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Results and Analysis
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Theliquid nitrogen (LN2) cryostat(alsocalledas
y dewalr), which wasusedto store LN2 coolantsfor
SR P | 2 F [ onboardhightemperaturesuperconductingHTS)
T e S S S bulks, is an important component of the HTS
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~#== can keep the superconductingstate and robust
. levitation force to ensurethe safe operation of
HT3maglewehicles

Cryostat Fig.4. Relationshifpetween the temperature and the liquid level of (a) the Figb p® /It OdA I 6SR RAAGIYOS KO 6835688
circulardewarand (b) the rectangulastewarunder vibration circulardewar, (b) for the rectanguladewar
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Forthe safeoperation of high-temperaturesuperconductindHTSmaglevvehicles the liguid nitrogen (LN2) level of the onboard (©)
cryostat should be monitored in reaktime during the whole running process The previous LN? level detection method was
% proposedby using platinum resistancesensorsas testing equipmentto estimate the liguid level by threshold value judgment
=a Howeverthe fluctuation of LN2 levelcausegreatdisturbancefor the liquid leveldetectionduringthe runningvehicle,whichleads fo CKS RAAGLYOS KO OF ( Odf | (SR 08 daAy3 GKS SELISNAYSYG( RIGl 2F ws n3
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ol [© the falselevel To eliminatethe interierencecausedby LN levelfluctuation, the state estimationtheory of usingparticle filter sensors, respectively. The results were calculated for 50 times repeatedly with
<@l algorithmwasemployedto procesgshe test data. Thereattime measurementesultsillustrate that this methodis ableto meetthe the same data from Fig. 4(b) to check the repeatability of the calculated results.
' ' ' T ' i i i i The last sampling point which is 37 mm from the liquid level in Fig. 5(b) is
requwementsof_the LN2 level detectionwith good precision,and a simplehardwareis valuablefor the practicalapplicationof the e Fig.7 Equipment used in a covered Dewar for LN2 level detection: (a) the
HTSmnaglewehicle experimental facilities; (b) the strifype circuit board with four PT100

platinum resistance sensors; (¢) Temperatowgputs curves in a statdewart
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il In order to get basicrules about the e (@) ™Thispaper presentsa new method that usingthe platinum resistancesensorsto measurethe temperature curve,
20 natural evaporationcharacteristicsthe 120_‘ Sensor 3 and introducing the state estimation theory which is basedon the particle filter algorithm to deal with the data
\?JZ:Z: ﬁksl\ﬁy i\;?ﬁggatcﬁ %Xptigmmés %’V 1ol © Seneore undervibration conditionandshieldthe fluctuation interference o - o
dewars N Bk ™The test model is basedon the statistical correlation among the working time, position of the liquid level, the
: 100_— . Senvor8 fluctuation of liquid levelandthe testingdata
T 2 sl ™ Accordingto the experimentalresults,the estimationmethod of liquid level heightis feasiblewhen measuringthe
= - 50r ‘:\_,\.\ et Dewar LN2 levelundervibration condition
Q E or e -_ Y clt——— ™ For application,it Is possibleto use one temperature measuringpoint to estimatethe liquid level in addition, the
— g 30} \\.\ : 50 40 30 20 10 0 obviousgradient of temperature in the covereddewar impliesthat this detection method can be appliedinto the
q:) T | \_\_\ -\\ _ Liquid level (mm) real system
oMl Fig 1. Equipmentusedin the experiments (a) measurement | = 1o e _' | | | | ™Thismethod Is able to meet the requirementsof the LN2 level detection with acceptedprecisionand the simple
e in a rectangulardewar, (b) measurementin a circular dewar '_ \ _' Fig 3. Temperature outputs of eight PTL00 platinum resistance hardwareis valuablefor the practicalapplicationof the HTSmaglewehicle
L (c) the temperature ruler, in which eight PTLO0 platinum O T EEETT i ™ Sensorswith tthhe I_|qU||d Idevel of I::ileo (_juilhng th? statllc rgvaporatlon
resistancesensorswere arrangedin a linear array and their Time (min) proces#a) |-n e cireuiar ewaf’an ( )in er.ec ahgufardewat ACkﬂ OWIEdgemer]tS
serialnumbersare from 1 to 8 from the top to the bottom. AState EstimationTheoryand ParticleFilter Algorithm
Fig2. Relationshipbetweenthe actual In the caseof the fluctuation of the liquid level, there are randomdisturbancesn
‘ liquid level and time in the two the temperature curve, which makesthe measuredheight of liquid level aboveor Thiswork waspartially supportedby the NationalNaturalSciencd-oundationin Chinaunder Grant51375404and Grant
dewars below the actualvalue In order to solvethe problem of the randomdisturbances' 51405404 the FundamentaResearctrundsfor the CentralUniversitiesunder Grant268201BR030, and the StateKey
Transform the displacement signal By usinghe state estimatiortheory, wecanget state the stateestimationtheory of usingparticlefilter algorithmwasintroduced Laboratoryof Traction Power at SouthwestJiaotongUniversity under Grant 2016TPL_T1 and Grant 2016TPL_T5.
Into temperature signal transition equation To L B broidosBers (Corresponding@uthor: ZigangDen
p S WLl CThdR: p @ gangobeng)
Where T, lis the state vector, -, 5 1S the exciter, Sy, 5 Is the state convertingnoise,
_ R, representsthe observingnoise, Bis the state convertingmodel, and Cis the
L D observingmodel
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