KERERBEEEWMALLE
KEMBRAY 7 bOov v X7 v TY—ILOFRE

s ez fi fEET Tt

PR T

B el

T sEEs

e A

Design of Soft Jack-Up Tool for a Disaster Rescue Operation using Hydrogen Storage Alloy

Minako Hosono ™!, Kouji Sakaki*!, Manabu Chikai*l, Shigenobu Shimada®2, Kouki Doi*3,
Yumiko Nakamura™! and Shuichi Ino™!

Abstract — This study aims to design a jack-up tool, which is compact, light, and has a soft end-effector, for a
disaster rescue operation. It is well said that self-help and mutual assistance in neighborhood community work
effectively in a disaster situation, especially for a rescue operation. Since the survival rate of rescued person
exponentially decreases as time goes by, the rescue operation often needs to be done by disaster victims themselves
before the arriving of public rescue teams. However, commercially available jack-up tools are big, heavy, and need
a repetitive task that it would be a physical burden for the victims. In order to solve the problems, we propose a
jack-up tool applying hydrogen storage alloy as its power source. Hydrogen absorbing alloys have an ability to store
a large amount of hydrogen gas, which is nearly 1000 times larger than the alloys in volume ratio. The hydrogen
gas absorbed in the alloys is released by heating. In the study, we designed a jack-up tool using 16 g of LaNiS-based
hydrogen storage alloy as its power source and a fiber-reinforced rubber bag as its end effector, and the prototype

tool jacked up 80 kg mass by heating the alloy at 80°C.

Keywords: Jack-up tool, Soft actuator, Hydrogen storage alloy, Bag type end effector and Rescue operation
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Fig. 5 (a) Experimental Setup for Gas Barrier Property

Measurement, (b) Change of Jack-Up Height with Time.
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BICEIVEDL EF-EHY 80kg DV Y v X7 v 7E &,
MH &&RamORELZFHI L, RERTIZ, BEHhOY
Y oXT v RmEOBEREE 40mm & L, HIEHEEH
ZT-BKFN Y T ONVT HH L TKEN 2O 215
1B U7z, ZALOFHANIZSER Uiz v — W — A0 at & 46 H
L. IREOFRNIITEEXT (HTT0212. (BF) J\LEH)
W=, 72, 7 —# % NI LabVIEW2016 THEZE L 7=
70T AEANTT—Z o — (N19220, NI9213, 7
At VAYIALY () ko TERLZ, L
— =BG DS T Y T AW E 10 Hz, BVExt o
TV U TENE AR 1H & LT,
AREBROFEREZK T1(b) & (AR T, K 7(b-i) T InEAAT
(GHBALA 0 FVIF ) ([ 7(b-i) i3 VT 2 U & = (B
TUBRLA 30 BOBESD) OV % v X T v 7O ER LT3,



(a)
L——E i P F—4 04— [<]
HEH
s I
80°C
{2k s
K85 MH & £%5 /

(b-ii)t=30s

SryxTvIES:

SryxTVvIEE:

ek ARaE G RN AR
(c) /?]D?&Eﬁ&é‘ 40 mm ZI|5E ) /\)lxﬂ’aﬁ
§ 1007 — 50 ’g
w80 REN A 40
Ul P o B
S 6057 = L 30
g |/ =< o )
@ 4071 Lo 20@
@ |y o &
dn 20t - 10 »
o e | [ 3
= 0 - 0 -
0 10 20 30 40 N

2BEERT ¢ (s)

K7@ Erty N7 v7, (b)) VX v¥T v THED
BT (o) @S EIREDFHRE R
Fig. 7 (a) Experimental Setup, (b) Jack-Up Operation by
the Tool, (c) Measurement Results of Temperature and
Jack-Up Height.

H7@:f¢#%i@ MH A&7 % 80°COIEIR KM

WA LTI 2 %12 MH A& D/KE RIS X 5 NENE
HOEFIT L > TKFEAR Y ZREELIZ L, BB
NHE) 25 BRICIZAZEE L7240 mm OV Y v X T v
e ;Lbflo LoT, = R 7 =7 &% 3148
DERE L, KFBESHOENEZMEIZERT L L7
%ﬂ%?é_kf\%%ﬁn®ﬁ4»y)/&—ki0
F AN NR_R=2ERA LYY v X T v 7Y —L L
BLTEDar X7 bhpo L VRECH KLY 7 b
VR T TV VEBETH LN TE,

4. BbHYIC
AT, FmESCEREE R EORERHE LRV

T WA T H RN AN | D 2 L 2 EHE
Bt LT, a7 NCREREDEHE Y 7 N Uy
X T v TV —=ERELT, YT Ny XT T
—/LOENPRIZIE MH 445 LaNisasCoosMnoos 16 g %
WBHZ LT, RNy hRBEHOE G, ARIKEKDILE
Fe7e EOBPRIC X - TEBH T THL Y — /LA BRB 6
L7, 2T, H2mm EOTTAF v 77 A3—
7o AR T LBOEE Y — LDy R T2/ 2 e L
TEHEHATZ LT Y —VOBEREH 540g £ THAT,
T2, RIELZY— L% 80°CORYETIET S = & T,
125 C 80 kg DE Y % 40 mm DR S F T L NICH
HEFONDZ EEHER LT,

At%1E. MH &4 HESCHIEVEE OFHEIC L 255
HEOEIL, Y — O IR LERARBEOFEHE(LOH
AR LT TETH D,

Bt
AHFFE D —FR 1% ISPS BHifFE TP 25242057 DBh% & %1 7=,

BEXH
1 ELRmAETs B AR B -
BRI 5,
http://www.kkr.mlit.go.jp/plan/daishinsai/
[2] Bartal, C., Zeller, L., Miskin, I, Sebbag, G., Karp, E., :

Crush syndrome: Saving more lives in disasters: lessons

RIS RFRI D

—

[

learned from the early-response phase in Haiti, Archives
of Internal Medicine, Vol. 171, No. 7, pp. 694-696 (2011).

[3] Statheropoulos, M., Agapiou, A., Pallis, G. C., Mikedi,
K., Karma, S., et al., : Factors that affect rescue time in
urban search and rescue (USAR) operations, Natural
Hazards, Vol. 75, No. 1, pp. 57-69 (2015).

[4] JRRE, (A3, BS, B, FH, B EERICST
B BE S~ DR - Bk - ATE OB, TREEEREE,
Vol. 58, No. 3, pp. 277-282 (2009).

[5] ﬁﬁ F: HIFRIS RS D FBEDR 2 & B SRR

(2B D R o0 AL R A — R R S AR Ry o

EE@A%wﬁ%ﬁL%¢éﬁﬁfla$ﬁ%k%
FCEL, Vol. 59, pp. 79-87 (2012).

[6] A%, B, LS, 6, G, JRER KBRS AT
7 Fax—5 T FKEERB SR Y — Lo
%, 83 B HAS R F2KFE I D 2 IR
7« F P RBRAFJ 2 084, 10 H 27-28 A, =, pp.
42 (2016).

(7] KA FHUKEWREE©—EOWIE L ISH—, 77
I & —, %1 F (2008).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


