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Abstract:ToimprovethecontrolefficiencyofSuperconductingElectronCyclotronResonanceIon
source(SECRAL)forHeavyIonResearchFacilityinLanzhou(HIRFL),aremotecontrolsystem
wasdesignedandsetupinJuly2011.Thecontrolsoftwarepackage,asapartofthesystem,was
implementedbyVisualC++,whichisabletocontrolandmonitoralloftheequipmentsforthe
SECRALsystemwithabout110parameters.Andmanykindsofcontrolprotocolswereusedfor
controllingdifferenttypesofequipmentsinthissoftware.Moreover,inordertopreventthemiso灢
perationwhichmaycausethequenchofthesuperconductingmagnet,alarmandinterlock灢protec灢
tionfunctionsareaddedtothesoftwareandhardwaretoo.Ifsomeerrorsoccurduringtherunning
ofSECARL,thosefunctionsshouldtakeeffectwithin1s.Simultaneously,thedataacquiredfrom
theequipmentscanbestoredindiskevery1sforfollowinganalysis.
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1暋Introduction
TheSECRALionsource,whichwasbuiltto

produceintensebeamsofhighlychargedionsfor
HIRFL[1],isaverycomplexandimportantsystem
forHIRFL.Therearevariousequipmentswhich
areneedtobecontrolled,forexample,Supercon灢
ducting Magnet Power (SMP), High灢Voltage
Power(HVP),Liquid Helium CirculationSystem
(LHCS),Beam MonitorSystem,VacuumSystem
(VS),Microwave Machine,GasInletSystem,
WatertemperatureandpressureSystem(WTPS),
etc..Mostoftheequipmentsareworkinginbad
circumstance,suchaselectromagneticradiation,
microwaveradiation,radioactivityandhighvolt灢
age[2].Forpurposeofgeneratingintensebeamsof
highlychargedions,itisinevitabletoadjustthe

parametersoftheequipmentsrepeatedlyandto
monitorthoseparametersinreal灢time.Andallof
theequipmentswerecontrolledmanuallyandmo灢
nitoredwiththeaidofvideocamerainthepast.In
thatcase,operatingandmaintainingtheionbeam
wasaboring,tiredanddangerousworkwhichmay
leadtothequenchthesuperconducting magnet.
Thatisaveryseriousaccident.Oncetheaccident
appears,ittakesalongtimetorecovery.Soitis
imperativetosetuparemotecontrolsystemtoim灢
provetheefficiencyandsafetyoftheworkandre灢
ducethemisoperation.

Themethodstoachieveacontrolsystemfor
acceleratoraredifferent.Forhardwarepart,the
controlsystemofBES栿 andKEKB mainlycon灢
sistsof VME and CAMAC[3-4].Thosedevices
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couldn暞tbeadoptedinSECRALbecausethespace
ofSECRALisverysmall,andallequipmentsare
distributedindifferentplaces.Whatismore,the
costisveryhigh.TheSECRALcontrolsystemisa
distributedcontrolsystemandallofthecontrollers
whichcomposethecontrolsystemaresmartde灢
vice.Soifpartsofthecontrollersorthecontrol
softwarebreakdown,theotherscanstillwork
normally,ensuringtheSECRAL can bepartial
controlledwhenexceptionisgenerated.Inorderto
reducecosts and shorten R&D (research and
development)time,thesoftwareofSECRALcon灢
trolsystemisdecidedtobedevelopedfrom Visual
C++.

2暋Architectureofthecontrolsystem

Somedifferentmethodsareneededtocontrol

and monitorthe wholesystemsofSECRALfor
theirespecialworkingconditions[5].Forexample,

someequipmentshouldbecontrolledand moni灢
toredvia RS232,RS485and Ethernet.Onthe
otherside,manykindsofsignalsfromsomeequip灢
mentshould bespeciallytreated,suchashigh
voltage(Upto40kV)signalandtheweakcurrent
ofMicroamperelevelsignal.Furthermore,many
otherequipments workinhigh灢voltageplatform
which maydamagethecontrollerwithouttaking
anysafetymeasure.Accordingtotheabovesitua灢
tion,thedistributedcontrolsystem,whichformed
bythreadbusandfunctionmodule,isdesignedfor
SECRAL[6].

Fig.1istheblockdiagramofthissystem.
暋 Inthesystem,alloftheequipmentsare

Fig.1 BlockdiagramofSECRALdistributedcontrolsystem.

controlledthrougha24灢Port灢Switchwhichiscon灢
nectedtotheindustrialPC(IPC).Twoserialport
serversareusedtocontroltheequipmentsthrough
RS232.Sotherelatedequipmentscan becon灢
trolledthroughRS232portdirectly,forexample,

SMP,Helium DepthIndicator module (HDI),

Helium TemperatureMetermodule(HTM),the
metertomeasuretheweightofHelium (MWH),

Model218TemperatureMonitor,KEITHLEY(a
meterusedtomeasureweakcurrent)andDigital
Meter(usedto measure watertemperatureand
pressure).
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Atthesametime,otherequipmentscanbe
controlledthrough Ethernet.Forinstance,the
TPG256(sixportsVacuum gauge)andthecon灢
troller of Bias Voltage/Stove. However,some
kindsofequipments暞interfaceareveryspecial,

suchasCompressor,BiasVoltage,Stove,Device灢
side High灢Voltage, AC灢Motor, High灢Voltage
Power灢Supply and Microwave Machine. As an
example,theBiasVoltageandtheStoveareinthe
complicatedenvironmentofHighVoltageupto40
kV,so the controlsignal must betranslated
throughFiberdrivenbyECS610toavoidequip灢
mentsdamagebyhighvoltage.

Allofthoseequipments暞statusinformation
andcontrolsignalsareobtainedandprocessedvia
the control software running in the center
computerthroughintranet.

3暋Architectureofthesoftware

Fig.2 showsthesoftwarearchitecturefor
SECRALcontrolsystem,andsoftwarepackageis
composed of Get灢Data module, Process灢Data
module,Display Module,File灢Operate module,

Interlock灢Protectionmoduleandsoon.

Fig.2 ArchitectureofSECRALcontrolsystemsoftware.

Themodules暞functionsandworkingprocess

areasfollows:
(1)Get灢Data moduleisusedtoobtaindata

fromthecontrollervianetwork (socketprotocol)

orRS232port.Thismoduleperforms3functions:

settingtheappropriateparameters,sendingthe
rightcommandwhenthecorrespondingequipment
worksandgettingdata.

(2)Afterdatahasbeenobtained,theProcess灢
Data modulewould workimmediatelytodecode
thedataaccordingtotheparameterformat.After
thatthismodulegetstheusefulparameterinfor灢
mationandsendsittothecorrespondingDisplay
modulefordisplaying.

(3)WhentheDisplay Modulegetsthepara灢
meterinformation and relevant data from the
Process灢Datamodule,itwillcalltheChildDisplay
moduleto displaythecorresponding equipment
statesorparameters.AndtheChildDisplaymod灢
ulewouldshow thecurrentparametersforthe
equipment.

(4)TheFile灢Operatemoduleusesatimerto
sampletheequipments暞dataandsaveit.Whenthe
timeisout,thesoftwarewouldwritethedatato
harddiskonthecomputer.

(5)TheInterlock灢Protection moduleisde灢
signedtodetecttheerrorseveryonesecond,once
theerroroccurs,theinterlock protectfunction
wouldtakeeffectrightaway.Inthatcase,the
modulewouldsendtheInterlock灢Protectionsignal
totherelevantcontrollersincaseoftheequipment
damage.Atthesametime,thealarm wouldgo灢
off,notifyingthepersononduty.

Overall,thecontrolsystemsoftwarecannot
onlygetanddisplaythedatainreal灢time,butalso
hasthefunctionsofinterlockprotectionandalarm.

3.1暋Real灢timeparametersdisplay

Inthecontrolsystem,therearetotallyabout
110parametersneededtobeobtainedandpro灢
cessed,includinganalysis,display,storageandin灢
terlock protection.Thirteen ofthe parameters
havetobedisplayedbyanimationthroughVisual
C++[7],whichburdenthesoftwaresystem,and
lowertheefficiencyofthesoftwareandoperation

·663· 原 子 核 物 理 评 论 第29卷暋



system.Ifthispersists,itissurethatsomeimpor灢
tantdatewillbelostandthesoftwareoroperation
system willrunmoreandmoreslowly.Tosolve
theproblem,messageandmulti灢threadmechanism
isadoptedtoimprovetheefficiencyofthe main
thread[8-9].

Throughthe6TCPand8serialportconnec灢
tions,theSECRALcontrolsystem couldobtain
dataandcontrolallequipments.ForTCPconnec灢
tions,data are obtained through the message
mechanism which willnotifytheGraphicalUser
Interface(GUI)threadtogetandprocessdata[10].
Andforeachserialportconnection,dataaregot
and processed by corresponding thread which
wouldinformtheGUIthreadtodisplaydatawhen
itarrives,otherwise the corresponding thread
wouldbeblocked[8,11].Withthemessagemecha灢
nismand multi灢thread,theGUIthreadneedn暞t
obtainandanalyzedataatthesametimeanymore,
whichisthemaintaskofthesoftware.

Besides,even whenequipmentgeneratesan
errororthecontrollerstopsworking,thesoftware
systemissupposedtorunnormally.Sothemodu灢
lar灢designisadoptedtosolvetheproblem[12].In
orderto achieve this design philosophy,each
equipmentiscorrespondingtoaget灢datamodule,
sothatitcanensurethestabilityofthesoftware.
Tobespecific,evenifsomeoftheequipment
breaksdown,others mustworknormally.Fur灢
thermore,toconsiderthelong灢termdevelopment,
ifnew equipmentisneeded,it willbeeasyto
modifythesoftwareandmeettheneeds.

3.2暋Theparametersstorage

Allofthedataacquiredfortheparameterscan
bestoredindiskeverydayinthelistform[13].As
weknow,theread/writespeedofthediskismuch
slowerthanmemory,andfrequentdisk灢operating
willshortenitslife.So allofthe parameters
shouldbestoredtothememoryfirstly,andthen
storedtothediskeveryfewminutes.Thespeedof
parametersstoredintomemorycanbesynchronous
withthespeedwithwhichitisdisplayed.

3.3暋Theinterlockprotectionandalarm

Someequipmentsneedtobeprotectedwhen

someerrorsoccurincaseofthequenchofthesu灢
perconductingmagnet.Sothealarmandinterlock
protectionfunctionsareneededinthecontrolsoft灢
ware.Andthealarm mechanismsandparameters
aresetasTable1.

Table1暋Alarmparameters

Parameter Alarm Protection Delay/s Interval/ms

SMP Yes Yes 5 600

LHCS Yes No 5 1000

VS Yes No 5 600

HVP Yes Yes 5 300

WTPS Yes Yes 5 1000

BiasVoltage Yes No 5 300

StoveCurrent Yes No 5 300

LowTemperature Yes No 5 1000

Beam Yes No 5 300

WaterStatus Yes Yes 5 1000

Forinterlock protection,thealarm module
mustbetriggeredwhensomeparametersareout灢
sidethesaferange.Furthermore,theequipments
havetobeprotectedimmediatelywhensomeim灢
portantparametersareabnormal.Thereare3
exampleshere,firstly,whenthewatersystemand
theSMPgenerateanerror,the Microwave Ma灢
chine mustbeclosedatonce.Secondly,when
weightandheightoftheLHCSareabnormal,the
controllermustopentheHeliumcontainergateto
addfreshhelium.Thirdly,iftheHVPgenerates
anerror,theHVPmuststopworking.

Unfortunately, the environment of the
SECRALisverycomplex.Whenthecontrolsys灢
temisworking,alltheequipmentsareinthecir灢
cumstanceofelectromagneticradiation,Microwave
radiation,RadioactivityandHighVoltage.Sothe
signaltransferredtocomputer maybewrongin
thisenvironment,andtheinterlockprotectionmay
encounteranerror.Fortunately,theerroroccurs
infewhours,evenfewdaysandanerroronlycan
maintainoneortwosecondseverytime.

Toavoidthis,itisverynecessaryforusto
takesomemeasurestofilterthefalsealarm.When
analarmsignalgenerates,atimerissupposedto
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delaythealarm within5s.Afterthat,thesoft灢
warewillchecktheerroragainanddecidewhether
alarmandprotectionisnecessary.Ifthealarmsig灢
nalstillexitsafterthedelay,thecontrolsystem
willvalidatetheerrorandstartuptheinterlock
protectionmoduletohandletheerror.Otherwise,
itwillignorethealarmsingle,aswellastheerror.

4暋Performanceandreliability
Fig.3andFig.4showtheinterfaceofthesoft灢

ware,andthesoftwarehasbeenrunningnormally
inthecontrolroom.Itwasprovedinpracticethat
thecontrolsystemcanmonitoralltheparameters
andcontrolmostofthem.

Fig.3 Themaininterfaceofthesoftware.

Fig.4 Thechildinterfaceofthesoftware.
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5暋Conclusion
Insummary,thesoftwarehassomeadvanta灢

ges.Firstly,itisarobustsystemdevelopedfrom
C++ withlowcostandhighefficiency.Secondly,

thesoftwarecouldsavedataindiskforfurther
analysisinrealtime.Thirdly,oncetheerrorsor
exceptionsoccur,thesoftwarecouldrecordthem
immediately.Furthermore,ithascompleteinter灢
lockprotectionmechanism,whichcanprotectthe
mainequipmentsfromthequenchofthesupercon灢
ducting magnet,andreducethe burden ofthe
operatoronduty.Besidesthat,thesoftwarecould
avoidfalsealarms.Now,theSECRAL control
systemsoftwareisrunning well.Withitsassis灢
tance,theUraniumbeamhadbeengeneratedsuc灢
cessfullyforHIRFL灢CSRafterthesoftwarecome
intouse.
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SECRAL控制系统软件设计

周文雄1,2,王彦瑜1,周德泰1,张建川1,2,林福元1,2,冯玉成1,卢 旺1

(1.中国科学院近代物理研究所,甘肃 兰州730000;

2.中国科学院研究生院,北京100049)

摘要:为提高兰州重离子加速器 HIRFL的超导离子源SECRAL的控制效率,2011年7月份设计和建立了

一个远程控制系统。作为该系统的一个部分,这个控制软件使用C++来实现。它能够控制和监视SECRAL
的所有设备,大概110个参数。而且,为了控制不同种类的设备,该软件使用了很多不同的控制协议。除此

以外,在SECRAL的运行过程中,若有误操作发生,便有可能导致超导离子源的失超。为了不发生这样的

误操作,在硬件和软件中都增加了报警和连锁保护功能。该软件能够在1s内进行报警和连锁保护。同时,
为了以后的分析,该软件能够将从控制器上每隔1s获取的数据存储到硬盘上。
关键词:SECRAL;HIRFL;控制系统;报警机制;连锁保护
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