrangementofthe
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partsandgivesaglimpseofassembly.Theparts

andmaterialsarelistedinTab.1.

Fig.3 Crosssectionalviewofcrackarrestingdevice

Tab.1 Crackarrestingdevicepartsandmaterials

No. Parts Materials

1 anozzle siliconnitride

2 frontcover aluminum-6061

3 mandrel carbonsteel

4 cylinder stainlesssteel

5 connector(a) stainlesssteel

6 cylinderbracket aluminum-6061

7 connector(b) stainlesssteel

8 connector(c) stainlesssteel

9 laserfocusmodule stainlesssteel

10 opticfiberconnector

11 opticfiberholder aluminum-6061

12 dichroicmirror glass

13 handle ABSplastic

14 screw(GB/T2171.1)M5×1014 lowcarbonsteel

15 connector(d) stainlesssteel

16 nuts(GB/T6174)M416 lowcarbonsteel

17 distancesensor

4 Discussion

Thepresentinventionprovidesahand-held

crackarrestinglasergun.Itallowscustomized

fatiguecrackarrestingbydeliveryoflaserlight,

nano-particlesandcompressivestress.Thelaser

heatsthearticlestosoftenthesmallarea.The

nano-particles follow thelaser with certain

velocityinthesofteningpool.Theabilityto

providesuchacompactcrackarrestingsystem

increasesconvenience,facilitatestheuserto

repairobjectswithhigherskill,flexibilityand

efficiency.

Inoneembodiment,thelasergunincludesa

body,anozzleassemblymountedonthebody

andapistonassembledonthenozzle.Thenozzle

assembly defines a nozzle centralaperture,

through whichgasandlight,includinglaser

light,maypass.Thenozzledefinesthefirstand

thesecondpowderflowchannelsalignedwitha

workingfocalpointadjacenttothenozzlecentral

aperture.Thenano-materialpowder may be

transmittedthroughthefirstandthesecond

powderflowchannelsforrepairingafteralaser

light transmits through the nozzle central

aperture.

In another embodiment, a method is

provided to manually arrest a crack on a

workpieceinordertorepair.Thenano-particles-

fedlasergunisprovidedwhichcanbemanually

operated.Insuch manualoperation,thegun

generallyenjoyssignificantdegreesofspatial

freedomsothattheoperatormaydisposethe

guninavarietyandnumberofeasily-achieved

positions.In this way,the operator may

conformhisactivitiestotheneedsathandandis

preferablynotlimitedbyphysicalconstraintsof

thelasergun.

Other features and advantages of the

presentinventionwillbecomeapparentfromthe

following description of the preferred

embodiment,takenin conjunction with the

accompanyingdrawings,whichillustrate,by

wayofexample,theprinciplesoftheinvention.
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5 Conclusion

A novel conceptual design of compact

fatiguecrack arresting deviceisstudied.It

consistsofabody,handle,camera,nozzleand

pistonassembly (optional).Construction of

compactfatiguecrackarrestingdevice(manually

operated)is given.Itis achieved by its

compactnessandsimplemechanism.Itcanbe

automaticallyoperatedbyPLCcontrolwitha

robotarm.Thecrackarrestingcouldsimplybe

done.Itretardsthefatiguecrackgrowthinthe

localareabyimpactingcoherentbeamoflighton

acrackflaw.Thecracktipisheatedbelowthe

meltingpointofsubstrateand nano-filleris

added.Then,anoptionalprocessappliesthe

residualcompressivestresswithaidofpiston

andthecrackpropagationisretarted.
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一种新型简捷式疲劳裂纹修复仪概念设计

Rizwanulhaque Syed*, 蒋 玮, 裴 斐, 曾 庆 团, 于 子 淳, 高 远 长

(大连理工大学 机械工程学院,辽宁 大连 116024)

摘要:疲劳是零件或结构失效的主要原因.为此设计了一种操作灵活的新型疲劳裂纹修复

仪,其可通过可编程控制器和机械臂实现自动工作.纳米材料在低于零件或结构熔点的温度

下被用以修复裂纹.裂纹修复仪主要由机身、手柄、相机、喷嘴和活塞组成.其利用激光作为热

源,温度传感器对温度进行检测并对纳米材料流通道进行控制.来自外部光源的激光通过喷

嘴中心孔照射到工件裂纹处,喷嘴中心孔被粉末通道的出口环绕,粉末出口的方向和激光的

焦点重合,在激光加热工件之后喷上粉末,并在材料沉积工序之后进行压力冲击.距离传感器

能够使修复过程随着裂纹的发现和探测来进行.本设计结构紧凑,原理简单,可以高效完成裂

纹修复.

关键词:激光(Nd:YAG);裂纹;裂纹修复;纳米材料
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