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Molecular Recognition and Application in Industrial Field Based on Macrocyclic Host
Thiacalixarene System

Fumio Hamada**

Abstract

Thiacalixarene (TCA), which is a macrocyclic host molecule, where benzene rings are combined with sulfur atom.
TCA has unique capability such as making an inclusion compound in the cavity by non-covalent interactions such as
hydrophobic, hydrogen bonding, n-rt, and van der Waals interactions. Such an interaction between intra molecule or
inter molecules are making beautiful 3D architecture, which is able to create intelligent molecular such as nanoscale
capsules and cage structures. Those interactions play an important role in the living systems, frequently occur in
supramolecular assemblies. These assemblies have great potential for selective guest encapsulation, drug delivery,
transport, and catalysis in many applications, since the interior spaces can be functionalized to achieve different
desirable functions. In an addition, TCA has affinity for the metal ion because of due to sulfur, which seems to be
preferable for infinite intermolecular interaction in the solid state because their bridging sulfur moieties have a high
affinity toward a wide range of metal ions, moreover in even the application field, metal extraction capability in

especially for the platinum group metals (PGM) is so large.
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SO3Na
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]/ 100°C ]/
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6 =IRIE n-n

Na 513K 557 5
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AL X T H g Lic oy FRIFIEERIC X 0 B0 12
(2 31).
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“up-down” double partial cone conformation

@®:Na @:0 @:C O:H
30 JKEETE 6 SR D XA AL S0
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31 m—nAE XTSI EAER O

BT Na @BZN L TH TR TRED RSN,
KFILTZAKGFE AVT U & DKEREIZLD D
Thd (X32). A BEENZAICEE L2 &
IHEEZ > TV 5 (M 33).

FT VI A6]T L —r RN T 4RI T 2 =R &
PR AR T 20718, 54 = REDOKEZEK 34 10K
7

13.213
2.814

.\

32 WlEAA LRI R AOFH EAER O

33 JKEEME 6 BT DR REIE

1e sulfonate Ln, (xH,0) yH,0

LnCl3nH,0.H,0
3! 2! 2! [T .
Ln = Lanthanide metals

X 34 7“773) VI A[6]T L — AN T W & TR
=AR & DRHE®

HO

HO ol BE™ Jiune O

HO H I
Each atom depicted as follows: i

®:Gd @:0 @:¢c O:H

35 Gd $ERD X fAiE®

“up-down” double partial cone conformation

ﬁF‘U —‘rﬁA(Gd) SEIROHAE G 2K 35 12T, Gd
SFDOKEELLL 153FD 5 122 Gd 23HLY
ﬁizht?’y7 — AL RIREETH D Z RN D.

36 La @AM L
La = light blue, S = yellow, O =red, C = gray,
H = white, h="7.214 A, w=7.620 AU®

FAEOREE L Eu, Tb, Tm, Yb KO Lu DBAITHERR
ENTW5. —J, La, Ce & DA —RITAIESFIR
*%Ja%mﬂ“. X 36 |2 La $ffAfEEZ~d. 2D LI
KA T B 6 BARDEBBFIMIZIEE THD.
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D 7anF AL LD SR RICAFT A7 (6 #iIR)
R LHFLOEIIC Y /a2 L T 5.

;ﬁ? iﬁﬁ#
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Br ﬂ

1
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YA ZREEAR DA L)
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(b) ~FH AV IHEETOSFRIMEEER; =
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BT D AR
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6. FTFHIVHORTL—rEAREKEERICHT 2 ERHER
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W7t (Platinum Group Metals: PGM) ZxF9" 2 BLAnME
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AT b= X RIS E AR CYD S 13T

LlehlEZOBND.
100
% @: TCaA
80 B: TCEA

Zr Ce Ba Al La Y
metal cations

Rh Pd Pt
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Z D%, B < OFBBERNPER S EmOIHEER O
BRPENER SN, 6 BEOHENHE TH LT

DFEEEROERITEIC 6 BERIZOWTHRF SN, =
2T VEREAR (1) K OV R FA VAR (2) D Hh HIRE®
IZDOWTK 41 1T T, = AT /VRIL Pd & Zr 1S8R
R LTSN SEANIEZE A LT 6 &R TIX P I
%L TCOBRERMEZ KL, ot 100%6TH 5.
PENKT 2BINMEZ @D D720 T/ HOE N
RBAT=®), K42 ROE 3 IC2NZENofEE & Pticxt
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C(CHa)s ((CHa)s
6 )
AN
\CHZ C|)=S
(:3=O N(CHg),
CHjy
1 (2)
100
L IS |
N:2

Extractability [%]
W
(=

o ; i . |
Rh Pd Pt Zr Ce Ba Al la Y
Metal cations
41 1 K2 s L SRAA A EE®
R
1:n=4,R=CHN(CHCH,), R'=H
2:n=4,R=Bu,R=H
3:n=6,R='Bu,R'=H
4:n=4,R="Bu, R = CSN(CH,),
5;n=6,R =By, R' = CH,COOCH,
S
n
OR’'
2 FTHVIAT L —FHER DR E

3 SREFERIC LD AemtE®

Pu(IV) E%

pH 1 2 3 4 5

1 64 0 0 49 1.2
2 80 0 0 38 1.8
3 72 0 0 20 3.1
4 40 0 0 1.7 4.0
Note: [M] = 1.0mM; [E]= 1.0mM; time = 24h; temperature =
20 % 1°C.

TIEEBAN LT 1 OZITHIHEED R D b pH=2 D
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AL URERE FCO RN PICL> TH L7 L5
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WIZV S BEREFE DB A Z 7=, Vb = AT )L
RQ)DEAE EEEZX 43 1ORT. VUZ2EATH

ETHIZITAY NI AR L I3 N Bz
(X 44). B BEAT OV EHRERAZE A LS

TERRLMEEBHZTTTEOLH 5.

e
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2
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80 1
g 60 -
m 40
20 1
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Al Ba Ce La Pd Pt Rh Y Zr
metal cations
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WS AR E=0.292 mM, time=0.5 h,
pH=3.682%

TA LI 4 BIE®, 6 EIRCOD T ’U‘/@E:f:x?
NWIEEEANLTZHEERE A LTz, ¥ 45 (128 RL—h
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AN
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—
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OH 4 N 4
| okt
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04 ok
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e VN LA
Metal ions
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The Observation of Frost Growth on the Micro-Texturing in SEM and Surface Design

Takayuki Tokoroyama**

Abstract

In general, frost generation on cooled surfaces have a harmful influence on prevention of heat exchange as well
as falling frosts can cause contamination of some medical or daily products. The countermeasure of frost growth on
the surfaces achieve by heating those surface by electronic heaters even if it is refrigerator. To enhance eco-friendly
electronic devices which have heat exchanger, the surface design to prevent or detach frost from itself is highly
required. In the current study, micro-texturing and wettability of the surface were hypothesized to have significant
influence on growth process of frost. Several surfaces were prepared such as a lotus leaf which is famous material
for natural texturing, and line and space type texturing which was manufactured on the silicon wafers. In the
environmental scanning electron microscope equipped peltier device behind of sample can generate frost on the
specimen surface, hence, in-situ SEM observation of micro frost was conducted. In the case of hydrophilic surface,
frost quickly grew on everywhere with low contact angle to the surface, and then the observation area was covered
by frost. On the other hand, if we conducted same procedure to obtain frost on hydrophobic surface, the contact angle
toward the surface was higher than hydrophilic one and growth speed of frost was lower than hydrophilic surface.
From the observation, the frost on hydrophobic surface grew without enhancing their contact area between frost and
the lotus surface. In the case of frost grew on hydrophobic surface, the frost did not grow with widen the contact area
between lotus leaf. To determine the accommodate micro-texture design, different width and depth of texturing was
applied to observe, then the appropriate gap was determined between 2 to 8 um. The gap could minimize a contact
area between frost and cooled surface which could decrease adhesion force.
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Fefhi=00), MEHRE A2 AW - NG OBERI D B DX < B
ER ENBRINTNDHO, Lﬁb,~%%h%wEMT
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R 7E ﬁﬁ%%ﬁofwé %ﬁﬁﬁ%«@@ﬁ%@

w%@mﬂiﬁ%%h&wt , T IRGE R TR
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BILFZEIL, W25 TSR Z A S 2 JBWH K OY, 8
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PR EZ RIFT O EEZ DD, A5 Ti‘f
7 A2F % U o VIO FERR 2 i aTee /e e, 787

Ein ﬂbfﬁﬁﬁﬁpﬁﬁﬁétb®77x?¥)/
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Beam, EB) 1%, #5f#% (Ultra-Vibration Digging, UVD)

ER O A S —IZ L 504 (Dicing, D) D R72 % 3 FtA
OMLEZRANTT Y a2 EfR BiZpum A X077 A
Fx V7 aER LT, F70, RENIT KR A i L,
N2 B DIRRR T D AR & BREE A A A T BAEE

(2 LD MEDMT O,

(ESEM, Environmental Scanning Electron Microscope) Z W
TBIZE LTz, RS DOEEELWIONIT 57201, EBIE
ZRWED, 1um UL EOES Z#ET 25 Z L RETH
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PHMEEO F M 1 FEORIRD X HIT, HET
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ESHTWD., AT —VOERESZ 50 pm, (E1E#E
B 5 ETTH S LIS HFHOATF—Y% 05 pm 3
ORI FM~ED, FREHESD 10 um & 78 b F THE
@ﬂbﬁoff/ﬁ@bf:. ZORERES T Tum Th
ST, XAV =KD ER L D R R ICE, &l
Al g D4 A 77— RK&Z100um DIEX L7825

HIZEE L T IALFEEZN W, ¥4 07
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Table 1 ~ The several texturing scales of line width, space
width, and space depth prepared by EB, UVD and D method.

Name Scale (um) | Line width | Space width | Space depth
EB(Electron Beam) 1 1 0.3
UVD(Ultra-Vibration Digging) 9 9 7

D (Dicing ), 14 44 110

D (Dicing ),, 24 44 110
I(Interstice)1 5 600
I(Interstice)2 2.5 600

Line width L,
Space depth D, pm
Space width S, pm
Fig. 1  The schematic image of line width, space width

and space depth of micro-texturing on silicon wafer.

. REA 2 EE LG AL X 138200 T
WHILIZA_VF = F I LV HEIE NS . ESEM (33
EEHNDT ¥ U NHICKEREZEAL TS, &
BEEZHINMLIZ7 0 7 A b H SNz —RE
FRRBA RS L _KREFERD. 2O K
BB T ¥ U ANNITEAN SN TR FICE\E 5 2
ETCEIFERICLIETFHENEZD, miigick
WTCHEBRT DA TH D, wHIS R EE
DBIERFOBEZEE ) %, WHEBIERE DK 200 Pa 22 5
800 Pa & TR~ IZ LR W5 &, By Fmic T

Vacuum chamber
Primary electron

% Water droplet
Electron detector
— .
Holder ——»| Specimen
P}ltier element
rd

[<—Cooling

% L'l,:'_:::“_‘_";‘;';‘_"_:'_::ﬂ oo
mCOOIing water circuit m

The schematic image of ESEM chamber inside.

Fig. 2
Specimen was set on the Cu alloy holder which has 15 degree
angle from vertical axis. The holder was cooled by peltier
element which surface reached to -20 ‘C was cooled by

circulation water.

FIAREICEE Lo KRR EE L, B &m k-
WCREBRRAETD. ZORBBEIRETLI2HELD b
WL KIZEAT D X 9 ICJES) RS E 2 E T
L, BlgxiTo72.

3. ZRBRER

3.1 ZEMASRUBKME - FokMEROEFTHER
mR

BUKME R ONT - KM FE R FIEIC RIET 8%
BASNCT 57728, U a KR osEm Al (Ra: 1 nm)
N OV A (Ra: 1 pm) (ZEAKME & ONE - AKMEA i L
S BICOWTBIE AT, SIS BUKMELEE %
i L7=fE % Fig. 3(a)~(d)IZ/”d. RBHEIZHENRAE
LG ((a)~(b)), ZOHRERHIZKDEIZL Y Bbiu

Fig. 3

hydrophilic treatment silicon wafer (smooth surface with

The frosting process SEM observation of

Ra: 1 nm) (a) at the very beginning of frost generation,
(b) frosting started, (c) the frost covered surface, and (d)

frost layer covered the whole surface.

Fig. 4

hydrophobic treatment silicon wafer (smooth surface with

The frosting process SEM observation of

Ra: 1 nm) (a) at the very beginning of frost generation,
(b) frosting started, (c) the frost covered surface, and (d)

frost layer covered the whole surface.
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Fig. 5
hydrophilic treatment silicon wafer (rough surface with

The frosting process SEM observation of
Ra: 1 um) (a) at the very beginning of frost generation, (b)

frosting growing, (c) the frost conflicted each other, and

(d) each frost combined together.
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Fig. 6

hydrophobic treatment silicon wafer (rough surface with

The frosting process SEM observation of

Ra: 1 um) (a) at the very beginning of frost generation, (b)
frosting growing, (c) the frost enlarged respectively, and
(d) each frost combined together.
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Fig. 7
hydrophilic treatment lotus leaf (a) without any frost on

The frosting process SEM observation of

the surface at the very beginning, (b) frosting started
between the asperities, (c) the frost covered asperities and
(d) flat frost was built on the asperities. The arrow shows

the same position.
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Fig. 8

hydrophobic treatment lotus leaf (a) without any frost on

The frosting process SEM observation of

the surface at the very beginning, (b) frosting started on
the asperities, (c¢) the frost did not stack between asperities
and (d) dot frost was built on the asperities. The arrow
shows the same position.
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Fig. 9
hydrophobic treatment EB pattern (a) without any frost

The frosting process SEM observation of

on the surface at the very beginning and (b) frosting
started.

Fig. 10
hydrophobic treatment UVD method (a) without any

The frosting process SEM observation of

frost on the surface at the very beginning, (b) frosting
started on between lines, (c) the frost enlarged over

spaces and (d) frost covered over spaces.
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Fig. 11 The frosting process SEM observation of
hydrophobic treatment D method (a) some frost on the

surface at the beginning and (b) grown frost.
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Fig. 12 The frostiﬁg process SEM obsératidn of
hydrophobic treatment I method of 5 um space (a) some
frost on the surface at the beginning, (b) grown frost,
(c) the tip of frost as shown by arrow 1 grew across the

space and (d) the enlargement of (c).
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The frosting process SEM observation of

hydrophobic treatment I method of 2.5 um space (a) some
frost on the surface at the beginning, (b) grown frost,

(c) the tip of frost grew across the space and (d) .
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Fig. 14  The optimum line and space width of micro-

texturing to prevent frost growing into space area.
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Measurements and Theoretical Considerations of Thermal Environments in a Closed
Underground Mine

Kanemitsu Kawabe** and Keigo Chida***

Abstract

This study presents the analytical findings of our long-term measurements for the environmental thermal properties of the

Hyakumeishi level in a closed Arakawa mine. The results are summarized below.

Records monitoring the airflow’s temperature and absolute humidity revealed a periodic nature of the variations. Such

seasonal changes had an approximate cycle length of six months and can be modeled by a harmonic vibration equation. The dew

condensation observed at the rock surface can be explained by the calculation results based on the measured values. The

constraints of equation (6) are practically negligible at a Hyakumeishi level, which was apparent from the induction of the

proposed theoretical formula. The seasonal thermal variations of the environment and the dew generation mechanism can be

attributed to heat balance in the entire mining area.

data to the case of variously utilized underground spaces.

1. [FLHIC
BT, HUFELILYGE, TGS, T R xr
72 O A BUEYE, ITEMER, 2 B0k
ELTHEAT B EATHEDO =5 L
M TR OE I H 7= - Tix, ZERNOKTTOIR

R L2 EOBREEFE DN EE L 2 5.

— R, HUFZERIN O BERBERFEIL, AR D HE
[A~E D E TORIN & 22 JE B 0 = R O BAAL #i |2
koTiEEn, B oRIIANRT DI 2EL D
FHIEE) &, 22N OSSR RET OTRBLIRE 2 LT &
OB AT AW, Fm, ZEREINICIEESIIC L - T
FEEENFAEL, RFESCIRM OB REARESE S
TENERMENTWAEY. Lo T, #TFZEMo
ERICH Tz > TiE, BEREICET2REH O L,
Z OFAFE R I T 5 E &R S L OARD S
PERA~ED £ TORIE L SR OBAZHD A T =X
DZOWTHINT2HLERNH D, HBE, b

2016 47 A 20 H 3 H

K K K B [ B VR A S R R DR M ER R S o — %
Dept.of Earth Resource Engineering and Environmental
Science, Graduate School of International Resource Sciences,
Akita University.

K KR B ] B R A SR B R B S T
Mineral Industry Museum, Graduate School of International
Resource Science, Akita University.

Finally, the primary results of this study are considered to be fundamental
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Fig.3 Variation of airflow’s temperature and humidity on a psychrometric chart.
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Hydrogen and Oxygen Isotopic Ratios of Precipitation at Noboribetsu, Hokkaido

Hiroshi Kawaraya', Tsutomu Abiko™ , Osamu Matsubaya

Abstract

At Noboribetsu, Hokkido, hydrogen and oxygen isotopic ratios (8D and 8'30) of precipitation collected in about one
month interval were measured from 1979 to 1983. Although the measurement is rather old, it is useful to explain the
isotopic characteristics of precipitation in the southern coast area of Hokkaido. 8D, 8'%0 and d value (d=6D—85'%0) of
annual mean precipitation at Noboribetsu are -60%o, -8.9%o and 11, respectively. The relationships of 8D and 3'%0 show
obvious difference between winter season and spring to fall season, and the d value is 21 in the winter season and higher
than the value of 9 in the spring to fall season, as like as the characteristics observed at Akita, Ryori and Rokkasho in the
northern Honshu. The relationship in the spring to fall season is similar to those at Akita, Ryori and Rokkasho, and this
implies that the Noboribetsu precipitation in the spring to fall season may be brought by the process similar to those in the
above three localities. On the contrary, the relationship in the winter season is different from those of above three localities
implying some difference in precipitation process. However, the d value of annual mean precipitation at Noboribetsu is
the same as Ryori located at the Pacific Ocean coast of northern Honshu, because the precipitation amount in the winter
season is fairly smaller than that in the spring to fall season at Noboribetsu as like as Ryori. The isotopic ratios of small
revers in the Noboribetsu area are similar to those of several small rivers at the southern coast of Hokkaido, and this

implies that the isotopic ratios of precipitation at the southern coast of Hokkaido have characteristics similar to those at

31

Noboribetsu.

1. [XL®HIC
Kk Dk L iRFEOLERMARL (DHE, *0/'°0)
TR ERRME LD TRICB N THE IRE#RE LT
FHEND. £z, KLFOZEHTHZNLFEAEK
el HE FRSCTRINK D EEJRC5 B 2 fRB 3 5 72 D

2016 42 7 J§ 23 AP
sk B RSP E [ B i - e
Graduated School of International Resource Sciences,
Akita University
sotk 0 3B I TR PR LR
Formerly, Division of Applied Chemistry, Muroran Institute
Technology
stk K R 740 F 0%

Professor Emeritus of Akita University

HH7eWe ik L 70D, HARDREKDIKSE « BEEF
RISV T, Matsubaya and Kawaraya(2014)"
WX AHBICHBIT S 23 FRIOBLAG R, £
Hasegawa et al.(2014)21Z & 2 HE LA 7 FTic BT 5
10 £ OBREROBE N D 5. £, ATR, #
BB W TEEER - /I IAEA)IC L 2 BEHIM O
BN THOITWD. FOMIT S HHIED(2006)Y
2 X D HEEOREAKIZOWT, FANEN2008) Vo HE
IFDOREKIZON T ENR D OFERREINTND.
F72, H EIE302013) L 5 A AL H o Bl E RS R4
F LD ERDD. )7, BAROHTARLHIIK
DK « BB ENTIRIIZ DWW IS & 7 B I ORFSE



32 NS - 230 T8 - At

OHTEL ODRERMERRE SN TND Bz,
MGy 7e#i s & L C, Mizota and Kusakabe (1994)
©). HFARLTADRREARIE, FBARDIEAK
TR FHEE A RTOLIIR R, ZOEA1FE
ZELTZE—ETH Y, (HIOREKDOFFEMME (-
MR K OME) EHET 5. Bk TICREL,
HFKERY, W)IA~FEHT 58 TR A
(LT DB OWTHEFEEARALR SN L RSN
TV WlzIE, RIES IEA2014)7). LavL,
D7a < & BRI DOBFFEIZ B TR DA
SEYEN L DR R & 70D Z L3N TH D, &2
B, BK O IR A K & 72 25 )
NROND. Bl 20X, FKHE O%E, KERNAKL (D)
1T 12%0, BEEFNLAELE (3'°0) T 1.5%, E7-A%
AT CIIKRFENREEIE 14%0, BRFEFINLIALLIT 1.8%0
OFIFHCEEN T 5. FKHE N7 FTORRE RS &,
L A 5 AERBREICOWTER T L 2D L9
IREBMNMETHT B S, L BYIROTEE L 5E
PLLTEREHND. LER-T, HFASRH K
LT AGE, Dl b b S ERTEE O FEHE R
WL D., LZAN, AFETOREINTWVSH
AROBEKOFETIIMEIL 1 720 L 2 FEM OB W o
HONEL, K RUMOBRHNEEND.
BRNTIRR E LTHARGTTHY, ZORRIE
FOFEDO B & L TH SEMIZHTZ 0 KO
T, KFHE - BBRNMAELSHE SN, L
Do T, FORERITZ ORI ORI A DRI O
SEHREVMEE R T E B 2 HvS. B RIT
RO UEIOLEDTHDHN, ELD X 1T, HITAM
A D B AR FECALE T A RKH & RN AL
B9 2 7N 2 P CREZK O [RINL A He o0 5 H R O BLIS 5
DA S, T D ORERE SR & BB OB R A
g% Z Lz kv, AeiE T EORBK ORI
DORFEDH OGN D Z ERMFE IS, R, &
BINVEAIN AL O AR e & AL BEE O R FHER
FED WERAIEE T RKESAVIAALE L Z
HIAE (K1 28) +507T, HAMENFEOKE
ERTEIRFED R 7 IO E LT ED L 9 7o 7
BB L0 EEH HETHD. 20X ) Rl
MNB, AR SCTITBRROBEK DR AR 2 i L,
FHE, RNrpria b NSy FTORBEICALE T RO
K DRINIIREE & i3, X512, BRIHEER D /)
P & BEARDIFNLAR Z e L, WF ORIZ R 54
% BMR N EHRE  F O OHIK TH R 5N D b0 &

L CABimE i 7 O BAK D RN L ORI A HEET 5.

2. BKOFEES & URIELIRLL IR X

BRI, X 12T X DI AbHEE ORS EECALE T
% . BEK OEREUT 1979 455 A 225 1983 4 11 H O
MIIEE 1 » A OBKE £ & TRIUT 5 HET
Tz, LinL, BKEDZOVEHIIZS HIZEWN
RN TRILL 720, BEKEDD 72 WKFIZIE 2
r ABHDNIE BICERMOMKEZ £ & O THRIL
2. BAKOBREUIARY =F L o fln— K Tfrbh,
12— kDA B = — VE TREVADEE T <
I OB L, BRESNTBAKDRIEZ < HiEE
Wiz, BEOHEIL, BEL2ERED, BHXSE
[ZAI, EBENTENT HEZ V.

KOKFE EBBRFEORNMRLNE, HSHETETED
N7z H,, & 5L CO, —H,0 [FNAZHETHE LR
72 COL IZDWW T, RN L VR &4 HT 3 (MAT —250)
THIE L7z, IE SRR Y,  EIBRAOREHEK
T HIEUELEEK (SMOW) & Ebifis U 7= BF D [FINL
KEEDFEZ T4 (%) THL, WX TRT I I
8D ¥£7-1% 6"%0 THT.

8= (Rsa/Rsmow—1) x 10°

ZZT8IESD £7-1%8"%0, RIZDMH E£721% "0/
R L, SA ITREIZEW®T 5. HEOHKEIX, 1
IE, 8D T+1%0, 6'°0 TH0.1%Th 5. £7-, Kih
TIE, KOFNARLEORHEZ RS 1 DOEFEE LT
dfizHnWs. o dfEizkTRkobns.

d=38D — 850

135E 140E 145E

45N

Noboribetsu ¢ Hokkaido

40N

Fig. 1 Localities of Noboribetsu and other places discussed
in the text. 1.Hiroo; 2.Horoman; 3.Biratori; 4.Yakumo;
5.0hfune: 6.Yoshioka: 7.Raiden coast.
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WE Stk - EREREAEL (3D, §"%0) X%
LISRT8Y ThDH. FAkD SD & §"°0 ORfRIco
T, Matsubaya and Kawaraya(2014)(l)iiﬂ( H D REK
IZOWTIAND 2 AETOLAEDORAKE 4AND
9 A E TORFNLKEE TOREKOBITH &7
EWRHDHZ EAETEML, AiE 24K, #EE
BRI EFLIZ, £72, 3 AL 10 Aid—Fn bt
FF~OBATHI AL L BRI T OREKBED Z &
UGN Lz, BBIOMHAKD D & §"°0 ORtR%E
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Craig(196 )V R L72HE 8 DEMTET L, X 2
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Table 1 8D, 8'"0 and d value of precipitation at Noboribetsu.
The collection interval is from the last date to the current
date. The collection of No.1 started on May 24, 1979. ppt
is amount of precipitation(mm).

No. Date ppt 8D %o d
1 1979 6.24 110 -84 -11.4 7
2 7.10 150 -108 -143 6
3 8.07 160 -66 5.0 6
4 9.08 200 -65 -39 6
5 10.05 200 -64 54 11
6 11.05 180 -T2 -10.6 13
7 12.06 130 -53 -89 18
8 1980 112 290 -47 5.0 25
9 214 70 -76 -12.1 21

10 3.14 110 -30 -12.3 18
11 4.18 90 -59 -85 9
12 5.20 130 -73 -11.0 15
13 6.30 200 -79 -10.7 7
14 5.01 150 -59 3.2 7
15 9.16 650 -47 -1.0 9
16 10.30 200 -7l -10.8 15
17 12.01 200 -53 9.1 20
18 1981 131 130 -87 -13.7 23
19 317 200 -1 -111 18
20 412 200 -82 -11.6 11
21 7.01 480 -66 92 8
22 8.06 520 -438 6.9 7
23 812 200 -47 6.9 7
24 822 150 -47 -6.8 7
25 823 200 -57 8.1 8
26 5.04 200 -3 -12.6 8
27 9.18 160 -45 -6.8 9
28 10.24 180 -55 -8.7 15
29 1127 200 -67 -11.1 22
30 1982 423 200 -61 98 17
31 5.01 200 -61 99 18
32 6.11 190 -66 92 8
33 717 200 -32 4.9 7
34 8.20 200 -33 -4.8 5
35 830 200 -45 6.4 6
36 10.21 200 -52 -1.7 10
37 12.18 200 -75 -11.7 19
38 1983 222 180 -86 -133 20
39 5.08 200 -61 -8.7 9
40 6.07 150 -64 -89 7
41 6.20 200 -79 -113 11
42 823 520 - 9.7 7
43 913 490 -52 -14 7
44 9.26 130 -58 3.8 12
45 10.09 130 -49 -19 14
46 11.23 160 -49 -5.4 18

NENIONCER LR ERT. 202 50OHEM
RO d i, £ZFDH01% 20 THKHEOMHE, 25 &
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11 A2 B 2 AORAKELM, 4 AN 9 HDOREKE
BERL LTERZEND D, 80 BL O d jEDFHy
EZERDDER2ITRTHY THD. K2ITRIN
72 H B X O E O fE X Matsubaya and
Kawaraya(2014) 22505l TH Y, £7125 7 Frofi
I% Hasegawa et. al.(2014)?|\ZR SN2 IERE E D
RSN DOTH S, HAREKIZONTRDS &,
BRNLFERARL S d S A 3 L UUS 7 B & 1ZIETF
UC, RNAREAER L0 & TRV, FKm & fER
DFEZHOUVNT, Matsubaya and Kawaraya(2014) V132
B RE K CURRIRLAR 73 B DS AR 2> & B P8 7 1A
1TL, BKHEDIZ D NEOEITORRE N FEERNITHEA
TWAHZELIZRD EFHH LTS, 20OF XKD
&, BB & 2R SR K D K & RIRR
FEICHEHIALE L TR Y, [FNARS R OETIZE D
FNLAREDER LD RN ERBZ LN, Lo
L, Matsubaya and Kawaraya(2014)™"| 3[R f B &
VERE HAROFEK L [k & ORI IR O 2% KD
BRI T T 2 ARG RO RKEEOR EIRE
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Fig. 2 Relationships between 8D and 80 of Noboribetsu
precipitation grouped into the winter season(November to
February), the spring to fall season(April to September) and
the transition periods(March, October). The d values are D
—858'%0, if 8D and '80 of each groups are fitted by a
linear relation of slope 8, respectively.
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Table 2 Mean values of 3D, 8'°0 and d value of precipitation at Noboribetsu as well as Akita, Ryori and Rokkasho on the average
annual, in the winter season(November to February) and in the spring to fall season(April to September), respectively.

£RiA & FE R g 8 wis? £RBI £RR
5§D &0 d 5D 540 d D &t d (%)

%) -60 -89 1 65 -10.7 21 57 82 9 33 1979-1983

e -54 86 15 49 92 25 -58 83 9 58 1981-2004

Fr Y 57 90 15 55 -10.0 25 57 84 10 55 2000-2011

BEY 54 81 1 53 27 17 53 79 10 2 1979-2005* %

1)Ratio of precipitation amount between the winter season and the spring to fall season, 2)After Matsubaya and
Kawaraya(2014)", 3)Calculation based on data by Hasegawa et al.(2014). 4)no observation from 1986 to 1997.
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Fig. 3 Comparison of 8D and §'30 of precipitation with those
of groundwater and water of small river at Noboribetsu,
Akita and Rokkasho. The data of groundwater and river
water are quoted from; Noboribetsu, Matsubaya et
al.(1978)®; Akita, Matsubaya and Kawaraya(2014)7;
Rokkasho, Ioka et al.(2013)1?.
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Fig. 4 8D and 3'%0 of water of small river and groundwater
at Noboribetsu and several localities at the southern
coast of Hokkaido as well as at Raiden Coast of western
coast. Attached numbers correspond with those in Fig. 1.
Data of Noboribetsu and Nos.4,5 and 7; after Matsubaya
etal. (1978)“.
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A Study on Tuning PI Parameters Based on Communication Delay Time
for Small DC Motor Control System through IP Network

Kenshi Matsuo**, Ryo Sato**, Motohiro Kamioka**,
Takeshi Miura** and Katsubumi Tajima***

Abstract

In tuning PI controller for a DC motor control system through IP network, it is needed to know dead time in

the system, although delay time is fluctuated. In this work, we study an approximate value of dead time when

controlling through networks varying under exponential and log-normal distributions. As a result, it has been found

that the first quartile can be approximately expressed as the dead time in cases that standard deviation is small.
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Fig. 1 A sketch diagram of a speed control system

of a small DC motor through IP network.
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Table 1 Distributions of One-way Delay Time . -
120 f The first quartile ~ +
Standard Dead time X
Distribution Mean [ms] L 100 ¢ * x *
deviation [ms] el * ES ¥
, 25 5 S el
Exponential 50 10 £ « “
I *
Log-normal 0 * L
100 15 20 [ F x * % +

Table 2 Used PI Parameters

Mean [ms] K, K;
25 0.0090 0.060
50 0.0060 0.030
100 0.0040 0.020
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Fig. 2 Experimental result
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