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A Far-Infrared Pulsed Light Source to Calibrate STJ Detectors

for Neutrino-Decay-Photon Search Experiments

Chisa ASANO*, Makoto SAKAI™*, Takahiro NAKAMURA™*, Wataru NISHIMURA ",
Takuo YOSHIDA ™, Isamu OGAWA™**, Shigeki OKAJIMA™***, Kazuya NAKAYAMA ****,
Shin-Hong KIM*****, Yuji TAKEUCHI™****, Kenichi TAKEMASA*****,

Rena WAKASA™ and Yukihiro KATO™*****

(Received October 2, 2017)

We have designed a far-infrared pulsed light source to evaluate and calibrate superconducting

tunnel junction (STJ) detectors that we are developing to search for radiative decay of neutrinos and

measure the energy of those decay photons. Those photons are predicted to be in the far-infrared

region of wavelength 50 - 90 um. Measurement of this photon energy makes it possible to determine

the unknown neutrino mass. This paper describes the pulsed light source we designed to reproduce

the photons in the same wavelength range as expected for neutrino-decay photons.

Key Words : Neutrino mass, Neutrino-decay photon, Superconducting tunnel junction detector,

Far-infrared molecular laser, Far-infrared pulsed light source
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Limits of the Abilities for Feeble Light Detection of the Photosensors

Used in Elementary Particle Experiments

Taichi ZUSHI"* and Takuo YOSHIDA*

(Received October 2, 2017)

Some of particle detectors used in elementary particle experiments detect particles by sensing

feeble light such as scintillation light generated by charged particles passing through matter. We

carried out the experiments to evaluate the abilities for feeble light detection of some semiconductor

photosensors including avalanche photodiodes and multi-pixel photon counters (MPPCs) selected as

photosensor candidates for the partilce detectors. As a result, we found that the MPPC was the most

sensitive. In particular, the MPPC cooled down to —40°C could detect with almost 100% efficiency

quite feeble light pulses which contained only 7 photons on average.

Key Words : High Energy Physics, Elementary Particle, Photosensor, PMT, APD, MPPC
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Generation Method of Polymer Crystalline Lamella in Molecular Dynamics Simulation
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In order to study fracture and deformation of semicrystalline polymer materials using a

molecular dynamics (MD) simulation, we have to generate lamella structures. In this study, a new

method to generate the lamella structures was proposed and tested. The MD simulations were

performed using NVT or NPT ensemble in the temperature range of 300-1000 K. The stability of

crystals, molecular arrangements, and chain entanglements were examined carefully, using various

initial chain arrangements and thermal histories. Obtained lamella structure shows satisfactory

response to external stresses.
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Effects on Practices in a Class “Instruction Method for Science Education” in Teacher

Training Course for Engineering Students

— Changes in Consciousness of Teachers Before and After Attendance from Reports—

Nobu KUZUU *
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Practices in a class “Instruction Methods for Science Education” in the teacher training course

for engineering students who will be high school teachers are reported. The fundamental

knowledges and concepts on the science education introduced in first five lessons of

ninety-minutes class lectures. After these lectures, the teaching practice training are done for all

students. Based on the description in the initial and final reports, changes of perspectives on

education and studies by taking the class are reported.
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Simulation for Supersymmetric Particle Searches

Tomoyuki KANI*, Ryo TAKIHARA" and Takuo YOSHIDA™

(Received January 30, 2018)

In elementary particle physics, supersymmetry (SUSY) is a theory beyond the Standard Model.

Supersymmetry would be an attractive solution to some of major concerns such as dark matter, the

hierarchy problem, the grand unified theory problem, and so on. However, none of the SUSY

particles have been discovered yet, although much experimental effort has been made so far using

high-energy particle accelerators in the world. We carried out a theoretical simulation (PYTHIA) to
search for SUSY particles by the Large Hadron Collider (LHC) at CERN, and found that there is a
possibility of discovering the gluino, i.e. the supersymmetric partner of a gluon, if the gluino mass

is below 3.4 TeV.

Key Words : Supersymmetric particles, Simulation, PYTHIA, Standard Model, LHC
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Application of Sampling Moire Camera to Measurement of Vibration
Caused by Strong Wind for High-Rise Building

Tomoaki NAKAJIMA®, Yusei SEMBA™ and Motoharu FUJIGAKI"

(Received February 2, 2018)

Sampling moire camera was developed to measure the displacement of infrastructures effectively

in real-time. An algorithm of a sampling moire method to analyze two-dimensional phase is

embedded into the sampling moire camera. The sampling moire method is used for measuring the

displacement of infrastructures. The sampling moire camera can measure and output displacement

distributions for two directions in real-time from a two-dimensional grid image affixed on the

celling of a building. In this paper, the sampling moire camera was applied to measure vibration of

the building while rocking by a strong wind.

Key Words :
Measurement of Vibration

1. %%

mj

WA, BRI P DA 7 TREEYM OEF LD ELT
LTCTkY, fEfEE 72> TWAIL Z vy,
I - R OEMRIEEZBE LT, B - ORIk
B4 2 AN T 2 AN OBRE A LR TV
5.

HIEE - B O FREMERIEE OB A B LT HIC
X, EHIEC KT EY O BN 2 E T D LN B
50, ENOREREE LT, R OT T —
DUE, L=V —ENE, VA Y —REGGH R Eo®
YRV TWS., T EHVZE
HTFE TR EDN R RSG5 013 2% <, FHAINLE O 2
DIERLEDZ ENTE o T2. Z00, &

D ERE DA S TR EHITHES RO b TN S,

FOROOFEE LT, XFHFREEHODHEITD

TR LAERFERERRE S A T A L HI
*Human and Artificial Intelligent Systems Course,

Graduate School of Engineering

Sampling Moire Method, Sampling Moire Camera, Building, Strong Wind,

BHFE 3D BT 561,

ARFZERTIE, W& D LN & FEHEC CEHI
HLIFHELE LT, o7V BT LVIERHOAZ R L
TWa., ZOFEL BTrEgic LT 7Y v
TRELZLTH Z & TMY 7 hENT-ET LE#E
ERL, & 2O B AT D ZE IR AT
EMSIZ 2 RGCICHEEE L2 b D Th 5.

YTV TET VIEE, EmE S KRS O
B EREE LEITCE 2 FETHD. TOWES
EE, FTR O T D — &S
WY, RROENLRIRE AT T3 5. 2D
EgE YTV, BT VTG A S S D LT,
MY 7 MEREH T, €7 LX¥— OS5
HFizeRDDLZENTED. HEENTAMOEIID
KNG DOEMNZREELISPET L ENTEHHD
Thd. IHLITHEETIE, oYV TET
VIEOT NI AL N— Ry =T LT, BAT
IR A IATe Z & T, U T NHE A DITEN A &
ML THAOTE YTV TET L H AT Z
3§ L 7= P10,



38

TN TET VEORBOOESE LT, 1
7 L— DO S 2 SR ONARS A & R ed D
ZEMTELREDNDD. BROGETX, O
TS Z T 5 Z N TH D, 2D,
RO L DE T, IZEKECEWE XIS
AT EHRELT, SREFHOENMSL, 2 KoE AN
TlhbAfAziHIT 25 2 LIl ST a6,

— 5T, mEE ARSI ER S U —, S L
W D RIREEOA 7 FREEIT, HEIERIC,
I U CREF AN D Z EREV. D7
B, AT EE EAXICHRE LT, HlRSOTE
R ERET D Z LT 2 Hlapks 2 RHT 5
ZEMTED. RWFEETIE, YTV U TET LA
O Z DR EFIA LT, K2 FRENEHZ Y
OEMEHNCEH T 5. BRI, o7V 7
ETLHATERANDZ LT, ElICHE R OZENL
FHUEZATV, IREMEATIC BT TE 5 2 LA RT.

2. R/ O®

21 BTV TETVE
FoFVTET LVIEEE, | KO NE—
> DALFH AR % B3 5 ZE IRORR AT IR 2 IV C 2
RITHE T ONABIENT 21T 5 FIETH S, K1 (D &
DI THAR A T A T CIRET H L, K1 (b)IRT
X E BUSMIIREDT — 2 bIFETDH. 20D
WREETITET VHRZBIET 22 LT TERY. 22
THMMRICNER S EEREZEX 2R
T (5 ZAE) 21T 5. X 1 (a)lX N=4 pixel & L7=Kf
DT Th 5. W5 WM AZ1T 5 &, N=4 pixel TIZ,
E1@PDEICABFBLBEINIT —XER>7-4 250
BBEEDLZENTED. ZXENENLENS 1
FH, 2%HB, 3FH, AFBOEFENLAEFEIT L
IZHIBINTWD, 20X H2 1 EwFETF 7Y
TREEZ DI EX, MHATEZLE 12 o7
h SRHTREEICIR D DO T, (Y 7 MEIZHY T 5.
L L ZOFETIEMO 3 EFEITT —Z N2 00
T, TAPROEFRIIET T 7 SO EE
DT —2EMMT 5. T25LK1D LI 74D
ET VEIGNATE S.

NARY 7 b ST T VRIZT I A 550 o fE
EnofizboTWbERpTE, n BHAT T P X
H-hE, kA TRIND.

2 Xn

J+ 1,009

(D

GY) = a6, y) cos {6 y) +

I T LEIEET LRORIETH Y, Lxy)dis
BHEE, 0 13T T LOMMTHS. I, & [ 22N
IR D AN L B MEE T 5 &, 1, % 1, 3K
TREND.

Iy —1,

lo=—— 2
I +1

I ==—— 3)

N KOG, €7 VROAAHE 6 1ZRATRO b
%.

2Tn
N-1 3
S48 Lsin ()

N-1 2mn
Z33 Incos (57)

tanf = —

4)

N=4 DA, HBONT- 4 DT T LVl ) HALF
V7 MNEEEHAT S E, K1 ()DET L OIS
BN ELND.

Fl W T T "
(a) kT HF—r

N

FEN EEN
HEE BEEE BEEE

(b) HE G

BT T T T T I T T T T T T

SEEEEEEEN
LT T T T T T
EEEEEEEN
] I
IEEEEEENS

[EEEEEENC

(e) NrAH AT

K1 Yo7V TE2T LIEOKEE (N=4 DR
RS KRR DG THRRZ 2 IRTTHEFHRARIC T 5 2 &
T, 2 WL COEMFHUNATREE 72D, WA T T 2
Wk a5 &, X2 @0 X 5 72 & T EEgs
/oD, ZOTERIZR LT, KFEHROEN
FENT DS 1IN M O SEvE k. BEELT 7 O ZENLfFEHT
DG AT O3 %17 5. FlbEiTo &
B2 b)D XD i bR E G LN TE D, 5
B AV LG T [ 5 | & A0PR & AR ALEE 21T 5
ZEIZEko T, K2 TR TEEKDET LViEIR
EFDHIENTED. D OEEKOET L



BUTALFY 7 MEAEH T 52 &12k - T, K2 ()
CRINADAI AL 2 LN TE D, RIS T
DAL ZRD 22 DI R & OFEFEZITS . 5
MR & 1%, [5] & FRR CALML 1 AR & 72 2604
JARDZETHD. X2 (e)XRIF] E LI AT > THE
FZ RO 2 ()OSR EGR TH D . ZHEGR O
L ET L ONAZA DN BT ORIk A R DT
LORK2(NOTHD.

(a) 2 ook TG (b) FiEfE#

() MAHY 7 h&aniz (d) E7 LVEBED

B DOET LiiER RLFRSIAT
(e) ZMEBOAMIRLA () A& FONMAHE

[ 2 %yfuyﬁ%Tv%%%wtumAﬁ®m
Hr

ZZTH TV TR T VIEE RO EN T
%@EW%@#M@%h%ﬁﬂﬁé.if,n3m

KT H ST =7y NERET . O/
%@@%1&%%#6.%hm%yfuyﬁ%7v
EERmEm L, 150G a2 B0 Ah G & LT
LB L Tk, FHAIBAMAEE, 15 O 7z miff 2 20T
L FIRRICRRAT U, BB AHEgRERD 5. b
DOEBDOFEZ LY, (EEEGZRDD. Z DAt
AW D, FO 1Yy F(p, p)bich OffaE
(Ao, Ap )ZfRHT LT, RN BENLd,, d, ZRD 2.

d, = o Dx (5)
Ap

dy 2_n?/py (6)

W 2T, BNLFHM O EREIL S — 7y NS D

FDOE yFIEFL TS

£72, X(OS), OIZIEL, WA TDOMEERT/NT A
—AWEENR. TR AT OMNEERD L
THEMBIELND Z &, Thbb, v U7 L—
VAVPARELE N ZEERLTND. HBREEES

2P TENL, e ARDHT ML TS, =
T THEHIEITS ZENTE .
i #TEuF ] =fid
P D —
snmunm "R
snmmann||P EEEEEN
Na Sakan
EEma G n
rx rx

(a) LA (b) ZENIf
X3 Z—=7y ho#E

22 BUFLYVUTET LIRS

BTV TET VA AT, KT ETRERE
T5E, BATHNETHIROY 7Y o TET L
LEOFEZITY, O & FEEOA 5y
e OMARES T E Y T AZA LTHATSZ L
MTEDH., NEHEEIZR 4 RS b X5
CMOS D83 1, FPGA (Field Programmable Gate
Array), AE€VU—, USB A/ v ¥ —7 x—R, &R
2=y FTHRENATWD

—— Sampling moire camera =
Trriger

A
-
USB3.0
FPGA  —interfacel] _’E

CMOS - Moire phase
sensor ¢ - Grating phase
- Phase difference

Memory

Phase analysis with
sampling moire method

BT Y TET LA AT ONERER

X 4

R X IR BEIRIC L > TE DY, 2048 X
2048 pixels DI KV A XD L & 14 fps. 128X 128
pixels D/ A XD & & 230 fps DL THrE L

39

MM Z U T V2 A LI Hjjjﬁ‘é_kﬂfé“é.

F72, HONCOIRKY LTI L 22 D8 G0



40

MFS A ZE AT —ITRFLTEREE, ThénE
BEUTNVEALIHNTHZENTES., KL
DONABZEIZEEAFITT D Z & TEMITHEAE N H K
HDT, VT NEADIEN G HI1T 50 A
Z7EE25.

3. BYO 2 HAREMERE X CIRSIF BB

301 EBRREE

YTV TET VAT E O TEYOIREG
HEBR AT o7, MRETIEMIL, KS5ITRT 13
BT ORI TH S, ZORYIL, BRI RRIC
BT HNTHWDIFFREEOF VAT 6 DR
W25 1B 5 13 PR & C R &I 2> T
5. 22T, K6 ITRT LT I3BEORIIZ 2 IIT
DX —27y NERD M, FhERETE5 X
21T, 1 BRI EmEich AV o 7E'ET LA
T xEE L. _h*ib 1 BESZICX LT, 13
BEORFOENENFHUNTE D L9 RD. HAT
DL RN D 2 Wt X —7 v b E TO R
51.5m CThobH. 22T, BWoRE % x 7,
mALGmE y e T 5.

5 GHAI B R

Target (Pitch : Smrm)

Top floor’s ceiling

ol

-~ s N
Z
lx—
Yy
800mm mirror lens~_| \
Sampling moire camera~ % Q
1st floor's surface

Light source

X6 KX

51.5m
S2m

3.2 HUEBERERER

E¥, B TR CHREHCRE L, BAEHZ1T 9
ETHERAT AT TET VI ATICLAE
NEFHAI OGRS DR & 1T o 72,

B 7 (@IZFEBROWETZRT. Yo 7F ) TET
HATNE L=y hO 2RI £ TORERET 52
mé& L. Yo7V TETLAATITNE, EAE
B 800 mm OFTROLEIE L o X &2 B0 1572, 5.0
mm By FDE—4 > D 2 Rk FIE x FIck

T 2H2AT7 =YD RICERO T oNTEY, EEH
HCEMEREHIENTEXS.
P2 T 25 fps T 30 AIHIHRSE L 7=, B BRARIRED

510 FEIEERIE L, 10 BRBICT IV Fao—H%
FAWTHRO Z—7 > MZZEAL 1.000 mm % 52 5.
E1EIJ0)5' Ty MO ENNEE 2., 77 Fax
VEEHRIBAAG D B9 10 B IZE LiGgs, 10
%mx%—&%@ﬁ#.%ﬁmﬁ%ﬁﬁw@&—ﬁ
v NOERLINSEMD X —4 > S DERZF NS
DERT. ZOBREEITH Z LT, A TROFEN
ICEDENERETDHZENTED
B U255 256 X256 HEFEOMHEAZ Y)Y H
LT, BALOMENTZ21T-7-. fERAX 8 IRT.

Sarnpling moire carmerda

(b) X
M7 EERERER



o

Displacement d, (mm)
N

]
]
o

10 20 30
Time (s)

X 8 KEEEFEERTO x T DELL

IOl E, EHERZAITEN TR 0.065 mm, BhH
L& &130.053 mm & 720, 0.100 mm BANIZIN F
STEY, Bfi & OF b 0.025 mm ANIZILE > T
W5, ZHHOREREID, 52 m BN 7 BEEECT O
ITHRE LS TETWLZ ENWZ D, HEMRRER
TELNFERE S LI, BYORNOFHIETT-
7.

33 BYOEAMFHIER

ZOMRRET, RENEE L7 BICEHHER AT
7o B Sl & LT, BREEIRER 300 s, BREZHE 4 fps,
H[{g A X 256 X256 pixel, #&1-[HHFE%L 15 pixel,
AL 15 pixel, 51 %% 15 pixel & L7z, #OERHH
IEEUE 40 ~ 100 m/s, 2.0 ~ 7.0 m/s D, 15 ms
LT, 7, MRS RKO BIZH RO
WFERAEITo72. Zo& X, JBEE 00 ~ 1.5 m/s
DOFIZ 10ms & L7~

) RIEITHE O (T 7oA FIEEHI L 728 ioxt L
TA4EENTW 2D, ZOHOMIEEITH Z LT
x & y FOEMEZZRERD-. X9 (2
HWNFRIR DO SN BA A RT. K9E, B
B x S, e y FoENE T ey R Lz
DTHD. ZNHLOFRERLY, EAENKEWITRE
MIZKREL D Z ERNbND. [AREOFNEREZ 3
[FF D T 72D, FNENFREEOMEM D ST,
I, FERRRE WIS, x 5 CGRFE M)
CRELENTVWDZ L bEGETED. y M (A
M) DAL E T, x FFEOENOEEIK
TN EZHOWT, xz m(FEM & ABRNIIZENR £ <,
y-z IR ONERIZ L RARBES 3 22 &)
FREZBEZ LS.

e o

Displacementd, (mm)
[=]

a2

-2 -1 0 1 2
Displacement dx (mm)

(@ AFEO00 ~ 1.5m/s

2

Displacement dy (mm)
[=]

-2 -1 0 1 2
Displacement dx (mm)
(b) EE20 ~ 70m/s
2

s

Displacementd, (mm)
[=]

-2 -1 0 1 2
Displacement dx (mm)

(c) M40 ~ 10.0 m/s
X9 DAL dy-d,,

WRICEHELNTZRRINOT —Z Zelc LT, 77—V
T L o TREEBMT 217> 72, fEREK 10
R T. x I OEA1E 0.85 Hz, y 7R OHA1% 0.89
Hz \ZE— 27 N8Nz, Z O@W o Lo A EH
(ERkiE) 1%, x IS 1.001 7, y NS 1.133 B
ThyHM, ZNZNEARPEBICHEE TS L, x F
M2 0999 Hz, y 520883 Hz &7¢%. ZiuHD
BEHETDE, ENENEVERE LTV Z
RIS,

41



42

0.02 —
E :.'-"
= e |(x85Hz|
o . Q@
g 0.01 (= ,..,'_. . &
i o‘ ‘:"‘ ::.."‘-
5 0:.‘:.? :' :.-.:‘i—::'. .
'..'- i‘ 0
". v%\ o:, ry
0 L e L
0 0.5 1 1.5 2
Ferquency (Hz)
(@) x AT
0.02
€
E .
o e 5
T 001 % 0.89 Hz [
2 A 1o,
Q. .'-.la!:: I .- .
& S LAY N
o SAIoAr A i ar
0 0.5 1 1.5 2
Frequency (Hz)
(b) yAM
K10 JEsE 4.0~10.0m/s DEFD
B R R AT HE SR
4. & B

ARFIE T, KEEEMeRRIEBR CHlEE 52 m HiIZE%
BL-Z—4y F& 1l mm B L7-BE, EAERZE 0.1
mm UNTORELZHRT HZ LN TE . ZOh
BICESE, YTV TET LA AT RO
2 LB OIEBOFHANCE L, 3PE I &
FOEY OIREN 2 MRS 5 2 LN TE . Bk
BERDE, y HIE AT x HFEOEMOYEEA
K&EL poTW=, Tix, FHEIL7-28%01X, x=z
ENTIERN L <, yz HITIT LT ARBEN LN T & R
ReEBEZBND., £, GHlIT—420 67— =
BHZAITH Z & T, @Yo 2 FmoEAIEEE I 35
A, FREHME &RV EA RS> T .

Lt LT, BOEETENLTODDITHRTE
72D, BYOIRE) & JROBRIEN Y T A AT
BIND VAT ASHE L TWLS UENF S,

B

AWFFEIE, NEDO DA > 7 T HEFFEFL « THED
FEERERIS Y AT LR T n 27 FE LT T
2. T, HHROBRMICET A E 2 WX
F LB R A IZERE LR 5 /MR B AF
PRI L U@ ORGHE RO TR E TR A2 W
7272 & F LI R R R S i i iR & =
EERKICEHV T LET. 2o, ZHHniEE
F LR RIS - LE T

BE IR

[1] FIREAT : AT R MiEm A > 7 F
WHoEE o F —ROLRL S G AR,
25-38 (2009).

[2] /MRS @ EARFRECE F, 64-4, 369-380
(2008).

[3] AAHIE, GHigsE A 928 )77, 11-3, 161-170 (2011).

[4] =i, FREICR © K <D FERBREIN - il
FAFESS 2 Wi, ASNEL, IR, nEEEE, Bl
R W, AARFEERT) T2, 44-47 (2012)

[5] S. Ri, M. Fujigaki and Y. Morimoto: Sampling Moire
Method  for Small
Distribution Measurement, Experimental Mechanics,
50-4, 501-508 (2010).

[6] BRI CIR, R« MAHIN, 18-11, 8-14 (2013).

(7] FHZRE, ARG, [LHEHS, MR Ot
25-1, 42-47 (1996).

[8] Y. Arai, S. Yokozeki, K. Shiraki, and T. Yamada, H :
Journal of Modern Optics, 44-4, 739-751 (1997).

[9] FR¥E CIR, Jis, ZEBS, ATHIEE 0 R
%, 12-3, 35-40 (2012).

[10] M. Fuyjigaki, Y. Sasatani, A. Masaya, H. Kondo, M.
Nakabo, T. Hara, Y. Morimoto, D. Asai, T. Miyagi,
and N. Kurokawa : Applied Mechanics and
Materials, 83, 48-53 (2011).

[11] @R IEm (RFR) B T a2
.12 (2000).

Accurate Deformation



IR F REBE LFW7eHE WhFeEis 56675 20184E3 A
Mem. Grad. Eng. Univ. Fukui, Vol. 66 (March 2018)

HEREEOREZ AWz A~ — N7+ ENGRIEFE

el B ] * o L

N I (3 W B T e

The smartphone authentication using holding behavior

Takushi HAMASAKI*, Tomohiro ODAKA¥*, Jousuke KUROIWA**, Haruhiko SHIR AT***

and Izumi SUWA **

(Received February 2, 2018)

In this study, the purpose is to establish an individual authentication system based on the smart-
phone holding behavior. We developped a system measured how one holds with the smart phone.
Using this, we collected the smartphone holding data from 9 participants during operationg the spec-
ified application. The data was classified for each participant by machine learning, and calculated
FRR (False Rejection Rate) and FAR (False Acceptance Rate). It found to be 0.130 and 0.106 on
average. For some users, both FRR and FAR were less than 0.05. For this reason, we think this

method is useful for some users

Key words :Smart Phone, Biometrics, Holding behavior
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Application of island model GA in railway rolling stock operation plan

Atsushi HIRAKATA*, Tomohiro ODAKA%*, Jousuke KUROIWA **,
Izumi SUWA** and Haruhiko SHIR AT***

(Received February 2, 2018)

In this paper, we applicated island model GA for optimizing railway rolling stock operation

plan. In island model GA, that performs evolutionary computation in each of many sub-populations.

In the case of processing with the CPU, each sub-population is processed sequentially. GPU can

be efficiently performed by distributing calculations within each sub-population to cores present in

GPU.

We dealt with optimization of railway operation plan as one of optimization problems. When

this method was used for deriving the railway operation plan with the GPU, the effect of shortening

the calculation time was confirmed when processing was performed than using the CPU.

Key words :Railway operation plan, Genetic Algorithm, Graphic Processing Units, Island model
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Use of Big Data in Stock Price
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In this research, stock price is predicted using web data. Many researchers are conducting stock

price prediction research. In overseas research, it was announced that highly accurate stock price

prediction can be performed using emotional values. By analyzing Web data it has been shown that

it helps to predict stock price from results. It is necessary to investigate the usefulness of previous

research in Japan.

We investigated the relationship between web data and stock price in Japan by conducting stock

price prediction using web data. And we made stock price prediction using decision tree analysis of

machine learning. As a result of the experiment, stock price prediction of 63.8

Key words :Big data, stock price, emotion analysis, machine learning
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Coupled analysis of neutronics and thermal-hydraulics for lead bismuth cooled fast
reactor with RELAPS

Koichi YOSHIMURA, Van Rooijen. Willem F.G.™

(Received February 2, 2018)

Nuclear transmutation is a promising option to reduce the amount and lifetime of long-lived nuclear

waste. In the present research, the steady state and transient behavior of a Lead-cooled Fast Reactor (LFR)

were studied with a multiphysics calculation coupling neutronic and thermalhydraulic analysis. The results

show that the LFR system has very good behavior under accident conditions, such as Unprotected Loss of

Flow (ULOF).
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Implementation and Evaluation of The Programming Environment

ECLAT for Novices
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In this paper, we developed programming environment using web system.Programming educa-

tion are necessary to introduce an editor and a compiler to perform C language program learning.

There are cases where complicated operations are required when executing. Therefore, we developed

the system "ECLAT” for improving the efficiency of these tasks.

In this system, students can learn programming using the web browser. Our system does not

need to introduce editor and compiler. and thus students can learn instantly. Also, our system is

compatible with both PC and smartphone, many students can use it.

In order to evaluate the system, we experimented by conducting programming education for

students using our system. . As a result, we confirmed that our system can support programming

education.

Key words :Web system,Programming environment,Learning support system
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Development and Educational Practice of TK 400 Series Microcomputer Board

for Mechatronics Education
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Sensors, microcomputers and actuators are the indispensable elements which should be learned

in mechatronics education. Especially, selection of microcomputer and its programming

development environment is very important and related to a learning arrival target and task

assignment of learning. So, we have initiated develop the microcomputer board TK400 series

for mechatronics education everyone easy to use.

In this paper, we introduce the development background of the TK400 series for mechatronics

education and several examples of educational practice.
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(1) EHBEMIZPAEZSRE LI AT FeBEH
Q) ~AALBFAFERELTHY, CEEICLDHH
RERZEZOTWVWI6EY h~vAf b
H8/3694F (V3 H AT L7 hu=2R) ZiH
32KByte ® 7 T v 3 = ROM, 2KByte ® RAM %
BHEL, AV beHFLEItwEEZLN% 37 K
D 1/0 % f-, JERMZED D PC NAAL U H T o —

A2ERNB LIV INVF T~ arThob.

(3) HT7A=ARF VMY > NI KD BUE
X v MEXOR

~A 2R — R, FAEPEEIS 2 XA AT

THZETEMSEDLF Y ML Lz, B
DFEHEZE LT, [ FATMTEHEEDER, D4

Mo, S oITIiEmiigIc s T 2805 Al o FE%
REEMH LT, BRABOSL VDB AL R
FUZOWTERTHZENTED.

4) >V TR —F (D-Sub9 B ) = % 7 &
a2 X BT 52 L CTHAF—7 L ER
WLL, 70T ADEBIRALLT Ny T, S
L DEER EMRIASKHETE 5.

(5) ~A = BEENH AR Rz A ) $45H

SEREIRZ MG D 2 &<, v a3 R—FHE
KTEMENAIREL 72D K 9 ICAR— R Eiz~A 2 UBR
BB (006P & 9V HZfEEM) =i+ 5. i
WCE Y BREOERWFIAENFTREL 72 5.

(6) LCD (KT 4 A7 LA ) ¥k
BrHMETH~vA arR—RiZE->T, HF

RN TFOFRRPITFE IR A2 B D LTl THN

HRETHH. LCD (16 XX 2 1T) IIATRES

TEMTHY, TOWMNEELSTHDH.

(7) LED & A m A a—FHF = v 7 i1 O

LED [I~A a2 b DE 5H R & LTk
LM R FREETH DN, T u s T AEHICBT
LB L THEMIERTES. &b, 7uns o
D FAT RSO IREH] D ERF R F N 134 > = 2
a—FIC KB EPFHAMNEICRD., £ T A2
YO EN Y 7= LED LW, Avnm
Aa—FOFu—T kR TELTu—THF =y
7 T 5.

(8) DC & — % HIBk#Eh[a] #E D5 #;

AH P REHBEIZBWT, CEMSIERENR OB 80
Ay NOHIEE, Kb LI EbhdEMO—>Th
5. ZIT, BT o RORENERIC S kS TE S DC
E— & HERENE R 2 ESHE L, DC E—Z 060
=T NV EEGRT LI CHATE S LI T 5.
BRENEIIE X7 T o At& DC =4 L L, IEfz, i
iz, 121k, 7L —F D 4RENRFRETH Y, 51
DC E—% OMEEHIEZ A[HE L 35 PWM HiliEEEHE
i ET 5.

(9) RC ¥ — R+ D#s#

RC (7Vay) —RF IV AEFITE > L
BEIROHIENTIRERT 7 F 2o —FD—2>Th 5.
BEho Ry hoE{THRE LT DC T—# B E R
TR, EF I E RN o & BEEh T 5 7
WDOT IV Fax—HE, AHMaBBFILBITHLE



R ERREICT D, Dz, RC Y —R & B
T H7T T Z FTREIZ T 5 RC U — R i1 % #5i#k
T 5.

(10) S O#EwE /RRICT 27 Ful/T «
P VIYNAL S aES

AH N HETIE, UYL OE SR LRI
FEOFENEETHD., SFIEYHEEFHH
THEVYOMNOEEEEIZIE, THhulRrET 4
CHENENRD L. EOFRET L ER FIRE/R AT
T AT 5.

(11) AB=HIVAA v F OHE
~Afarrurs7 7T, ANEEEEXM
WCHEZ DAL v TFRUEATHD. ZODHEND
2 LRTEAMR A T = IV AL F A EE RS
T 5.

PL E DR EHEREIZ RSN THUE L 72 TK400 D4
BEX 1R,

K1 AFbaBEEH~A 2237 — K TK400

~A aR— ROV A XE 90mm X 110mm TH
%. 7V v MEROMEIZET S EE AR OM
MRl Smm OEHEE L, afiy MEYERHCEBIT S
ML ARSI T D L RE{T>TW5. DC &
— 4 &L DC =—ZHEROBERICIE, BHROKS L
Bt OREEZEEB L, QiAo F—IF 17 ny
IR ERER L. 7, B b ofE 5 nE
2B ATICIE, BB R MRED LD A
FL— B~y HEHEHL, Y7y b THf
TEHL9ICL TN,
222 FHTXR DB

TK400 X > MERE Lizizd, RUEFIER Y
ELDETXANRUATHD. £2C, Wi
U v MBI DIT AT OFEE SO L SR
DFMEUMZ., EsnDOIEL &4, BtoOD T —=
— N a7 o OGO, ARk f R
FLEET T 8 R A ERNTFEARD KO ICEK L RUYE

TXAPNEEHR L., S5, ETOHROREMY
B L, TSR MEOME S MmIcHT 52X LR
MTEALIICHELTWS. £7-, HIKRRNME
ShERE bR L, BERLBEERE L OEHT
EDEIICTRLEANEIC > TV,
223 R—F¥R—+54 75V EK

TK400 O &L 5 efliAf~A arvorn 77 L
B L &9 & LIedh, A 2 DR — FERESH
A <72 A REE 2 2 — L OFIHIFRE R &0
RAIRTHD. INHOFREIL~YA 2 ONEEE
FHEfEL TRV ERITE RV, e s T AME
b, RERTRWE D NZD. KIS, AB e
BOBABMCTEERZLIX, ~Afarzfid sy
DX D72 EMNAREIZR D OO OBR &, &
VR LA 7 v — il 72 E AR e T e s T v
TABANDERTHD. EHEDBIL, v~ a2 DON
G ICFE LS RS THORBICT BT T LEFERT
&, TAIT) RLAOKRBIZOWTEELZERTTE S
£, v~ a2 EAHEONEEY 2 —/VICBHT 5%
EFETEEbL, flifa~vr REs5E5%%
72U CERE X AIREIZ T D TK400 R— RH¥R— K7
(75 VAR L-. X, CPU @ifEBREE
WE, AN=ZANAAL vF, TFarg/ 7 I%Ltk
VY AT, DC E— X, T3 —RHlE,
VU TOViE(ERERE, LCD H), KRR, @ 8 4y
WChDH. RKIAT7 7 IVEBERHTHIZLI2LY,
TK400 7286 DFERE A e RIRFFE S 5 Z & A Al6E
272 5.

224 ol T LARREE

Tl T AORRESHEICISEIERLORD D
2, Fxlk C SREEBH L7z, Arduino 72 E D~ A
arA— R, H£EST7 Y FT7r—aE LI AHH
BB T C, EHOM LSBT &2 kb,
ELHEE BT ROANTOREZICT 0 7T MERE
TADMENDD. TO—HFTHIHEELLL, M

FRBIC L2 FONTITHEAT O EBIEICHREE D 2.
THEHRDOFAEIZE ST, i~ arvFR—FE C
SEEE V) FERENL, MAGARBIFE L L THEEIC
HWERETHY, "—Ro=zT7 bV 7 hvoT b5
BHEMIZG L TR ZS I ENTEX DR EN DD &
EZD.

s T AORBEREILX, a2 T AMERERCH
ITORARZ M0 IR L, ] K] b REFRIC R 5720,
ZTOBPUIEECTHDH. ZLOHE, v~/ A A—
ARREET B~ A 2 TR ICEEL SN A RS
REBLWIND Y 7 Ny =T 2HERBETHLEOE
FIHEHL WS, LrL, ZuIFAEICEsTHT
LHHENCT VBB Tl e, EF LI v
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T LABRBREOBERBEMHEIZOVWTHERL, A—Hfl
BT WD, o7z Rl e WA TH #
TERN DN LT WY — Ro8—F ¢ |2 X DA B
5% YellowIDE (/L7 2 R-x74) 28 LT

%. YellowIDE %, ANSI MASIZHEHLL 7= C =22 %
AT LT GUI ICX DM ABREETHS.
Ty e N OVERRSOE Y AR BT B B E FIEN
fiFlbEsnNTEY, PETLEGITHI) Z LN TE
5. SLICEHMBRTEHAEIC LY, ATV EHAR LN
VB FREICHRIELTWDS . ZOENTHET
IR TR A .

(1) #—IF Y7 MEREHEHRLTWDLTD, 7
07T ABFER T Y T AR— kDT — 4
EESLT=ANAETHD.

(2) EEREAH ST NRA AL LTI TILR— bR
ESNTWD72, printf BIELSC scanf BI%7e &
PMEATEXD., 20D, v 3G LTNY
aOX—R— KMo T =% ALY, <A
AVMLERENTET =X EX—I T T D
W FICRRTDHIENTED., 26 DBEED
FIRiZE Y, SEFEEDRLATOIZENTE
5.

(3) T T LDOEEAR (F—F v h~vAfar~
DO7a T MiRk) AR L WA TmD, 2
VRANDBETTHEEBICT 0T T MRENT
5.

4) Biedr~Aar 77U (Bz1X HS, HSS, SH,
RX A 2) THLHBEOREE T /T A%
TX 5.

(5) CY—Aa—REIA—=DHIESLDOT 07T LB
FEBrbE S IEIE HHMEAS S .

2.2.5 TK400 55 TK400A ~
TK400 OBA¥NY, 7Frvu s /5 4 VXV ASHE

ST 20 8 (10 X 2 B )BpkE L7z, Ll

TK400 % ERIZIEH L CA D &, 5V OERZ LE

T DY ~DERP BRI D E N Do
7o, ZOREUGETDHZOIL, axs X OEFES
Z 30 iz (10 X 3 BY) MRICEE L ON
TK400A TH 5.

ANEF OB Z K 2 1T, B AT BT
%Rl A IR (5V) — 55— GND & W\ 9 HERkIC
L, 3Ty ry " eflH+T5Z 228D,
F U ~OBRMENFEEIC R, SEIERT
Fr e PRF 4 DE A YRR TE
HEH ol O U Z LI, TK400
T = AOHBEAERIZ I o TV D,

Vee(+5V)
Signal

TRy /S T4O%IL
ANiHF(BAN)

X2 T7ruaZ,/5 4TV ATIERRELD
=7l

2.3 TK400SH DBEF
2.3.1 TK400SH DBHFEE =

o A E DC &— % FBRE)E I & #5H L 7=
TK400(A) X, AHF huFHELIT TR, 74—F
Ny ZHIEOFEEIC AN RETH S, D6
HH L LC, HEREN o R Y FORSR AT 720,
L2sL, DC E—HFRDT 4 — KXy JHIs 2T
LEHER L LD T 5L, DC £—& DOEERfAFER
AEENVLETHY, TOHICEFn—%) o
— XDV ATI T MEREDVR® H LD . TK400 (A)
WZIXZ DA% b T2/ =®, JPNISMTT D
B EIBE IR 2 RIE L, PC NA TR LTV,
X512, HIEEROERE T, BHE/NSEAT D
EHENMLETH Y, TKA00(A) IZHEH L~ 1 =
VTR RN E A L Wt Fiz,
AH b HBEORETIE, B ANEITFTRL,
HHEIZHHATE 21U 1/0 R— F A MBI -7
PLEDZ B, 2011 41T TK400 (A) O % G+ kR
EAEL, v aryAR—FEOHMLVAT U MEIZ
E[F UAZ L7= TK400SH DBHFEZ1T - 7-.

2.3.2 TK400SH O ~N— K7 = 7 4%

TK400 (A) O FALICALEST D2 A e BE N~ A
227" — K TK400SH (%, T 5~ A1 2L LT,
FHAAAEZS 32 By F RISC ¥vAf 7 nar =
—X%TdHs SH (SuperH) vV —X (LxHh Rz
7 hm=27 &) OHF)E SHTIS Z8A L. 20
v A a Nk, e—F Uz a—EnE0 L EE
I NTD2F v FVONMFHEE— N E
LTW5%. &K 50MHz O v v 7 TEIEL, TH
NI LV EEREARM ELTEY, 37 KON
IO #F L 8 ADAFEHMT- 4 .

TK400SH O F 728 4 LL IR 7.

(1) ~A =2>: SH7125F

Wik 7 7 » = ROM 128KByte, RAM 8KByte
(2) LED X 2(Fvuru—7HF = v 7 i1t)
(3) LCD(2 1T X 16 3X5) X 1



@) #7 bAAL vF X2

5 10Ea—2)—F ¢ v T AL vF X1

(6) DC &—Z BR#Eh[a]% (TB6549PG) X 2

B RERATR 30V, 3.5A, PWM HI#HEGERS

(7) Zyary—rRHu X2

Q) 7HulIT 4 VHNVASES X 8

A/D EHER O FEREIZ 10 By b

(9) WH 10 B+ X 8

(10) e —x V= a—& A X2
BRAE D ARETH D, 2 FHE T ATIxbIG

(D) I 7nrala=r—rarkR—hF X2
TTL/RS232 L /L DR A3 A HE

(12) <A =2 EEH B

006P %! OV W BB A F5H L, 6V ~ 12V OANIE
FOFMH G ARE. ~A 2 & FEAREOERETIE
5VTohY, 1A ETOAMEBIRELEMETE DK
R DR [E]E 2 Ak

TK400SH DOAMELA X 3(a) IZRT. FERYA XX
TK400(A) £V 0 LRKEL 2D, 100mm X 115mm
Thb.

(100mm X 115mm)

(a) TK400SH

(b) LFTK400SH  (100mm X 85mm)

X3 AHbaHEA~A AR —F
(LF) TK400SH

B 3(b) (X FK i FEEH &M 2 H LML L A
#a5h > LFTK400SH T&H 5.
2.3.3 TK400SH OF| A ks

TK400SH |3 TK400(A) & [AERICEUYET 2 F &
ERC L, FENIATEMHTEZERBRTEL LT D
s, MRS F R EA T
HEHicLiz. &bl &tk 7T v K-
D772 X v, TK400SH % /ALK (100mm X 85mm)
L 7= H# 5 D LFTK400SH # A TX 5.
23.4 (LF)TK400SH AR — RV R—+rF3 475V
B

(LF) TK400SH 728 & DfERE A I KIRFEIH TE 5 &
AN LER—FKYFR—FTF7 477 VKL,
TK400 (A) & A2 R T2 72012 TZ 5BV B
Bhmm— LD, 1B L7 BEUILL T IZ R 9
S SIBEMTHS.
(1) VO R— FIIREE, AA v TP AT
(2) DC =—# #filf#, RC Y —RET— ¥ il
(3) AD AJj, 2filn—X V= a—Z A7)
(4) LH 1/0 R— b
G vITnrala=hb—yvar A HTxr—RA
(6) WERIFEH
(7) LCD i/
(8) DC & — & il il KL b B
9) PCRAALH T 2 —RA
23.5 (LF)TK400SH ZIERA L7727 4 — KNy 7 il
B FE B

T 4— RNy ZHEIBNZHOWTEBET 57912,
(LF) TK400SH Z i~ A 2> AR — K& LTIHFH
L= BEEBM OFHI 253 27~ 708, TK400
DU — R e AR LT FEREEE 121X, MCORE &9
LFRE DT TS, LD~ A 2 R— KA, A
1 b e =2 A (Mechatronics) D= D F1CT% (Core)
IR TH BV, EWVWHEELDREVIEEICA
STWA.
(1) —#mfh7BEEN R 2 7R >~ b MCORE-CART

B4 1%, M CAFERESRERHOX YR 7
A, ALYy b, 2= _"—=P LT L— TR L
72 TERIRSIEREN R OB HTH D, UL, BRENERO
T 4B SR o1 HE OOV [ B R 2 PRI LT R
M, BREgcimisaEr e L Cr—F )
Ya—FERVMTTHD. RERIIEKKROET L
TEOEEMEEZILTE, 74— Ry ZHlfEo
BTy alb—yar EBEOSENLL —
#1425, ZOREOFEMEZLEBLT, HIH#E<CH
REIEHE R OFMR A IRD H Z LM TE 5.
(2) HEFHIENL 2R~ b MCORE-IP

¥ 5 1%, MCORE-CART DAy (ZME A} 44 E %
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BT EEEAEE o Z2RITDHZEICXY, BT
SHTANATURAZWMAHZ L AANE LI-HIEX ST
HbD.

X5 H#GFREST 2R~ 8 MCORE-IP

(3) & HAUE LR MCORE-IPn

6 1%, MCORE-CART b (Z[Rl#sf &+ o % &
X, TNICEYRESOT A IMOBEZERY 5
LT, AHEARNIRFIZLEDLDTHS.

X 6 HHEAESHE T MCORE-IPn

(4) Eﬁ&ﬂ(%i%%ﬁ"t MCORE-Magnet

B 7 (X ERAIEY) R B2 L, BRERA 28
J:é*@f%f) et 7% HiY & LeEBIEETH S, WER
MZEHET 572012, SRERONLEOFHINZ T L I8
A FLEEAGEE Y EFEH LTS, oxiE~ A
=2 H8/3052F THERK S LT 7= 2EiE 2 TK400SH
ICEEHWZ D THD.

7 BEREF LSEBREEE MCORE-Magnet

2.4 TK400RX DBEF
24.1 BAFOER

(LF) TK400SH OBHFE/ D 5 NS L, O
Zv A a2 ERNE L # L. i,
BRI TR TH T~ A 2 bR IR DO~ A =
UNERBITLTE . E5IZ Arduino 1/ 2D FH
NS D, A—T v ) — AOREEE L —T N
~F¢m7*;égﬁﬁﬁ§<ﬂﬁén,%f%ﬁ

R TX B0, RE—SBEIFCRHEY
ﬁ HRUE KL, HROEREE LIESND
X o=,

ZDO—HTHKGZ L, FRCH A ~EIDIAHLIZE
LCiE, ERFMOFMBEICKE RGN H L. A D
FREENDL T 4 — RNy 7 HIEEE £ TEHERIC
ANT=BE, o7V o JHRE 2 LIS g & o
BUEFH R 21T 9 72012 100 us ~ 50ms T2 O #i[H
TIERBICHKETE A XA VEVIALNMNEATHD.
AH vaHBEA~A 2y R—RE2FAT88E5
FERTTRL, %ﬁ@ﬂw%—wwiyyz7v
HFRHLTH B I =DIiciE, Tk T EICEMERE
A aR— R ~%L7‘£o7‘_.

ZZ T, THE TR L TE7 TK400(A),
(LF) TK400SH Dk atfLAkZ k& L o>, HrLwn~
A EREHT L2 L THIERIREENI O Z b2 50
b, CAN &) 7V BIEMEOFTE, &
HE72 A/D, D/A ZHigrO#s#k, DC £ — & BREhE
DEF ¥ 3 bR Y, L0EL OEE bola~A
21278 — K TK400RX % 2016 412 BA%E L7z,



2.4.2 LFTK400RX D— R = 7 4%

TK400RX 1%, M &tto v 7o R 712k v
PEitib &1, LFTK400RX & LT 2017 475 ik
cGE - AR — M T TV S, X 8 IR T HK
DH A X% LFTK400SH & [7 U 100mm X 85mm T
H 5. TK400SH F TIXIFATFIT 2 AR TE 5%
v MMERXZBIRATGE TH - 7243, LFTK400RX Tl
EEEFREOTD, FERMOALDOFMICRS.

EEVAY T35 %Y/ N felb e

8 ~A = 7" — R LFTK400RX

(1) A4 =z RX62T

CPU 32 B k RX CPU

RS & FPU (BN R T etk i) #
W

ROM 256K 734 K, RAM 16K /3A k

AN— R EToO@EEE R (CPU 96MHz, i KEME
JE¥ %% 100MHz)

CPU Vv b AL v FHilk

(2) LCDQATX 16 X7) X 1

(3) LED X 2

R— MCE#SEER SN TEBY, a7 7 A THaK
WIENITZ 5. AvarAa—FHF =y VT 5
O, e 7T AORBRFR O CICEHTE 5.
@) 27 AL vF X2, 10#Ee—2VF ¢

A vF X1

(5) 77 vfF& DC E&— 4 BREhalE X 4

ET— X HERAT 2.5V ~ 15V), THHIIER
1.2A (¥'—7 45A), H K PWM JE ¥ 400kHz
(6) 7y arvP—ARHuET X2

HIRDO T Y arh—RDaxs ¥z kT 57200
TEHLICHAYtTZ EnTE s, —RAERITI
W HASET ARRIC e > TE Y, 48V ~ 6V 2 HE
(N 7FarZiIT o VXNV X8

12bit Z3fRfEE &> A/D AJ1% 8 F ¥ FILEHL.

91

FEHEB LT 4.096V/5.0V D EL HNERINTE 5.
T a Z ANNERELSMET 4 2 VAT E L CENE.
8) 7IFusHI X2

12bit S3fERE % D D/IA BHigs % 2 F v 1 LH5H.
FEMEE T 4.096V/5.0V OB L0 RIRTE 5,
9 MWHATVO R—F X1 (8 AHH)

(10) p—Z Yz a—F A X2

2 fim—& Vv a— K EEEER T, —7
a2 ATy TTL AT B il RE.
IR AL ERRE © 5.

() UV 7rnalia=r—rarkRK—hF X3

{5 B 1T 100bps ~ 150kbps DO #iFH CTi% € I AE.
TTL/RS232 L LD EL L NnERINAEETH Y,
7 v —HlEIZ & xS TRE.

(12) PC i+ X 1

YUTNAas o= —grR— e, KR
400kHz D 7 &~ 7 JE AL F T xbhis FTRE.
(13) SPI (Serial Peripheral Interface) X 1

K 3 T /3A A E CTHERE ATEE.
(14) CAN X 1

ISO11898-1 fLEEIZHEHML L 7= CAN (Controller Area
Network) E¥ o — /L5 ##, ¥ D 74—~ v
b, EIREID 74—~y FDELLIZH XL TE,
K 1Mbps F TOI(EHE O ENTIHE. Hefe &
G0 B LS ATRE 72 kPl E CAN R T v — %
HEH L TWDH7ZD, CAN Z#HE#H Lol ko
LFTK400RX % [HEHEHET 5 Z LN TE 5.

(15) ~ A = ERE)HERFER (006P Y wz FE i)

S EIR R - A i T TV D DT, RISk
DOEPRME S FTRE. AR D22 LB R I & 5
WLTEY, v 2250 EMEKIZ 5V, 1A F
TOAMEREZEMBETE 5.

(16) FERY A4 X 100mm X 85mm

TK400SH X W Z e CTdH » CTH A D
LFTK400SH & [ USEtcth 4 X Tdh 5. LCD &7
=, AL 10 R— k72 E OB+
%, RO LR CMAEICLTHLTED, v A=
VAR RNOEZHZNFRETH D.

243 HA<EDIAK

LFTK400RX [ZHH I TWH~ A a RO X
A <EEON, =—YREHICRHTE % A ~El
DAL 3 %H (CMTO, CMT1, CMT3) T 5.
B A LR_R—=R LD 48MHz D7 v v 7 %43 ET 5
ZEIZED, 03us ~ 0.7s OFPHTE D A
EREL, FHTA2ZENTED. £z, XA ~E|
D ABRZNZEIUTHESENEN 2510 24T, HEDO X A
~ &[RRI T 2 2 HEFI VAL ZITO 2L b
ARETH D.



2.4.4 BEBCRFREIHIEIEHC ST D EKMERI S RE S
BUARHIME BRI 12 B DWW TRRGE S U7 il g 135K
(DD XS Tk s, v 27T 22X 5FEK
ELT~vAazsdians. 22T, zlkl, ylk],
ulkliZEnZhoRiEE, BllE L BEEEZEHRT 5.

{zﬂmd]=Adzﬂd-Fdeﬂd (1)
ulk] = C,z[k] + D, ylk]

BT LS N HIER R, SROHEGE TH D
FEREEENE X, K0 < OFERB AL
2%, FZTREWRREE SOl LT,
(D) OFMEFHHEICE S DR 2 5 L7/ R o —
il &3 1 127”9, LFTK400RX (2L CW\Wb~A
a0, FEREE S & B R B MR R A
L TWD=H, TK400(A), (LF)TK400SH L Y
HRIEICFHERB N ERF SN TR Y, SWEERE
BEANEALTVND I ENRDND.

7B, K467 OREHFEEBEMIL, W
LT N7 m T AOEIET T T LFTK400RX T
T2 Z ENARETH 5.

F 1 TK400 > U — RO HEAES
I ZF D RE | TK400(A) | (LF) TK400SH| LFTK400RX
2R 1.31ms 0. 25ms 1.61us
4R 3. Oms 0. 59ms 3.44us
6% 4. 8ms 0.98ms 592us

2.4.5 LFTK400RX AIAR— FK¥R—+F4 75V
#

A=KV HR—+T74 77V EEIE, 234 TR
729 B ORI D/IA HiJ1 & CAN I@E I3 28
REEMZ, 11508 75 BA%k & 1Ek L7z,

TK400 vV —ADHR— Y KR—FrF7 47TV H
Bk, SERGEE VAR — R EfToCWVWDH T T v
R 7 DR —BR_R—=I N EE T Y o m— R
LCHATDZENTED. &b, By —=
a— RZETABRLTEBY, FAENMEHE ISR
CCHAZARTHZELAETHD.

2.5 TK400 3 U — X DOESREELER
7% 2 1% 2008 FE BB 21T > T & 72 TK400 >V
—RICBITHEREELHKR LD THD.
TK400 (A) ([ZH5# L7z~ A 22> H8/3694 1%, Hlik
DKL TWAHT, BUIETITHHIEAT S Z &7
TE RV, B YWD TK400(A) DEERE & b,
LFTK400RX TII~A a2 OHEENRKE M ELT

WHTEIF T <, BLOBEREDREED RIBICH 2 T
5. BT U T AEED—H>THAD CAN X, HiE
FEEE I b TS Z S, CAN ZiEH L=

AT b u B ORYENAEETH .

32 TK400 U — XD EHERE D bk

o 1)—X| TK400 | TK400A (LF) TK400SH LFTK400RX
BAEE | 2008 2010 2011 2016
E# H8/3694 SHT125 RX62T
E4 = 16bit 32bit 32bit, FPUIE &
R—KLD 20MHz CPU : 50MHz CPU : 96MHz
BEA RS 130 : 25MHz 130 : 48MHz
ME | 16bit% A< x4oh : :
54 <t 8bit4 42 x 2oh 16bit% 4 < x8ch 16bit%2 4 < x 16¢ch
LeD(16XEx247) | LOD(I6XFE x2/7) | LOD(16XF x 247)
24y FFE@Q) 24y FFEQ) A4V FEQ)
E=5FALEDQ) E=SALDO) E=SALEDQ)
_RCY—ARME@@ | RCY—RMED) | RCY—REE Q)
DCE—% K54 /5(2) |[DCE—4 K5 4/3(2) |D0E—4 K54 /3(4)
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Development and Evaluation of Magnetic Fluid Grinding Apparatus for Producing

a Micro-Sized Tension Test Specimen

Yu MATSUO" and Kunimasa TAKESHITA*

(Received February 2, 2018)

The tension properties of micro-sized metallic materials and their joints are the most basic

mechanical properties. Nevertheless the conventional JIS standard for tension test is not sufficient to

evaluate them. Therefore, it is required to produce a micro-sized tension test specimen of high

precision. Magnetic fluid grinding is considered suitable for this purpose because this method

enables high precision grinding to a local region.

In this study, we developed a magnetic fluid grinding apparatus for micro-sized round tension test

specimen, and evaluated the effect of the upper roller pressing load, the magnet moving speed and

the specimen rotating speed. In addition, tension test was carried out using a micro-sized tension test

specimen of Ti-Ni alloy produced under appropriate grinding conditions and resulting in the

usefulness the magnetic fluid grinding apparatus developed.

Key Words : Tension Test, Micro-Sized Round Specimen, Removal Machining, Magnetic Fluid
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Fig.3 Appearance of a magnetic fluid grinding machine

for producing a micro-sized tension test specimen.

oller
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Fig.4 Appearance of enlarged processing area.

Specimen

Note that magnetic fluid between upper and

lower rollers is removed.
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FBRG % Table 1 12" T, ~ A 7 aBliERBR I
KT HRHEE A X, MBSO REM S & EERD &
E L7z, R IR, PATEBICI T 550 dh 7
MO F X 140um TOR,ZALE D 3 fETCHIEL, Z
NHDOMHEOVEE Ui, ERB BEADIE, FATH
ZBTHEED T EETCOEARD EAD ZHIE L,
INHOMOFEHMEE L.

Table 1 Experimental conditions.

Magnetic fluid W-40(Water based)

Saturation magnetization:380G

Density:1.29 X 103kg/m3

Viscosity:2.5 X 107?Pa - s

Workpiece Super plastic Ti-Ni alloy

(@100pm X 50mm, R,;: 0.10pum)
Magnet SmCos(Magnetic attraction:2.9N)
Roller SUJ2(p2mm X 4.4mm)

Abrasive grains | Diamond

Grain size: 1 pum

Concentration: 10mass%

Grinding time 3600s
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Fig.5 Variations of reduction in diameter with respect to
(a)revolution, (b)pressing load and (c)moving
speed.
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Fig.6 Schematic representation showing abrasive grains
on the rotating surface of specimen during the

magnetic fluid grinding.
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Fig.7 Variations of average roughness with respect to
(a)revolution, (b)pressing load and (c)moving

speed.
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Fig.8 Appearance of a micro tension testing machine.
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0 5 10 15 20 25
Strain[%]
Fig.9 Typical stress-strain curve of a machined Ti-Ni

alloy specimen.

Table 2 Mechanical property of Ti-Ni alloy.
Tensile strength [MPa] 1176~1960
Fracture strain [%] ~25

Fig.10 Photograph of a specimen after fracture.
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Tensile Strength of the Micro-Resistance Welded Dissimilar Joint
Composed of Ti-Ni Alloy and Stainless Steel

Satoshi YAGI* and Kunimasa TAKESHITA*

(Received February 2, 2018)

Laser welded joints of Ti-Ni alloy and stainless steel have been reported to have low joint

strength because brittle intermetallic compounds are formed. In order to avoid formation of brittle

intermetallic compounds, Pd was interposed as an insert material between the base materials and

performed micro-resistance welding of Ti-Ni alloy round bar and stainless steel round bar. The

joint strength of the joints welded by the method was investigated in comparison with that of the

joints which the base metal was welded by direct.

The results indicated that, Pd interposed as an insert material suppresses formation of brittle

intermetallic compounds. The joint strength of the joint was improved and reached the maximum

value of 699 MPa. With respect to length of base metals melted L value, there was a threshold

value and when the L value exceeded the value, the joint strength decreased.

Key Words: Micro-Joining, Micro-Resistance Welding, Joint Strength, Dissimilar Joint, Stainless

Steel, Ti-Ni Alloy
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Fig. 1 Schematic drawing of experimental setup for

micro-resistance welding.
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Fig. 6 External view of a joint.
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Fig. 7 Magnetlc fluid grmdmg machlne for producmg a

micro-sized tension test specimen.

Tension test machine

Load sensor

Fig. 8 Micro tensile testing machine.
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Fig. 9 Variations of displacement between electrodes

with time for each energizing.
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DRI EFRIC L DBERD, =% —aHM X
Moo (EDX) (2 & DRt aedT -7,

3. RBERRUELR

3.1 5IRHBRFER

A%, NT & SUS O~ A 7 nfiyulass: (L
BEBAE LML T D) THEAGLEMT 6 AL, Pd
ALY — ML T~vA 7 alihulE: (L% Pd 1
— MEB LKL T D) THA L7k T 13 Ao gl ik
BRAa1T o7, Fig10 (25| & & RtfiRR S oBR%
R, EEEAEECHES LT OER S, KA
634MPa, #¢/K 501MPa T V) BT 6 KD FEH5| 5k
J &1 558MPa Th o 7=, Pd A v — MEBETES
L7k F OGRS 1L, Hi 699MPa, ik 503MPa
Th v, R 13 ROYE 5 EMR S 1% 592MPa THh
ol 72, Figl0IRENDHE I Pd A o — |
RHEOBA, BIIEIR S A 600MPa LL_EDORKFIL 7 K
H 6 AN L<15um TH Y, —FF51IEMR 2 600MPa
LN OfFIL 6 AH 5 KD L=15um Th o 7.
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Fig. 10 Plots of tensile strengths against length of base

metals melted.
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Fig. 11 Temperature histories at the middle points in the
cross sections of the weld joints: (a) laser

welding and (b) micro-resistance welding.

33 EHEEE
Tablel [ZEBEARE THEE LT T1~J6 D 5|5ETR
S opfEZERT.

Table 1 values of tensile strength o for the joints
directly welded.
joint ID 1 2 I3 J4 IS5 J6

og[MPa] | 634 | 573 | 562 | 542 | 538 | 501

Fig. 12(a)lZfkF J1 @, Fig.12(b) IZHET 14 D,
Fig. 12(c)ICAKT J6 Ofkrim (SUS M) o SEM [#iff
%%#.ﬁyﬂ@#%%%ﬂ@ﬁ%ﬁfﬁ,*ﬁu

DOFFIKTT ¢ 7 IVEERRDS, 5% D ORI TR
$tﬁf£ﬁ&0)/v—/\& VEER DR C &, JEME
T & Wt i ANRAES 5 2 & 230D . Fig.12(b)
D OIET J4 O T, T J1 054 & RED
BARDPHEGR CTE 2203, Wl 2 &7 1 7 /UHEED

T E DAL, U N— R — U EER D R
TEDLERMNILNT ENbMND. 51T, Figl12(c)

AT J6 OREW I ClX, LA 2w A OV R
— NG — AR DR C & D RIS KR4y & 8O T
WA ERDND., ZOZEND, op D EWIET

FEET 4 VT NAREED RS T & DN AL, opfE
DERHETE & PR T 22 i Sy OV ) R — X H —
muf%‘f E)FE\TJZZ’)J“I/\

Bk

Fig. 12 SEM photographs showing fracture surfaces of
the directing welded for: (a) J1, (b) J4 and (c)
J6.

Fig. 13(a)lZAKTF 1 @, Fig.13(b)IZ #KkTF J6 DRk
i (SUS {H]) T EDX MHif§ % /9. Fig.13(a))> Bk
T I Ok i, A m R VY N—oR
— URREE DS HERR T & D HEIL T, Fe eRBFAEL T
5HZENbnG. E£17, Figl3b) kT T6 O
Wik Clid, PR 722 SRR T & HHEI T Fe
JLF#R, Ni mHEKO Ti uH#E R, U= — gk

FRCE DHEIE T Ti R KNI TRENFEL T
WBHZ ERDbND., ZDZEnb, UN—NE—
TR HER C& AMEE T, FIC Ti oL ONNI o
EVFEL, b ENERELEMETR L
722 L Ot ERNE X BN .

Fig. 13 EDX images observed at the fracture surfaces of
the joints directing welded for: (a) J1 and (b) J6.



3.4Pd A Y — MEERE
Table2 |2 Pd A >V — MAETHA L-MT
J7~119 @ oK O L B &R,

Table 2 values of o3 and L for the joints welded with
insert Pd.
jointID | J7 | J8 | J9 | J10 | JI1 | J12 | JI3

os[MPa] | 699 | 671 | 657 | 652 | 635 | 631 | 614
Lium] | 11 | 14| 6 | 10| 10| 14| 22

J14 | J15 | J16 | J17 | J18 | J19
545 | 528 | 525 | 523 | 513 | 503
19 | 23 | 11 | 26 | 15 | 36

Fig.14(a)|Zf¥ T J7 @, Fig.14(b)IZHET I8 D,
Fig. 14(c)IZfET J16 @, Fig. 14(d)IZHET J19 OF i
(SUS fill) @ SEM [#if% % /~3". Fig.14 7 HHkT 17,
I8 DLW TILT 4 > 7 BHRDS, kT J16, J19 O
MW Tl U N — R — BRI E ISR T, H
BEEA O%E LIRS, opEXmWIEFIZET 1~
TVERRDIGHERR T & DR L, o MR VHETF
(EE U N— RS — BRI ERE T & D RN A,

Fig. 14 SEM photographs showing fracture surfaces of
the joints welded with insert Pd for: (a) J7, (b)
J8, (c) J16 and (d) J19.

Fig. 152/t T I8 @, Fig.15(b)IZHET J16 O,
Fig 15(c)IZAKTF 19 Ok (SUS i) To> EDX ]
%% "9, Fig.15()h HHETF I8 DM Tlix7T 4 >~
T VERR D HERR C & HHEIK T, Pd SR FEL TV
HZENPNE. ZOZ D, PABMLOITLE E S
GEER LT Z S » CHEMEEEN R & 72 85 %
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bhd. Thebbh, Pd BFEET 2 HFH CHETs 248
A OEREZRBCTE - EEZE 2N, FTt,
Fig.15(b), (c)2>HAkT J16, J19 O CI%, U
—NA — NERR D HERR T & HHEIKT Ti R KLY Ni
TEMIELTWD Z ERbnD. HEREOES
& FARIZ Ni-Ti REREULEWRTER S L7 2 &5
SRR T OFIN LRI D. ZOREE, L ED
Iz~ T, @R L7 NT 12 Pd AR S, 0
fi ke Ni-Ti R BELEW DL RS 2 Z &2
WEIC7r o7t B2 BD. Fi2, Figl5(e)h bk
F J19 Ok ClE, HERAY I 2o im & OV 72 U
PR B — R HERR T & D HEIE T, Pd iR KL
Fe TENGFIELTWD Z N5, LIEOEIC
P> T, SUS M3flfiR U772 Fe-Pd && 0B S,
ZORERBIERIME T LIZEBZOND.

Fig. 15 EDX images observed at the fracture surfaces of
the joints welded with insert Pd for: (a) J8 and
(b) J16 and (c) J19.

Pd %A ¥ — & LTHESHE Ti-NIi Gd & A
TV R E~A 7 uiRPUEE LGS L, Ti-Ni
BRE AT UV AME B~ A 7 v PUEEE L2
HIZOWT, FOFIIERS 2 il - Rt L-. 5
ST LA DL FIZR T
(1) BEHEE~A 7 aflREEE L6, SIRMI DN R
KA 634MPa |Z3E L 7=

Q) PdEA Y — I E LTNTESETLGA, T
DB R Z A3 F L, HKE 699MPa (25 L 7-.
MMERE S LEICBE LT, LEVERDD L
ENZEDEEBZ D EBIERIMET L.

(3) Pd WMFE(ET D& T, M2 & mibam ot
B & ] C & fk W T o v VB
MR TE72., LML s, LENLIVESE
2 7o T Ol R I ME R S R S T
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