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< Summary N

 Both the university researchers and the corporate engineers on diagnostic techniques and reliability evaluation of complex technical systems have started cooperative study to
examine the applicability of their methods to a helical plasma experimental facility Heliotron J which is operated by Institute of Advanced Energy (IAE), Kyoto University.

* The kick-off group meeting was conducted on June 29, 2023, when the four subjects were presented: this year's cooperative research plan, plasma diagnostics at Heliotron
J, data assimilation study for plasma experiment, and preliminary study on applying a dynamic reliability evaluation method GO-FLOW for Heliotron J.

* Then after the discussion, this year’s three works were decided: (A)Application of the higher harmonic diagnosis system for selected electrical equipment, (B)Study of data-
driven science for Helical plasma, and (C) Application of GO-FLOW for the reliability evaluation of water cooling loop of Heliotron J.

\ Conduction of the kick-off group meeting, June 29, 2023 \

/
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—Contents of the four presentations(1)— —Contents of the four presentations( 2 )— —Results of whole group discussions—
This year’s cooperative research plan ~ Plasma control/diagnostic systems for Data assimilation study for plasma Preliminary study on ap%)lyin&a d[gnamic Comments from Heliotron side by S. ~ Direction of further studies this year
by H. Yoshikawa Heliotron J by 5. Kobayashi experiment by Y. Kuroe Froantiy evatpation metfod GO-XLOW for Kobayashi as the result of group discussion
o , , eliotron J by T. Matsuoka

. 82%%%2;&&%@;%@133; g}[:tlllgﬁ(li‘l It(ligt g;%%%fgﬁ&ogéﬁﬁgg &?Sgnll]g Set;%gisggl%a{or + Data assimilation is a method of improving the + Classification of the components of the heliotron J + Itis ap[propriate to apply GO-FLOW * Subject A (Mr. Nitta): Experiments on
contributes to the consirtction of a zero- device Heliotron I accuracy of simulations of complex large-scale (coils, power supply, plasma heating, plasma reliability analysis to the cooling water system installation of a harmonic diagnosis system for
emission enerov infrastructure | | | systems by supplementing data obtained from injection/exhaust, cooling, etc.), configuration of of Heliotron J as a target. However, the electrical equipment in the water cooling

o I * Heliotron J measurement/diagnostic systems sensors and other sources when a complete the plasma measurement system, and mvestigation application of the GO-FLOW analysis to the system pumps, etc. of the Heliotron J.

. Approal(llh: CQ]E%Q%“VQ resea_rclh_by C%nhbe divided mtoltwo catego(rles, for control mat}lle{)rllatlcal model of the target system 1s not andt 1;11‘1(‘1ansc{ement of operation and maintenance ‘Q’hde He]l]mtmn J system Seﬁms {0 b}? difficult Subject B (Prof. Kuroe): articipate in the
researchers with ditierent specialties to of the experimental apparatus (€x: power avatlapic. metnods. ecause there are no researchersinthe " ol - V). :
ggvelop_anal I-C?{I mehhot(_is for p mfnt %upltJﬁy, 01011’ ng-er cooEmg systems, efc.) antd + Formulation of the problem of reconstructingthe ~ * Discussion of the concept of plasma device Heliotron J group who specialize in the fusion ﬁg&%ﬁhﬁ)ﬁs?%&%%?? éﬁﬁiﬁf&ogal 1

12gn0S1S anl fr 1s_l_p_re IC 101}1ubsm% Ie arge for heg asma diagnostic (ex: Iclile}allsuremen S equilibrium state of a magnetically confined Tusion anomalies, troubles, experimental failures, and engineering. the method 4 bv Prof. Kuroe PP 31
experimental facilities owned by the Institute or the density, temperature and their Elasma based on data asstmilatior and its solution criteria for success. . s i off Felds data i ) flz.me 0d proposed by rrof. Kuro€'s group 1o
of Advanced Energy. fluctuations). 5.(1.) the sensitivity equation method and (2) the Analyticalsteps requied for rlibily evaluaton As \lJve_ zills n %t er re_sgalrc 1% _s,that%1 rven eliotron experiments.

» Plans for this fiscal year; Focus on researchon  + Introduced our current work about data-driven adjornt equatlon method. o by GO-FLO (Sugcess Path D ami?f Reliability glllgsg]ségl I?lvgurege;]oﬁg fh)érgsgre lslztvel?al o, Sub{'gect C (Prof. Matsuoka): To study the
degradation diagnosis, risk and reliability analysis for the plasma diagnostic data. + Introduction of the results of the application of (2) Analysis Method) ((1) FMEA, (2) Schematic applications based on collaboration tesearch application of GO-FLOW to the short-term
assessment, and Al application to plasma above to plasma experiments using a reverse regresentatlon of the entire system, (3) Creation of ' and long-term reliability assessment of the
S}ggg]%s\l;i {ﬁr&egl}l(gtri%nc g &% ﬁg%lezlftﬁmon magnetic field pinch plasma device. G -FL?W chart) %nfd reﬂs]earchtand collection of Helioton J water cooling system, based on

\ - / \ parameters required for these steps. / \ information provided by Prof Kobayashi. /
/ : : : These devices have individual measurement equipment (temp, press, flow, volt, cur) and B o o
Ma‘] ol Comp onents of COIPOSING Heliotron J sy_stem_ - independently controlled = used as interlock signals to main control systems Tlmlllg Chal't Of one plasma ShOt (Ca. 3 SeCOHd)
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Ivine hisher harmonic diaenosis svstem HAMOS System Configuration for continuous remote monitoring . .o e . N\
£ olect ,y lg g { fail » 5 I l'yt ] i Application of Condition Monitoring System
I 10 channel Compensation | . o
Or electricat equipment 1allure  1or  Hbeliotron Conirl sl vaitrecention (HAMOS) to the water cooling system of Heliotron J
. o . . o . R o A/D Conveters 128 channel multiplexer VAVAYAN Main body of nKS 2000 .
What is higher harmonics diagnostic = Harmonics Diagnosis and Its Benefit at abnormality o
thod? occurrence:  Plan of HAMOS application for water
meh 01 ) P s and : ) N e i cooling system Cooling tower of Heliotron J
* The electric current flows through the electric » Contactless and Live State measurement by searc . : 1 :
equi 1‘17_1enltl basically as thfebform of distm(‘ited wave coil at the Control Panel of the local machine. s Ell;iftragr? gmi‘:lypgftrl‘cplﬂzrralﬁc\ﬂ:ﬁe% ;E:toiniﬁée dti};ZnS(E)leieS O(f}etrﬁg‘c’lre‘tgé;?zte g
gigﬁ:er lﬁ’;rrggﬁrglﬁ‘ég OI basIC Wave and many * Fnables overall system diagnosis of Abnormality > state of the "electrical facilities related to the water cooling system".
' and/or Deterioration for various parts of Motor, . * Conduct condition monitoring of cooling water pumps and accumulate long-
’ E the eqUipment IS Working nomially, higliller Lead, and Inverter. .- term deterioration diagnosis data to conduct cooling water-related reliability
armonic components are not so large in the : T ] & i
electric curren?. But when some prgoblem oceurs * Electric Power Balance is diagnosed to sec how the = Sl
somewhere in parts and modules speciﬁc orders of Loadmg Mode between motor and load. /V\/\ * Specifically, a harmonic sensor s attac.hed to the power gable of the cooling
higher harmonics will appear 32(1 exhibithigher + Optimum Motor Efficiency to Minimize Motor Functions and Features e
P . g o | ' o Loss can be observed. The Remote MPX can be extended to max 200m long with daisy-chained LAN cables, — — —— _ . 1
* Higher harmonics diagnosis method will diagnose [Um]]]]mmﬂ where one lane consists of 16 channels, and max 8 lanes of the Remote MPXs can be \?/1218:1?, a:r(;r; 19 thtelrrclg;)slfgles‘vcalt:;lgisr;n iesaan d;n;tlfeggc a?(;ntgoxr;iztt (‘;2 ;:vea
the state of electric equipment by examining what - connected. Max 10 units of the Remote MPX can be connected to the Compensation Detail % Tty - di . I:l : =
kinds of higher harmonics with their percentage are 3cm - L PiElled analyeIs Enaies predicaivg Claghoss
contained in the distorted wave Circuit, and therefore status monitoring of max 1280 channels of systems can be made
\ ' Probe by the harmonics measurement tool.

(B) Study of data-driven science for Helical plasma A Data-Assimilation Based Method for Equilibrium Applying Model Inclusive Learning and Data Assimilation )
. : I : : : 1),(2 .
Development of Model Inclusive Learning and Data Assimilation Reconstruction of Magnetic Fusion Plasma(-® for Heliotron J
Data eqeq - . .
* Apriori knowledge and 1nh§rent property on a target object or | Unknown Object ézfapggg%%?a%gg‘." method of equilibrium reconstruction for fusion plasma based on the Data-Assimilation Based Method for Equilibrium Reconstruction
system (partial model) are included n the learning loop of Al « Aiming at applying not only to axisymmetric toroidal plasmas but also to more general * Since equilibrium of Heliotron J is non-axisymmetric, it is necessary to develop a model and a
1earmng System. | | I\ > / toroidal plasmas, we formulate the problems of equilibrium reconstruction in generalized method which can treat three-dimensional equilibrium.
¢ Aprlorl kHOWledge ona target SYStem can be embedded in learnlng fl Partial M’Odel _:6 forms and derive methods to solve them. . There are two pOSSlble models: one 1S the generalized Grad-Shafranov equatlon and the other
result. L camind Sysenp| * The reconstruction is formulated as an optimization problem to determine a set of is the inverse solver model which the code VMEC uses.
Features of Model Inclusive Learning Input Signal —— Y unknown adjustable parameters which minimizes the cost function. * Itis conceivable that, with these two models, equilibrium reconstruction method based on data
fo e / « Two methods to solve the optimization problem are proposed: assimilation 1s developed in the following manner.
o 1l - ; ! * method based on the sensitivity equation, and * Parameterize the models with appropriate parameters.
utilize a priori 1(1‘10W16dg6 on a target ObJeCt' :_ ) i_llj;aming Algorithi |t * method based on the adjoint equation. * Develop mode]s of measurement processes. o
» make it possible to treat a problem in which teacher's signals are not availabte: » We also propose a method for applying the proposed * Formulate cquilibrium reconstruction method as an optimization problem.
: C e o L reconstruction method to the RFP whose equilibrium is  Develop amethod to solve the optimization problem.
* casy to realize data assimilation (both assimilate data and assimilate to data). . . W Application of Model Inclusive Learning to Modeling, Analysis and Control Problems in
described by the Grad-Shafranov (GS) equation. A ngﬁotmn J
* regularize an ill-posed problem and improve generalization ability. * The method based on the adjoint equation can reduce | Possible Research Projects:
Our works on Model Inclusive Learning Methods the computatlonal. time dr astl?ally compared to the method . Pl;lpplications of multiple-pinhole soft X-ray camera for monitoring three-dimensional plasma
(1) Problem of shape from shading, (2) The vector fields approximation problem, (3)The estimation problem of based on the sensitivity equation SHape

motion and difusion fields (DIEEE Access, vol. 9, pp. 74739-74751,2021 (2) IEEE Access, vol. 11, pp. 62639-62651, 2023. RFP Machine at KIT * Reconstruction of edge magnetic fluctuation spectrum in fusion plasma

(C) Applying a dynamic reliability evaluation Many engineering systems have been Application of the GO-FLOW to Heliotron J
method GO FLOW for Heliotron J analyzed by the GO-FLOW methodology. Control Board of Water Cooling

Research plan
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* GO-FLOW methodology is a success-oriented T . | g - _loix] . . System for Heliotron J
reliability analysis technique that is capable to {10t et e e e Nuclear applications Non nuclear applications o | |
evaluate reliability and/or availability of the et e o 2 * Areliability analysis of water cooling system of
systems with complex time-sequence and phased- D ' « ABWR plant system at startup stage with + A distributed energy system consisting of a I(;Ieé;gggg O,f\tz&fll'gcs s}tlgrsn important role of the
mission problems. ooy AT S J consideration of loop structures an solar panel, a rechargeable battery and a fuel peration ysem ,
* The first step of the analysis is to construct a GO- O—E— & ooess o phased mission problem. cell. . . o ) é}/ﬁﬂg?égt 0? 52};?03522icr?t%lrllgﬁcseysséirgdhsl es for
FLOW chart  which consists of signal lines and Y ot SUTLEE! « Common cause failure analysis of PWR ) é}ﬁﬁéﬁls of a Continuously Maintained pumps and other essential components. (long

operators to represent the engineering function of Cor—d T 2
the components/subsystems/system composes the
engineering system under consideration.

* GO-FLOW chart is constructed by using the Chart -
Editor as shown in the righthand side. During the

containment spray system.

- . - - * A Reliability Analysis of Automatic Train e :
* Estimation of dynamic behavior of y - : Evaluate the success probabilities of Heliotron J
Scsssof nuclear power plant system state under Control System of Shinkansen in Japan. experiments, alon wlljth the operational sequences.
i severe accident condifions. » Safety Analysis of Fuel Cell Propulsion (short range time duration)

« Reliability Analyses of a Self-Holdin System for a 1,500 DWT Cargo Vessel. * Collects data for the analyses such as Heliotron

range time duration)

sthout Maintenance

construction of a chart, component failure data and AN AN - : * Reliability Analysis of Man-Machine J’s system configuration, Operational condition,
analysis conditions are necessary to prepare. K @ — k{ o Type Relay System by a {\)/?mamlcal vent System(Pf(/)ldup ank System). Success criteria, Component failure, Demand
L e o S 7 ree and the GO-FLOW Methodology. probability, Human error rates, Occurrence
\ probabilities of external factors, and so on.

- Further activity plan in 2023 x

 Conduct on the second group meeting to review the results of the three studies of A, B, C by J. Nitta, Y. Kuroe and T. Matsuoka, respectively.
* Plan to conduct on open workshop to report this year’s activity by inviting outside experts.

_* Prepare for the next year’s cooperative research plan to extend this team’s activity. )




