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Development of the Gravity Compensation System with Automatic
Adjustment of Counterweight Position

Koichi IMAOKA, Soki ITO, Takafumi URAIKE, Shunsuke HAYASHI
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Abstract

Carrying of heavy vegetables in agriculture and heavy items in factories is a one of the major
burdens for workers. Various lift assist devices have been developed to solve this problem. However,
existing lift assist devices require time to measure the payload weight before transporting it, and to
adjust the mechanism to match the weight.

In order to reduce the adjustment time as much as possible, we conducted a basic study by using
counterweight type gravity compensation mechanism in this report. We developed a technology that
can compensate for any weight by control of the counterweight position automatically without
measuring the weight and adjusting the mechanism manually. From numerical simulations and
evaluation experiments of operation feeling, it was confirmed that the counterweight and the payload
are balanced and the payload can be lifted easily. In addition, the counterweight type gravity
compensation mechanism has the problem that the counterweight part becomes larger in proportion to
the increase in the load capacity. As a solution to this problem, we propose an improvement by
combining it with a spring type gravity compensation mechanism.

KEY-WORDS : Gravity Compensation Mechanism, Self-weight Compensation, Counterweight, Labor-
Saving
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Development of Technique for Yezo Sika Deer Detection in
Time-lapse Camera Images using Deep Learning

Shouichi KONDOU, Keiki ZEN, Reo FUJISAWA, Takeshi HORI
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Abstract

In Hokkaido, since Yezo sika deer have caused damage to agriculture and forestry, traffic accidents,
and other problems, management of their population by capture has been implemented. The use of
enclosure traps is attracting attention because they are safer than firearms and can capture live
animals. For effective capture, it is important to set traps in places where Yezo sika deer often appear.
When selecting a location, 1t is effective to install an automatic camera at the potential capture site
for a certain period of time and use the information on the appearance of Yezo sika deer obtained
from the captured images. However, there is a problem that it takes time and effort to check the
1mages.

In this study, we developed a technology for detecting Yezo sika deer using object detection
technology based on deep learning in order to automate the confirmation process of images taken by
automatic cameras. In addition, the effectiveness of the developed method was confirmed by applying

1t to images taken in a pasture.

KEY-WORDS : Yezo sika deer, Deep Learning, Object Recognition, Image analysis
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Development of Technique for Tree Canopy Area Estimation using
Deep Learning for Forest Aerial Images

Shouichi KONDOU, Keiki ZEN, Reo FUJISAWA, Takeshi HORI
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Abstract

At present, many of the trees in the plantation forests in Hokkaido have reached an age suitable for
use, and 1t is important to efficiently carry out work related to logging and forest growth. When
conducting logging and management, forest managers conduct resource surveys to understand how
many trees are available in the forests they manage. In resource surveys, measurements are taken of
tree height, diameter at breast height (the diameter of a standing tree at the height of a person's
chest), and timber volume (the volume of the trunk). This is very hard work in a forest where plants
other than trees grow thickly and there are slopes. In recent years, the method of estimating the
amount of resources from aerial images taken by UAVs has been attracting attention, but it has been
considered difficult to automate because it requires advanced data analysis work by skilled personnel.

In this study, we developed a method for estimating the location and canopy area of each standing
tree from aerial images in order to automate these data analysis tasks and realize labor-saving
estimation of forest resources.

KEY-WORDS : Forest Resources Survey, UAV, Deep Learning, Object Recognition, Image Analysis
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Estimation of Agricultural Work Type using
Tractor Location Histories
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Abstract

Agricultural work records are useful for improving farm planning and knowledge transfer. However,
it 1s a heavy burden to manually record detailed agricultural work information, and labor-saving or
automation of the recording process is required. In this study, we investigated the automation of the
recording of agricultural work information for upland farming. We developed a technique to estimate
the type of work machine connected to a tractor, which is important as the agricultural work
information, by analyzing the tractor location data and the field data using machine learning. We also
prototyped a system that can stably acquire the tractor location data and check the recorded

agricultural work information on the web.

KEY-WORDS : Machine learning, Location history, Agricultural work
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Abstract

Due to the decrease in the working-age population caused by the declining birthrate and aging
population, utilization of the abilities of elder workers is becoming more important. However, there are
concerns about the increasing risk of industrial accidents by the decline in physical and mental
functions associated with aging. In addition, there are cases for workers to engage in unfamiliar work
due to the shortage of labor, and employees are required the appropriate managment to avoid unsafe
work. In order to understand the musculoskeletal burden caused by working posture, which is an
important factor for safety, we developed methods for measuring and analyzing posture using inertial
measurement unit (IMU) and video images, which can be easily operated at work sites.

KEY-WORDS : Declining birthrate and Aging population, Safety management, Working postures
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Characterization of Nanofibers Prepared from Biomass Resources
in Hokkaido
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Abstract

Biomass nanofiber (BNTF), which is obtained by nanofibrillating biomass-derived cellulose and chitin,
1s a new material that is attracting a great deal of attention as a post carbon fiber. There are
abundant cellulose resources (wood, agricultural residues, food processing residues, etc.) and chitin
resources (crab shells, shrimp shells, etc.) as raw materials of nanofiber in Hokkaido, and high value-
added industrial use 1s expected. However, there are few examples of nanofibrillation of various
biomass resources in Hokkakido and systematic evaluation of characteristics about all of their
nanofiber at the same time.

In this research, it focused on various raw materials in Hokkaido (sakhalin fir chip, beet pulp,
potato pulp, snow crab shell, bule king crab shell). We made nanofibers by wet method and dry
method and evaluated their characteristics (viscosity characteristics, mechanical characteristics,
reinforcement of resins). As a result of various characteristic evaluations, the dependence on raw
materials was confirmed, and it was suggested that the raw materials are suitable depending on the
required characteristics of the intended application.

KEY-WORDS : Cellulose nanofiber, Chitin nanofiber, Biomass in Hokkaido
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Simulation-assisted Design of Humidity Control Materials
for Long-term Preservation of Perishable Vegetables

Takeshi MORI, Tatsuhiro SHIGYO, Takafumi NOMURA, Chiemi IBA*
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Abstract

Humidity control materials (HCMs) are mainly used as indoor wall tiles in houses, due to their
performance stabilizing indoor humidity at the ideal level for humans. HCMs can also be used in
various application such as preservation of perishable foods, art works and electronic devices. Since the
ideal humidity level depends on the type of the target to be preserved, properties of the materials
(porosity) and utilization condition (amount, shape, location) should be optimized in each case to
realize the ideal humidity. This optimization is a time-consuming process thus challenging since
numerous parameters should be considered and optimized. In this work, we propose a simulation-
assisted approach for effective optimization of the parameters through the analytical method known as
“simultaneous heat and mass transfer analysis”. We focused on preservation of cantaloupes in a
packaging system, which 1s one of emerging applications of HCMs. HCMs which can maintain relative
humidity to a high level suitable for cantaloupes were successfully designed.

KEY-WORDS : modified-atmosphere packaging, humidity control material, simulation, transport
phenomena
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Abstract

Die-casting is the precision casting method suitable for the mass productions such as aluminum
parts having high dimensional accuracy, and many aluminum die-casting parts for automotive are
produced in Hokkaido. However, Die-casting factories in Hokkaido are burdened with transportation
cost and time loss of the repaired die, because most of die-casting molds are producted and repaired
the outside of Hokkaido.

In this study, we developed laser local heat treatment technology, that are used for only the welding
repaired part, to improve the durability of welding repaired mold. Laser irradiation are used for
welding repaired material, and discovered the condition to revive the hardness of heat affected zone by
welding, to the same level of base material. Laser irradiation are used for the part of irregularities
shape, and discovered the necessity to adjust the laser power, such as, increased to concave region and
decreased to convex region. Number of shots are compared, between the mold applied laser local heat
treatment and only for welding repaired, and increased the number of shots about 60%

KEY-WORDS : Die-casting Mold, Heat Check, Laser Heat Treatment, Heat Affected Zone, Shape of
Die, Life Extension
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Research on Hydrogen Embrittlement and Liquid Metal
Embrittlement of Hot-dip Galvanized Products

Takashi SAKAMURA, Yoshio NAKAJIMA, Kiyoshi IINO,

Yasuki MIYAKOSHI, Takayuki SAITOU, Koji ITABASHI, Suzue YONEDA*
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Abstract

Hot-dip galvanized products are easy of hydrogen embrittlement and liquid metal embrittlement due
to the manufacturing process. It is difficult to distinguish both phenomena, to be accompanied by
grain boundary fracture of steel. In this study, a fracture surface observation was investigated a
possibility of discriminating hydrogen embrittlement and liquid metal embrittlement. As a result, it
was suggested that hydrogen embrittlement on mild steel may be resulted in fracture accompanied by
plastic deformation near the grain boundaries when the degree of embrittlement is small. On the other
hand, it was found that cleavage was exhibited when the degree of embrittlement was large. In the
liquid metal embrittlement test using hot-dip galvanized and solder-plated pure iron wire, typical grain
boundary fracture was observed from a fracture surface observation, and a liquid metal component
was detected. From these results, the fracture surface observation was obtained the knowledge that the
two embrittlements can be discriminated.

KEY-WORDS : Hot-dip Galvanized Products, Hydrogen Embrittlement, Liquid Metal Embrittlement
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Development of Coating Method for Steel against Erosion
in Molten Zinc
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Abstract

In the hot-dip galvanizing industry, damage to steel jigs that come into contact with hot-dip zinc,
such as thermocouple protection tubes, has become a problem. Therefore, there is a demand for an
mnexpensive coating method having excellent erosion resistance for coating steel jigs. In this study, a
coating method with an iron-aluminum alloy was developed. Aluminum-containing cast iron, referred
as “aluminum cast iron”, of various concentrations by adding aluminum alloy AC4C to gray cast iron
were prepared. It was found that a simple and inexpensive coating is possible by immersing a steel
material in aluminum-containing cast iron. As the result, the coating sample made of aluminum cast
iron of 18 wt% aluminum was able to give the thickest coating film. Furthermore, the alloy with 18
wt% aluminum showed excellent melting resistance up to 24 hours in a melting damage acceleration
test in which the zinc melt was stirred at 41.2mm/sec.

KEY-WORDS : the molten galvanizing, thermocouple protector tube, Iron-aluminum alloy, coating way
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Development of Utilization Technology for
Press Forming Simulation
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Abstract

For establishing a highly difficult press working technology, efforts are underway to reduce the cost
and time required for dies and forming tests and to improve efficiency by utilizing press forming
simulation. However, in press forming simulation, parameter setting is important to reproduce press
forming with high accuracy, and these are know-how.

In this research, for the purpose of establishing the optimum parameter determination method for
press forming simulation, the optimum parameter value search is performed based on the comparison
of the actual machined product, the simulation result and the multivariate analysis. As a result, the
simulation result with high efficiency and high accuracy is obtained.

KEY-WORDS : Press forming simulation, Deep drawing, Multivariate analysis
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Porosity and Mechanical Properties in
Additive Manufacturing of Bronze

Hayato SUZUKI, Atsuya TOBA

w8

A, fHnElE (Additive manufacturing: AM, 3D7 Y v b)) EfffoFEICk D, R T HETldE
DR Td - MR OB FDBUERTRE & 78 - 7o, SEMBIOEIZICE, FiT L — 3 — B RIKAERMS &
(Laser beam-powder bet fusion; LB-PBF) »HW oM 2, &S D, #E4DOLB-PBFIC X 2 iEFHifins
AHs N, ERATHERFESITONTO 0, MEFIZDE O, BT, L — 3 =R KW R R 200
W LI N DK T E TEIE 21T - o378 <, Tk TOA00W LI EoMEE &6 U & 5 I EHBE &y % 8l
ERIRETH 2D IERHNTH 5, T I TARMIETIE, HAHTI200W OEH /1 LB-PBF#E LW T, HikART
BIE ATV, L — % — B & EREOBIREEBIE L 2, 510, ZEEDFS 2L 2/FEH L, HikR
AMIEIE B F 5 ZEBRER M E I 5.2 25282 et L7,

F—0— N INEGE, v - BORIRE RS Gk, HE, ZERER, BEEEE

Abstract

In recent years, additional manufacturing technology has been developed, and it has become possible
to manufacture products with complicated shapes, which was difficult with conventional processing
methods. Laser beam-powder bet fusion (LB-PBF) is mainly used for metal materials. Copper alloy
have been used in various industrial applications for their unique properties. However, there are few
reports of using copper alloys in LB-PBF. In particular, there are no reports using copper alloy, which
1s low laser absorption, with a low-power LB-PBF device of 200 W or less. It is necessary to examine
that the low-power device manufacture a high-density bulk body like a general 400 W device. In this
study, the porosity under each laser condition was investigated in order to product the high-density
bulk sample using the low-power LB-PBF of bronze. In addition, tensile tests were conducted on
specimens with different porosities to investigate the effect of porosity on mechanical properties in
bronze AM sample.

KEY-WORDS : Additive manufacturing, Laser beam-Powder bed fusion, Bronze, Porosity, Mechanical

property
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Effect of Laser Irradiation Conditions to Surface Roughness
of Metallic AM Products.
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Abstract

In metal AM technology, there are many reports on the effects of manufacturing conditions on the
porosity, mechanical properties, and dimensional accuracy of products. However, there are few reports
on the surface roughness of metal AM products. This study investigated the effect of laser irradiation
conditions on the surface roughness of metal AM products in laser beam-powder bed fusion (LB-PBF).
Specimens with different laser diameters, scanning speeds, scanning pitch, scanning path offsets, and
scanning path strategies were prepared and measured the external dimensions and surface roughness.
As a result of the external dimension measurement, the empirical formula for estimating the heat
effect range due to laser irradiation was clarified. As a result of the surface roughness measurement,
1t was found that the surface roughness was affected by the thermal influence width of the laser and
the outline scanning path. The average roughness of the product was 10 um or less by adjusting the
laser scan conditions and the outline scanning path.

KEY-WORDS : Metal 3 D-Printing, Maraging Steel, Surface Roughness, Conditions of Laser
Irradiation, Outline Path

1. FL®HIC ZNS KD, Moz xvF—EETL - -RdTSL
T, BFICHMEIERR L, SERROER & BLETEM & O

4@ AM (Additive Manufacturing) S O—>Tdh % WaiTo, 0L EDORBIIERTIEOPLEIM O 1E
MARIKIRRLS & (Powder Bed Fusion, PIT [PBF] & L= — T K 5 ABEITIKE S 5700, NERRBaD /D12

W) E, @EMAREAHICHEGED o Bl L — =i W EITSE ST A BIET 51213, SRR O L — 9 — R4
& B\ G EFHR AR RS L <A o Wi Ik 2 va Rl St A SRR ORE I &b TEUNSHIE 2 24203
{tL, ThEfAERDE T ETETIEKEZEEST Z2MTETH bbb, BLTH, InFTIIWL 2L OEE AR
B0, L—HF—NKEMNEPBFEE TR, L—F—HE£XRE WA NG L, PBFEFICE T % L — & — BEEM

Y R EE R &
AR RS B o s P - RS T D B £ TG 2> U 72 CO2 AERUSUR A SR D Bolikatic B9~ 2 190 (H30~)



A AR AU TSRS No320

LGP D S EALRE P R II T & OBIfRIc > W THIR 2
7239,

Thrbo&EAMIGHERE LT, #iZEFiibEs T
B BB ENoRHP RN TV 39, HiEFE
TR OB D ITRD SN AREREE L TR, H—icitE
{ERBF SN B0, REEHRS T EMPHESNHEH5TIRE
T D LR 23 B B2 PR R & 73 2 ATREME Y S W

LEAMEEICB Y 5 L —F - RIS ETEY O 4 E
KRR, BB R F T R BT ARG I K RS
Nzn, @E AMIEIEY O T R B4 5 0F
MG EmD T, @E AMERY O KB S B
LT3, BEEEEEORM, OMmIIcEERE L liE" e N
HRE S DR E OWALICEH LEIRERY B R O NS DD,
EIEY O A B FE R I B U C IR oS BRI B < i
Pz s 5N,

KT, LBAMEE (PBF) T8I L 72kl o~Fik
LR S OFHAEERE2 S, L — ¥ —BING&IEASE AM
EIEYIOERGEE, REHEANRIT T BT > WA L
DTHET 5,

2. ERAMEREICHEIFEIREMIER S H=X L

AWEORIHRE LT, v—+—kick 2 PBF&EFkcE
1 2 ST EEIE & 2 OREH ST A 7 =X £ DFEZT]
IO WTHES T %,

L =¥ —3kic &k 3 PBFEZE T, ©EEE & ICHER
HIEIRE Ny F v 7EBTEHED DR T LT L - L%l
WU 7ctk, WK O el (il -> THsE L — v — L2 IR L
TI@HOEEEK TS 5, Ny F v rERE, L—F—%
KR EEFOERMEEEE L, EQIROP T D IEY X
S —HF—NERBHT 2507, HLEBOSEHBELTHK
AR HERE L W o e RICHVW SN B, EH, Ny T
v IEROBMBMIEE cHik s h o, WERIRO/E I,
L= =D B VIEN y F v EBEBIENCHE - 7B

!b—ﬁ—%
5

ABEZTONS

-

BETABR @b aEE
M1 SEEXEEIERAH=XLOERK

ZEETHIERICE > TVW5E, —RICEEMEBET 5709
DOEIEWH O REBIZIR E RS Z WO T, I 0GR
KEBZ DI, CORERZELES»ICHiMT 2 BiNTE
JEWIIZAR D sl & g L — o — 18I 9 % 7' o £ 2 %2187
%

B 1, SEEEOREKNy F v 7 ERERAE, W
FEAIC L BEPRELRITERAXTH 5, KD @D 134
EBEO L —F -8R, d3—BITLoMAMLES,
c \FETEY O EEHEAR IS0 3 2 HLite <[k & 72 2 55 R & fashik
AR EOA 7 £y MR, s BERED L — v — RS 0 Bz
X o TER SN B IIPIERFIB DL S 2787,

MEBIRAIC L — = KA MBS 2 &, T o BEICiTE
W O L — =t F v SEBELETIHR « HEREEEZHK 2
foihn (IR TR & Wo) &, &5 —HI3RARD 4
B ANE L NT OB EIMET 2, T7abb, Wy —
TR & - TERASNBER, BREOHER & sl
BT O £ B R R A AR E 7 3 2EAR L 2 SRR ol
ICiHE SN S, CoLE, BELeEMAEL TRIATD
AR EPMMERNIEZ 0, BAEN L bR N
OHWAR LGV, K1 ICRT [BGEE A2 201 O
CIREPIE SR O IE X 13, WEEEICB T B L — v — LIRS
BEOINE, R 2 OB & oM BRI X
DEALT B, BIVEDRIEMBIEM RN Z DR ER - 70 &
RSS2 L, WEMoXREHEZ XD T 5 2 EAHE
SNb, THbDL, WEYIRNBIZKRREO ik L — v — I8
ZBWT, PEREET 2B RoEE2Hod I LickDd
WY R S OUENR LR TS 2 LR 5,

VI bofGielE z, v —¥—PBF&EEIcBIT 2L —¥—R
IS DRI & 12 M F I B4 P B R AT - 726

3. EBAE

B, RRATHTRE B ERT S B RO T AE A 138
& (K2, LUMEX Avance-25) IZ& b, @EHAMEHC~
Vx— v s HAR (RE30~50 um) A L TRIFEL 72,

HERF oIk ~HE R, K3 ITRd &g, AETEE10
mm X 20mm, WE 3mm Do OFEERIIRE Ui, KR
D& IF, 125X125X t20mm OMEIFN (=2 7L — 1K)
Fiz, RO 1mmOEIETEEZRTULEES 2d D+ # —
FEE L, o EHEIC12mm O &S TRIBEE Lk, BiE
EE—EY 0 OE S %0.06mm & L, SEOWHEE L —+—
Ny Fr B Lk, K4 ORI ZHLITRT L DI
FHEIE T E O A AR 1T c= 0 ~0.06mm A 7 & » b L7
PRRER A E L CHf L — v — BN 21T - 700 £72, B
O FNHRPEITHYS S 26.26mm DO E S % TIE, X4 OfiEl
INZHLTIRT K DI, WF/ YR #1 O SIHMINCHTE DR
B2 A 72y b LIcEARIEARE L CHEMRR L — v —



B 21T - 120 @B~ 2 #2 O TP OO+ 7€y B
&, B oFFEL CIN IT-YH] £vw) hofdic
DT A DaTRTREZET FKE, BREED QT
FT+YMH] EWa) hoEdich i TR Db TR PR % %2
U 7R & 2 %E LTz,

B O, K5 ITRT & HIT, W48 X HE 45 52%
HBRICELY L, 2@EmAME % EiiciiZx iy 218F () a—
N OB, HERA ERIAUANDY) a—5 — T L — FOHEKEE
BRI D201, RO ) 3 — I LT, BTN
ZAE D230 TREE L 7o SakBbricix, FE L, K
5 DRI LT [#yr)] ORTHEIRSZM5 Lo

RikBRF DI Wi L — ¥ —BES 2R 1 ISR T,
V==t Pid, REBRA ARG, Wb E &1 160W
EL7ce WP ARIRDEIZ BT 5 L — 4 — BRI S,
L= —FENED £0.15~0.30mm icZ{LsH, ThichHbd
HTCLr == F v rEREe 2T LI, v—9—K
EBHEE v 13, KA TEEENE L —HF —HGEEE g »
45 J/ mm*ici b & HICHE L T,

=L Gt 1)

ev

FaEh ¥ R #1 DL —F —BREAE, vy -8R D%
AR ARREE LR UEHE L, L= —ETHE v 1, K
A THHE SN DR L — ¥ — L5 g, AR 4 ]/mm’
LB EDIHEE L,

P
q“iviD

Bagh ¥ R #2D L — ¥ —RIEEIEE, Ly -8R D, &
IRk s 2 1D 35D 2 & L, L —F—EmEE v (3,
i L — v =t G auEr (R2) g, %425 ]/ mm* &5 3
K OITERE L1,

B4 Da, bTal gl 2 #2 O REEIEIRZRD» & D A
7ty b, R e TRIIE SR EIOA TRy bEE
L —F — R E A2 ZE L THE LRI HIEZHE L 72,

I L 2Bl o R S O RIE R, 603 Y b = BIERmH
SEF (SV-6487) 2RV, —Y W& +Y Mic> W THgh
ZELDHD L — ¥ — BETRIEEE Lokl o F2Es o
W (PIF TESAE ] EWo) &, @HE 2820 L —+—
TR 280 L TR L ealBth o oo (IR TRENE
ml EwH) el cenehn IM|oHIREEZITY, &K
& Rz, & Ra Ol A KD 12,

AR R S ORIE I - T, WEEEO L - -8
B & BB RIS & & OBIGR A TN B oo, B o
SHRTRIET - foo ABRRTEORIE R, Skt o FENL
& NE I U CakBR ARl A TR & R T [ o A E R %
2A /B A=y TTNTCK L TIEEHIIL, T OFfE
wRW T,

&H2)

2 EEMAEEELEEOHNE
(PR AR BUERTSEL LUMEX Avance-25)

~ 2
4%
20

[N

te!

IS

Support |

[ / ]

Baseplate -

3 BBRRAERTE

...... () § | Y g ouneren 52

a)<

C

y (10)

X
-
-—
-—

L
Y

* - -
Sisnees

Y] b of " outline Path #1
x (20

4 BWEL—H—RE/NZ

0 | 0
#30 : ; #31 }#32 #33

100

X!242:424@-

160
®5 RBA e RER




A AR AU TSRS No320

K1 HABHASECAWL——BSEHE

ABRAAKER EEAYS T/ \R#2
HAMES WA | ERF | EEEE|ETHRE| £XF | EEEE | A T7tvbe | EAE |EBRE |4 Ttvba| T TN
P[W] Dlmm] | v[mm/s|] | e[mm] | Di[mm] | vijmm/s] [mm] Domm]| | vojmm/s] | a[mm] b [mm]
#00 0.00 0.05 0.08
#01 0.02 0.12 0.15
402 0.30 128 0.25 0.30 133 0.04 0.20 320 019 0.22
#03 0.06 0.26 0.29
#10 0.00 0.04 0.06
#11 0.02 0.10 0.12
42 0.24 160 0.20 0.24 167 0.04 0.16 400 016 0.18
#13 0.06 0.22 0.24
#20 160 0.00 0.03 0.05
#21 0.02 0.08 0.10
0 0.18 213 0.15 0.18 222 0.04 0.12 533 013 015
#23 0.06 0.18 0.20
#30 0.00 0.02 0.03
#31 0.02 0.06 0.07
30 0.15 320 0.10 0.15- 267 0.04 0.10 640 010 011
#33 0.06 0.14 0.15
x2 HERRAOANETENERER
SHES (e AV & RER/ NAH2
| $i0[mm] | {£iD[mm] | $EiB[mm] | Kil[mm|
#00 10.517 20.466 10.575 | 20.505
#01 10.653 20.711 10.706 | 20.692
#02 10.724 20.759 10.863 20.876
#03 10.738 20.682 10.795 | 20.919
#10 10.459 20.413 10.489 | 20.377
#11 10.568 20.532 10.557 | 20.634
#12 10.608 20.587 10.603 20.773
#13 10.663 20.748 10.697 | 20.684
#20 10.276 20.268 10.293 20.367
#21 10.415 20.517 10.404 | 20.399
#22 10.475 20.558 10.499 | 20.489
#23 10.542 20.480 10.584 | 20.534
#30 10.269 20.245 10.289 | 20.264
#31 10.344 20.348 10.343 20.376
#32 10.395 20.384 10.440 | 20.456
#33 10.436 20.455 10.504 | 20.604
| L+2c+D1 )
7 EERBAONESE o, § ¢

4. EBRERLEER

41 HEERRAMETEHANE V-V —REZGOEE

L= — IS A TRUE L 2oBRA oA B 2 X 6 1
T, F7o, X TICHEEES# 0x i 5 B o A8 %=
Yo COFHETERER W B Ncsill 590 2 8 R
Z B0, THMEEESMEOENIT K B FEAIE & A
HDIIHRT D %6

B 2 B S UI D BE L 788, SEERA o LR AL
L TERAIIE O 2 M2 ISt U Rl & F oA ik & fliE
L7ce HAERZE 21284,

B O M EEE R 3, R W 2 SR E T R A L
FTRKLIETH 505, OISR DRt

N X
X!

0>§

[

T I

L+atb+D> ’

K8 L—H—EXE HI/REERTEDOER

JEERES L — o — BRATREES & Bl L — o — BRI & B iRk
IO S TUE SN B JEERIRE I B 1T 2 i O sl
AR OBEEE & L — v R & SR S 0 2 AV T
13, VO E € ORSHC X - THEB- ARSI SRR



MELWEGE LA, ESAmosETEM & N
O M, &, KSR & Hic, HEESFEL, #Hzl
NZBLDA TRy bECc, WICRAE20D4 Ty bEa, b,
L= =8N Dy, De S, FhER,
My=L+2c+D (WD)
My=L+a+b+D: (G
LLCEtRTE %,

ARlBrTid, &R EREFICK Y, LA K
AED* 7+ ~ElF, X5 TmRLULRBES O X Hh)
D& GUEEZO LHTHOHE) 1w Lic->TR&E< L
FERRII DI INE DA 7 & b EIZ KB I BV TR
FEFO Y Arlon s GUREHE SO 2 HTHO#ME) <L
Do THINIT/NS < Lo —4, @R L —+ -5k
RiE, REBEEAIO Y AROR S Lich-> TINS5
K HWHIE Ltc, METTEDFNMEE, h oEELEDE
WTTFRlE B SR & —BL 7o,

B DAV TERTIE &2 o L e & 2 A, @RS L4
ETFENE BRI > v, BN (@D, Eil (y
Ha) THERPARE S RE SV 2R LT, Tk
sl o LVl F A E (L =10mm) OFHAlfEIZ > VW T
DT o&EREE#ED 5,

AR 3, X4 cHEH LGB o/EEHENIE (2L
T THEERE] Evwd) gy &, EBR Y Ao k%

E A}‘/ =2.01gb+0.00i
=~ 0.6
> O
< 1
: L
%04 T x
£ Ay =1.839D+0.018 *3%—~ Ay=b
I‘Iﬁ . \ '.‘ /1 /
X 0.2 R
2 7 —O— tEpm
B ] B FEMIE
0.0 - T
0.0 0.1 0.2 0.3

L——%HE oD, mm
K9 /NRIBICxITBTEESE L ——FEXEFLDOBER

11.0 Ye=Ya
£

[
3108 /1’
bl m>n
I 106 ( —
= (ryl y. =0.852y,+1.580

3

h /-
e /tgo
gloz \
E= Y. =1.095y,+0.997

10.0 l T T
10.0 10.2 10.4 10.6 10.8 11.0

AERFDODWIEHEETE y,, mm
10 EAFEMELITEHEERES OLLE

—O— LEMim
—m— TEMIE
! !

AL AR AU TR TSRS L No320

Ml y, 20884 2 &, LWFhoOFHINCE W T SR X
DFERNED HHRE 18- Foo FEBRER L 7aEZRED L —
F RO, TouvA MURBERAICED LTV
= v s FEIT, H71160W, EEEE 1,500mm/s TL —
YRR L, T OERIROFEME IS W TEHET 5,
Tt L, ERC BRSO RE 28wl L, v
F MO T RV F—EENRE L EITkD, EEREMEIC
BEIE Lo L — 9 —BHEOM X D ETER O ERLETE AR D
KEL -t EHEES B,

MR E EEIMED Z S 2 0 d 5 &, BEAIm, NEAL
HOTHICHOVWT S, EERKHO L —F—FEENREVwIEE
SEEFENINE & BT & OTERES K E B A EINAEY Sh
720 T, L — ¥ —HLEDRIHIZAGEIK O X 10 < 5
BLTODEEZEZONIDT, RAEORHRE S RIFITHS 5
STEFERNE y, 085 dy 2N O TR, dmsbEs L —
F—ENREORERER I DS T 7 IR L /2,

bESAzH ; dy=y,— (L+2c¢) &H5)
NEBALIE 5 dy=vy,— (L+a+b) &L6)

B8/ Y 2 #1, BRFE SR #2E DI L —HF—HEHED & gy
L ORNICHBIRARED 5, TNENOBIER T, T
N ZHL T k1=2019, R8-SR #2T he=1839 TH »720 T
o FERR ONEEEIE S 280, EENEHRT L L —F —
EHRICH LT, vV — Y v I EDR T X LE— %
B2 TG EITHO 2 XEMEFRE K, ke EABENTE
20T, X3, 40ENRED, Do OFRKEHD
THIIE U 72 B~k g, EERN Ty, OBRE 70w 35
&, MI0iTRd &9, FERMEE oTEEE /NS -7, C
Nk, ERERD L — & — REEIEIC & 3 SRRk Al
DIEXZH/ETE T 2 F03r b 2157,

42 RBAREMEIGFAE L - —BHZEORE

L= — BB E A A CTRBEIE U BB o RE A
ENERMIEHOREM S 2, ThZEn —Y @, +YEITHL
T LR E2 L 3 ITR T, P E R L&A R,
DFHAME O [ i O AEBIBA R (LLOIE%6.936, HHBEIREL
R=0951) v ohroT, LT, RENZEEMEE
DN EE2RT PSS R IOV TEK LD S & &
T 5

FHEMHS I, WIPEADO L -V —BNEENS KB IEE
RIMH & NS 2 B HRPDGEED 5N b, S HICHIER RS
AT 2 &, RAMHSOHKMEA —YmE +Y mm& TALE
B hnTcnwsd L o, MEmMO —YmeE +YM@T
@RI L, Sl L — " — B O &P S ANEE o -
BEigo-ox (GEEEEZ) 2L (1D, oz —
YL EERECEE L EE S #0z, #1x Olbl
KBV T, AW, TEMmEE b —Y mO A BERE
DORE STE U TREMH S AEAMEICH - T0 5 2 &AM -



A AR AU TSRS No320

£3 HBAOXREHIAERR

FHIRIERGL ERER/ SR #1 ERER/ SR #2

FAER A |AIFEE | Ralum] | Rz[um] | Ra[um] | Rz[um]
400 -Y 2091 | 160.47 27.64 | 187.44
+Y [H 18.02 | 127.77 17.23 | 138.57
01 =Y 28.01 | 173.38 2549 | 162.54
+Y 2131 | 165.07 16.12 | 132.97
402 =Y 31.80 | 203.51 16.83 | 118.35
+Y 2649 | 177.18 1473 | 100.47
403 =Y [ 3387 | 213.04 2401 | 173.25
+Y [l 23.67 | 166.56 12.16 79.39
410 =Y m 20.50 | 157.46 2035 | 124.61
+Y 13.93 | 105.36 13.05 | 102.28
11 =Y 2251 | 176.15 18.15 | 127.80
+Y [l 18.09 | 120.86 11.84 87.02
412 -Y 2711 | 167.17 991 83.15
+Y [H 20.02 | 141.66 9.47 76.39

413 =Y 29.59 | 168.41 8.68 86.01 -
+Y 20.86 | 133.85 7.94 62.83
0 =Y il 9.27 73.10 12.60 84.61
+Y 9.60 76.90 11.38 84.25
01 =Y [l 9.45 68.48 10.21 86.76
+Y [ 10.42 75.16 11.29 77.02
) =Y m 10.95 | 108.00 9.42 75.55
+Y 11.60 90.87 9.89 71.45
3 =Y 9.01 74.64 8.81 75.02
+Y [l 9.05 74.64 6.88 50.58
30 =Y m 7.35 58.40 7.41 55.55
+Y 8.72 69.87 11.10 80.93
51 =Y 8.08 63.90 6.92 54.47
+Y 7.58 61.97 9.34 76.48
43 =Y il 8.26 63.65 8.57 82.29
+Y 8.56 66.73 11.66 79.90
33 =Y il 7.49 60.54 9.48 70.01
+Y 6.78 58.56 8.76 68.54

tzo COFRREREETT 270, —YHE +Y H & Tzl
BNADA T2y PHFELOVWELELE L FEMHEIIOWVT,
RN ZE1L DA 71y b ERALS ORGRERIEL 72 (K
12)o Frlo v —F—FhEoKE VIkEERS #0r, #lrick
WTC, A7y bEOWKEE BICREHSHREL L5H
D St Thid, AHOK 1 O cHE U 7o
ORI SRR A =X 2I2BVWT, @4 7€ 58
KELB BT >N TSR L — o — R 0 B A s BERE
L0 LB ARMICE L 82T &Ik > TR E HA XL
155 &V GRITH - 7SR TH B,

K11, 1218 HEES#0x, #1 2@ EHALH Rk &
DB VT, —YHOHH +Y & i< 72 - 72K
D—> & LTl ORESEDEBNEZL o b, B
DIERLITIZHEENR Ol 2 v — & — HHIER PO B IC &
bETHEE L, EBICHT L 228 3 fskigms» o -
IZHIT00mm O EIC L — ¥ —HIHAO 2 5 —2% T 51,
Izt v =¥ — RO RNAE ZHI T 5, X5 I1TRL
e, MEES#0r, #1x OB SUEROY il mi
B v =¥ —BHPLD SN TOE ), L—¥—TBDHA
EE, Y il miakss i o TEUEE T #0x TH2.94£0.41°,

w
o

P

—O— BB —YE |
—— EEMI+YE
-@- TEMI— Y@
: — M- TEMI+YE
0 i : ;
0.1 0.2 0.3
L—H—%EXE ¢D, mm
11 HEIBEEOL—Y—FEXRFLFEHEE L OBFK

—
o
1

REM=(FI) Ra, um
S
|
N T
|
[

N
o

w
o

N
o
Il

[y
o
!

K= (F9) Ra, uym

0 0.02 0.04 0.06 0.08
WEA Ty b1 ¢, mm

K12 #®EBAXRDOATEY FELTHHEE EDBER

1
—O— D=0.20/-Y
_&—“— D=0.16/-Y
g 30 D=0.12/-Y
D=0.10/-Y
- o O o 0204y
& o} /_/ & D=016 1y
—@-- D=0.12/+Y
~ 20 _— [ —A- D=0.10/+Y
0
I
(<
H
& 10
fel
ud
0

0.0 0.1 0.2 0.3 0.4 0.50.60.70.80.9 1.0
WIBGBEE R, -

K13 HBAREOTHHES LHKMES & OHEBERR

SRR S #1r T590.980.41° DIRNIEDTEAEST 5 T OIRN
A<, —YmEERED» S&BHROMEIC, +Y
M BB RD SEEARKRD A X2 L — & — A RS &
N5 ECBD, TOL—F—BEEEOEOTEBK AT
NOBARNLALT A EIckD, +YHEBMMBELD
— Y HEMHEHREL L > EHER D,

AERTC I DS B L & » +Y ofn 2 Tt & it
B&ES #22. #3z1c>WVW TR, v—¥—REORNAMNEE
FF#0r, tle L @3HIcH207T, +Y@mAMES LY —Y



MERA S NS B BHEE 12208, FEBREMTL —¥—
SR ENESCHRE LT En o, BHERERRRAD SN
»o i,

—%, T, WMEERICEY 5 L - —EARKO
(L BERAS BRI Ic e T 0 M TH B0 o, BwEho<
2 #1 LggloN 2 #2 L OBGEBIIREEEICER L, Wil v
B O v ——EHE D, D 83/ ¥ 2 #1 LRy 2 #2 &
DA 7y NEES deick D, L —F —IRFFEITH O EHEE
ZLIFoXTEHRL, ThsFbnls & ORIFRER13ICHEE
L7
_ Di+Dy—24c

Di+Ds

TFEBALIE DO RIAKA S b ERFBIRGEF D L — ¥ — SRR DR
A2 5 T EITNA T, EERORBAIESEIC kD,
REHE S 40z, #le TR +Y mEmAS L0 —Y @
FEH S HRE -7, FiT, WEEEKO L - —%
& D:=01mm & L7kl S #3r ol <3, +Y h#
FHE XD Y HEEHS NS -2 &1, miko
L= =R AOEWTHIHTE 5,

RERIEEIE D L — ¥ — R RIc >0 T, WM ORERSAE:
IKBWTH, EEHENAKELABIT LN > TEREHESA
LB MDD S, IO L — - EHEEKR
ECHRELLIEAE. WFh X #1 LRF 2 #2 & OfIcE
HED10~20% % EE S B 2TREOMHEEA T 5 C Lok
HE AN TBHEBEOND LV TEDDI -T2, 12
L, L—F—ERRER O > L EES #3220 —Y [fi
D HFFINT, TR E1 SR Y R #22TD T IR
M /NS B, BBES#3z0 —Y @G, v—¥-—
BHh Ml 2RIV TE D, L —¥ B ORNM OB
KB LIbDEEZ B,

Pl OFEBEERMN S, <Lz — Yy Iick 2EFICBL

R G

j{ 100pM

533 Y

T E TR
)i K FSH#03 -Y @ b)sA ¥ FS#30 -Y @

14 AXRPEHBRAKREO SEMEE

A AR AT TSRS No320

T, THEA015 mm LI NIy, EEYomsicxt LT
0.02~0.06 mm FEEE DY 154+ 7 & o h [k EZRT L
2.5J/ mm’ DB THRIPL —F —BIRHEITS T LickD,
WIEREREO VM S 210um LI FICd 2 2 ENTE 1,

K141z R Fz&m sl i Zifi o SEM B H A /R4, [X14-2)
BRI S A E CEHIE NAZBES #03 —Y o L R
(LD ZEAREE, K14-b) [F&RAEH &AM < GHITS nu7cali
F5#30 =Y oL MBI ORMIREEHTE LcbDOTH 5,
FHEH S AN S CGHITS N 2caRE=S #3000 — Y T, H
R R ORIE20~40 pm ORIASFRIRTICZ M E LTV S
oSN LD LT, REMESARE SRS sk
BIRS 4030 —Y HTE, FEERARRZROR O @ ichRke
5 LASEheE LA E N &b 250~100 um DK X 75
RbBRENE, T &, RELIES OB A S-S MkE
R & BmERAE A ¥ 2 OMLEBIRIC K 2 MDD E & D
O SHEN LT, 8L — v — REEEOE VST
OSBRI AR DOERIREEICEE L, K@i o Ml o
SIBHY AR OB EHIP L VI ETELITER LSV EE
RV RS RIS 2 1A L CREM S 2K T % &
DM DA T BRER & 75 - 7

5. £&d

LIBAMEDO—>Th % L —+ — PBF HRic & 3 Rl
EREOH S IZOWT, 2O A 7 =X L DOEHITES
WT, BERIBEICE T S L — v =R E L — R AR
BOZMEDEVICEHL, o oSEEYREH S N0
AP~ Tz,

FEEROFER?» &, SEMRMEEEEY O LTS L, W
L= MBS L — - B, mEEERRO A4 7
oy PETOREBIICIA T, EEKOREICPES L —v -]
FAEORELZF 5T E2HO T L,

SE

D) hEE—Eh  TEEM D 77 v & — Ok
IR, v — = s v —Hik (2015.5)

2) BIHFE [V —¥—FENAM Y X7 403 =27 7
7 F v ) v I NOEHRICoWT], FEIEHM Vol.b3 No.2
(2012)

3) PR < SPEPEE  TeEp R EEI IS T 28
o B IR BRI S s ], HAREEE TE s
165m 2 EEHE A2 (2014.10)

4) FOPEM < SPEER  [EMAREEEICX 228
EIEMEL O BVZE I BT T EBRER O ], H AR
014 AERR S (2014.9)

5) FUPIEEH - saARRA - SEEPERE, EMETG, ErEe -



A AR AU TSRS No320

6)

7)

Bt [ 3 DEEEREcEELicv vz —v v s
b4 o S EARAL |, ACiEE AR A TSRS T BRI
#No.316, pp.69~T76 (2017.8)

A - A E TFEEHBET IS B Y 5 e EAdditive
Manufacturing£ifir DGR ), 5 T2%4:35Vol.82 No.
7, pp.639~642 (2016)

Wi s, THARICE T 5 Additive Manufacturing ® %
ZEInnrooHE], FHll&HHVel.d4, No.6,
pp.381~385 (2015)

8) FEEMHS [SRMEEEY ORI RISERY T v 5 -

9)

# oy N EBREH S IC KT TS, 20195 EENE S T2 r e
AR R OK 22 Pl U6 2 3 TR SO GBb,  pp.511~512
(2019)

MAETIEEE [V — ¥ REEEEIC s T 2 AR « BRI,
2w — k7 o255 Vol6, No.3, pp.109~114
(2017.5)



AL AR AU TR TSRS No320

2527 Y TIVOIHIC K BHHEI VT + Vs OBI%E
Bl ez, BN fRZ, SO B AR RRHL ORE S

Development of the Isotropic Millimetric Wave Filters
by Application of Metamaterials

Takayuki SAITOU, Toshiyuki MIYAZAKI
Takashi SAKAMURA, Toshinori HONMA, Suzue YONEDA*
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A =F )T UOIBHICE 3, )3 W-band DEHED Bk % B « W3 7 4 vy TS ERA 1o, HAL
FHRELT, IEAEO EROHE) v 7 HRE | The split ring resonator (SRR) %, S Ric&RkEIC
BL7) U 7o R 2 ER L 7c, C & &, BERONELEINIC > W THBOZH TEME1T - 72, ROUINH
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NHOEE B ETALGOH N E—4E Thro BIArNICEE L [1EER] & [k ozh T holdiks
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GHzHE 2B RIC BB T AN FNR 7 4 Ly L1 5T, S SIENTRI 2 NS Ol 42 H
WiIcHiRL7cE T A, 27— Y JHIDEKAL L T e, F72, 3 ) EESERHEREROE S I3RS L EEZ
TS -1,

F—TO—R:A¥<F )TN, W-band, 3 VK7 1%, Zh5H, HEY v 7RSS (SRR)

Abstract

A development of filters was conducted to achieve performance of transmittance at a specific
frequency of millimetric wave W-band by using metamaterials. Filter structures were designed to
arrange “unit element” on a plane at even intervals, where the unit element was the split ring
resonator (SRR) which was the double rings of the square. Samples that have several conditions of
the unit element dimensions and arrangement were prepared. With the “regular arrangement” that is
arranged unit elements so that all the splits of the ring became the same direction, anisotropy was
seen In a transmission characteristic of millimetric wave by the parallel and orthogonal configuration
of the direction for the incidence of polarized wave. The filter structures which were arranged the
direction of the split of the ring at right, left, up and down at the same frequency and periodically
within 4*4unit elements or 2*2 were fabricated. The characteristic of these structure bodies was
isotropy, and there were the band pass filters that transmit selectively around 89GHz on the
dimensions of the unit element 1.75mm. Furthermore, scaling law was confirmed when it was
compared the characteristic of these various arrangement with different dimension each other. In
addition, the characteristic was little influence of conductor thickness.

KEY-WORDS : metamaterials, W-band, millimetric wave filters, isotropic, the split ring resonator
(SRR)
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Application of Humidity Control Materials for Preservation
Technology of Fruits and Vegetables
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