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Autonomous Guzdance of an Omni— Directional Vehicle
using the Robot Language

EH HFRY ER Rx* #fo Ex*
Haruo Sugii Takeyuki Asaoka Masashi Taniguchi
K BE* A BE*

Yuzou Okawa Chunshuku Paku

(19974 2 H17H Z#)

The current AGV (Automated Guidance Vehicle) in a factory moves by sensing the guidance line
which is laid down on the floor. This may be good for safety and reliablity, but the guidance line
needs to be laid down along with the route, so that it is difficult to change layout in the factory. We
proposed the method of changing layout flexibly by using a developed omni— directional vehicle
which can move forward, backward, sideward and turn with two driving motors and a steering

motor.

This paper describes the developed programming language for the omni—directional vehicle to
move autonomusly, and a operating exsample of the vehicle using the language.

F-D—-F:25ABHEE ORy FEE BRBEE BHoK Y bAGY

1. BU®IC

IHEBECBVTHEDIN — N EETTHEARRE
(AGV) OHBITIZ, BES 1 O ERIBBT BHE,
BMAT— ToN¥ET— T2 EE IS B A% EA5F
AENTVS. TNSDHHKIZA GV OELEMAMIRH
T, BERCEBFHOEMSE<AVSNTVSA, F
WS OBRBIFEMES 0, RFOLATYLEE
FRBICLTVS. YHEFRTE, 2@E0OEHEK &R
BT X DEEE, BT, RHT, OB TOAMER
EOBBBEEEOSAMBHEE" ZHREL, chb
OWEEENLIELA T Y FEFICRKICHIETE Bl
AAED Y #BRLTER.
COREERBTAED. 2HABHEHEOH T
EICRELBERRL X oofy FEHEEWREL, B
BEEEZEEIN— b BESD) ho—RRICHER S
¥, GEMESEREESEER, BEL, FEERTHE
THEMIBBIN— MR T 2ERBEZRZ-OT
&7 5.

2. 2AMBHEE

(1) 2HPBHEEORE

EHMBHEEIR, EADO2HREMIL TRHT S
HD2EDACH—FE—F L, BROEDDACH—

* L ZFAHRRORTFA VR IN—F

RE—FEZHEATNS. EEOBHE-FICLDPWS
BB LY, BRE—FICLZB/THERHOMSEDOEIC
&0, 2HEAOHi2 OB/ —NERWETHS.
B 1ICHRLALARMBHEEOREERT.

lﬂﬁl\ﬂif\—9 Atk MW-D-H)
60cmn X80cm X 50cm
> FGRE 50Kg
ﬂE ]nxaunn s0Ke
‘ Ly kK 38co
y E BYpa=y biih
7 oN(AcCH —#) IA
anpE-%
| CF i —
Bh@
11
LT

1 2HMBHEEORE

Outline of an omni— directional vehicle

(2) EAHEFROBAEHEYI VLT
EBHRER,

(1) Xvaricks)E— MEEGE—FR

(2) BERy 7 AIXB T a7 IIVillERE— K

(3) Oy FEBICX2AHEEZE—K
D3IDNDE—RTHWPIT AL TES. BHEEZDOK
HOEIHELT, ETERECHIHERIMDOLDDORN
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Rt 4B UBEYRAD P RY & OMEBE N, B
SACERETEEHONFLHEZHATHS. il
ABLUCRHFORMBAICENENT > R—-KT 13>
ZEALE. R23BHEEOFHUMNEROMRTHS.

[reva> [Eauan] - i)
e (RS-2320) RLI
|vE-+mEBOX - [me]

(RS-2320)
CPU-1 IT
| l R
[cpu-3]  [cru-2] FU2LYE K
- . AhCh L
EITRE | | ETRR ETER| |BERt Y
hovs| | horsy hové WEllb
2 |55 }
] areenl
o oA [zF7 9> ok—{F iR k
CT7E T II—

4 L
[me]ras]  [uas[mwa]

2 BHEEOFUHEROHIK

Block diagram of measurement & control system

ERAR®B®IIP | DEEMEIN, A1>DCPU-1
NoEXONEHFEEICERTS. BREERREF
ENEY FTF—ITRHEINTHD, FHSIT1 123
EBRMERICIE, PEICRCTHREES. EBRMHED
rHOBEREEHERR (EAROBERMMR) 13, @Eg
NBEBRMNSHEAM > BBEETHMEBEES LD
AERER(0)BIVEZROE 7 EIEISBRBELEE
BAROEMRBER [AONSKRAICLOEHL =

Ww.+ve)
Ux = ‘2— * K- dx
W+ ve)

Ve = _‘—‘2_-— «K2 - tan(90— @)

Va=0Ux + Vo
Ve=0L +04a,Vr=0Vr — Vu
REL,

VX VICH Y BHEEE

Vo ABEX LT T SHIEHE

v o EEEM B

BEPLEEFPLEOBEMBLIUTNL Yy RED
REDEHK
Ke: b Ly RBEURERBLIOREZEK

Vv e REOELAHREE

Vi, Ve B LWES HRHE

8B, BESAOML—XBOERFMEIT, 717
BIABICE D —ER MMM TEBIMICEZITEINS.

BEBHROEXEETOEMOREIE, R3ISRT
£312, RBIBMOFFZY—H (2EADLED% L
FiZoemitl TEE. LMLEDIIAAIKFHEEE—

WOARAT _.e-m
. e
fERU7—7
(ReyaLe)

8
BEER(Es
K3 #EEHEEIERE OHEBRH A%

Distance detection method

B) oW LEOELMIBENAGVOEEIHEVWELTS
EMBRDE. KL, EXRE OB, BHEE
ICHERL TWARERIEREt > OBAD@EA (¥ 1m)
ICADE, BREORWEBER L Y 2P L THEEZS
Mys.

3. Df‘/ |"|=|m:l

(1) aky FEBEOVEM

MSERICHWREEHORy Fo@ESOY S L%
HRTHHOELT, ORy FEESLIMY 8Lz
DHBI—KSTROLIC® A I Sick i
NTWwa., ZhidsAmgici L TEAERIctl
HEHLEHIENE—DENTHSM, BEKRAIDC
ADLICE D HRMOHIRF— 5 2B < ho 2l &
R, HMERGIRER S DD 3 RIEMNFOERITA
FILLBHRIBRDH D EITHREL TS,

HENZTHZENE LEBHOR Y F TR, %4E
td30Ry bOREZEOHIZEDERL, 20D
REICECBHEZBIRTI2BENS B0, Z0OFH
WBo—or 2 A TiMEa < > RFl) TIIERTE A0,
FBMORy FOBREYZCaL— Y EEBL TR
TITOIEHBEMTRL., K- T, BHORY DB
BIZIE, BEoRIN—LOETE2EBRTI28EE, B
DhiEsE, HIbME, AEEAmia oz, tooEHE
BRELAAPOHERZBELZ0, WEEX2EETHE0
DHBTHAEE -8 5HMSB (DRy FFiE) MpBEE
155,

B#EBHORY hOTMEARLLT, ofy hoBiE
EECHEHOETOHBBITIVERT I HIEMNER
Eh, CORBAEICEDORyY hOITBESOY T A
TH000Ry NEEROBOL/0Y MEREhTW
5.

fFESWE FARLEZL2AMBUEHEOBRBEDD
= ZMEa T 2 RO BRICERE Y > S RIC
ROKITHON O HEAMELZEIAAFLER (OKy
FEBRL/1) #BFEL, BHEBEIIRELK.

(2) ORy FERER L/10OEH &4HAREK
BEL/oRy FEBERL/I, BHARBEICHERL:
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AXEa—S LG REEINE, FOMDERR
LTHEMERZERTS. R1CRL/IOHEERT.

£1 Ofy MEE (RL/1) O
Specification of the robot language(RL/1)

8B [2h1 X (AKIIBNER)

B | 1048 (ex. 11200)) F 7= 31678 8K (ex. ($1234))

B |(A-1), Ta)-TyyD5 2. 7= LIsI~ 1 RERTHEK
HETF [tOnE), -GRE). +{00, -G Mash

2(&E7ID, L(E¥ID, &(AND), |(OR). " (XOR)

R (ER=ZKrEHR) [(KEF ZEROrEgR))

ex. A=B+C-d, H=C+$12+F8SAASS, Ct+, L=k{3 7z &
RN (S >THSANIET:00)~T:99)

L, F:961~T:90) IZRBEFS v07 %

3 1 R AN T (goto :10)

DGR | REFS T 2d=020 (if d=0 golo :20)
TA230 (if AD0 goto :30)
EOM |END)TOYSA#ET. (A NEE

%2 ThERIRER
Control function of RL/1
av vk ). | 31 B
(FRE) Free Rt & My
(HLD) Hold Rt s o
(0RG) Origin___|AF7 U S VERAICER

(WY} xx, yy, 22) [ove HESET. WEERBE|x EIRHE(112)
laidiate yy HRUGEEE(£12)
12 BRTERE(41900c)
e B TEIT xx EN MREEE(212)
(HERMaI=F) yy 5N MAEHEE(£12)
(STR xx) Steer Right |AF7 Y V2 EICEE  [xx [SRAH (0-180°)
(STL xx) Steer Left |AF7 U Y2EICEIR |xx BIEAHE(0-180')
(STX xxx) Steer X AFTUVEEE xxx_X0. 1" Gl (+1800)

(KOV xx,yy) |Move

{ROT xx) Rotate PWSizkakE xx BEAEC)HE -B
(TRC x) Trace HRARE— FORE x RRE-F (0.1.2.3)
(TIM xx) Tine 0. IR THEEEIE  [xx X 0 18 (1-100)

#£3 /M
Sensing function of RL/1

vk -3 B # | I -

(KYC) Kyori Clear |PERENYZS%DYT |

(xv0) Kyori AR DHAD
BRHEPLOBHREROMEL T,
HHBROBHRERK (u) 12,
ENQOBMBRELR v)IC#

(SCN x) Scene BREAD—DEA [ x —FB0-1)

(T3] tuage [N

EH (pixel) IRHEBFA B Mwyiz, (R DHA-THD
XEEE® (pixel) 24 BRER (x) 12,
YRR (pixel) IRFFBRE K ()12,

AEC)  RRBREK2)ITEE

(caM 2) Camera Zero |1 AT EBAN
[T Camera Up |[HASE LIS
{CAl D) Camera Down | HASETFICEIIFSD
(CAM A xxx) |Camera swing|{fEEhARMETER | xxx A (0-180")
Angle
(CAM P xxx) |Cagera swing[iEEINIZ/OULAMLEET| xxx A AR (0-784)
Pulse AATEREE
(CAM R) Casera Read | W ASOREMBDOBAS
(ULT x) Ultre HEELSOEET— x £ YRIRAAB.CD)
(LKP x) Laap R0 WT/ 54T x_ 0:4T, 1: ST
(INP_xx) Input AN -INSDAN xx ARE -H/OTF VR
(OUT xx.yy)  |Output WAL -bADF SN xx HEHE -H/OTF VR
yy hhi -9
(F20 xx yy) |[Fuzzy Out |77 ¥—H—KAOWA | ax T—F W)
) B A V)

TrP—HR—EhSOAN
BRI s), (LICM

(F21) Fuzzy In

%4 &FL—2E— KOLEHE

Process in a tracing— mode

£—FK NOV) 27 > FOBE [ v a<> komiE
0 [FL—ARLIW J
1 (A REBITGAOMROMDETHE. b L—AFHM)
2 |av RBhEB@hH® B8ATYy TS| 19Ty 2T
3 |ax REFOFEE ATy T| 9T YT
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CDEEWEBAS I CEBICME, ORy FOBIME:E
LR TBEDOIAT REF DM TVITHD, 4L
BEEZHED DD, PEZBICERLUIE, #5753
LIl HEETRYIN—F> « 23— &Y,
TRINDECERBICHIBIEH 24, ofy hEERL/
3, BELHOEREFABNSTHERET 284
R TED LD, HENLHEDKESES5XID LI
BLTW3,

RL/IDMARKRELT, HERCHEBRZE5Z 28
fEMIBIRE (R2) LANRISBEONIERERLE
B0 UMK (R3) EEHLL. —HEHIC
HMEa< > FIIORy POBBECHEEICKREKEL,
RL/ 1 DB HEBHEEIFALLDERL>TVS.
EMERIEBIR D THV]) Y 3BE 25T EE CHER
BETBHEIE264T, BMNRTT 302 DR
AR (RITHERTITH3ETROMB/IIB SN T
H3. —H, MV HERERYIT L RT, HEEE
TOBHERBTHITE B ICROMEDOEITIIBR 5120,
BRI hot T ETN, BEOEEHDH N
BELESEZXDICTO0VSLZERTILENDS.
BETA O EBN-BRBEMICIE, XHRICABIH
SERBERIRERD, R4ITRTFL—-XE—KT
BELABOEELZERT S, LR BEB/SI1>0L
L—ALT—iIcxtd 3P0 E L THEAZNS.

(3) RLNNERVWERARBEAEOHED
LHUBHREOHEEZFAL, L7V MEREICE

RICHIETES LS, MRLIOARy hEHERL/1

ERHWT, BRI UM —BEICBBRLER, 51>

M4 afy hEBICKDFEHH
Example of guidance method using the robot language(RL/1)
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ALEDSHTRERL ] I SHEEXRETD
aya—Z27a s T b

Computer Program for Checking of Analyzed
Alloy Composition with JIS

KB FEE™

Toshiaki Mizuno

(199742 H21R Z#)

Many alloys which belong to JIS are used for structural or functional materials. They are
often reanalyzed to investigate the reason for the trouble of product, and also in case of repair-
ing the instrument and tool. In our section , composition analysis of metals requested from en-
terprises are performed. It takes much time for identification of the metals using JIS table, es-
pecially, in case of aluminum alloys which contain about 130 types. The aid of computer is
helpful for shortening the search time.

In this study, the computer program to identify the metals reanalyzed in the laboratory is
thought out. Fuzzy research is needed in search, since there is unavoidable segregation in cast-
ing or slight error of the analyzed composition.

Ri, membership function of element i in the program, is following.
Ri=(analyzed value)/(certified value) if certified value > analyzed value
Ri=(certified value)/(analyzed value) if certified value < analyzed value
Ri=1 if certified value = analyzed value

or if certified value = nullity
or if analyzed value = nullity

Identification Index is defined as the product of all membership functions of each element

consisting the alloy. The search time to identify the unknown alloy with the one of JIS table

iwas reduced to be much shorter than with the former manual method.

F—T—F:JISHE, TAI=ZULER, 77 I—BE, CRMF, ~—v v

1. #

i

EREDEEN, WMEMEDH DV ITBEEMBIE LT
Ebh TV, 20TH, BKMETALI=TLEEDE
AEMREZV. BRETHEL DLEICHS O THITESES
HATHD., LENoT, Bdheeo-8 113 LAE
JISHBIZEEGLTWS., LhL, ZOXIREET
HhoTh, UFOEESTOL SIZ, BEOSTETS
BENLRL RV, FRICRBHEFEROHAEL ), BA
GORERY, BxRBEHANHS.

* FHEXWTE &BRITIN—T

BEENETHLELEEITEITOMMBME T2, #H
ATV RHHBBITIZIERFRTHS. LrL, KESW
ZITOMBTIIMBORE2H0X 5. A&+ NET LK
Tk, JISHEBOGBZHM-TWVS. FRIZHLT,
EESIWICB VT, PFEZEICLT, $&Kicbhi3
REREBRBELT, RETBII LIS,

7, ]I SHBOMBAIICEAS L TWAlSE, B
OBBTHNLIZBEICIIBEENELS. Li=doT,
BRE@HN L LANTH, BEAMLEOVRTEZ LA
T&ERWV. BEOREL LT, Y TIHET o2 WE
HeEd, M EEORICRIERERBOB VLR VITER
TERVWLDTHS.
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INOOBEDTDIC, BLOPIRHRELELEKD IS
RBELBETHILENDY, ZhicikarCa—2 0
RABEHTHSD. Z0BE, BRE (77 0—H) 2@
ATe7u 77 LRERIND. £FIT, Avi—vy
BSEED, HTERE] I SHELBETI-0D07
Oy T LEMEL, NYarERWEREERSLL S
5, BELBEEENTREE LY, fFEEROMENSE
LD T, ZIIZWETS.

2. KESWIZHITHRRE

(1) BEICEYT M8

JISHETIX, A&0&mB JLITbERY, BRG
HH, S8, TELRLOHEESRDONTEY, £01§
BEEEHL-ERERLRVWEEATVS. &bz, JIS
BT, LERDOPIEITEBED 5 BBROFAN
ENRRHONTVSE. ZO-DICHRBED LR L FRO
MhHEGIZS%BOLEVEHONSATETD Z LI
5. IOFBREL BLIAWEBICHAKXKTI LD
T, KEAWICBNTH, ALBREORENIGIIMD
BT LiTieB.

DFI, AFWICEKEDLN I DX, B TER
ThHHN, REREZEI-HOEMBRIL, BEFTL
KRILTHB LIRSV, EHELTVERIEOEN
ICEDREL, <) vy 7 RAPHREFTNDIBRRITEKD.
Lo T, WEFRILORBENBETS.

72, RO REIIERENOERA LT THESZD
BRAILE SN TWE A, EKESIT TS BBREHFTT
b5 Y ETEIALMHCBAEICERBBEL, Zh
WL DEAEDREIIN SV EFIE LR

INODRECT-DICHBEL V LVWHET, AEo0
BREEZITHIZ LIRS,
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(2) HRRzWEeT5EREDOMHE
ZL OB, HBIChEY, B NEEND] I SH
BREDLNATWS., SMBOKIEMT3HEAIICHY,

BHETROONZTROERS, WML T3,
TLAIZYLAGEDILERDIT, 8, ~7/F2 VA,
vYyar, B, woHRED, FhhEEETH
EEEXRLELTBY, 1XRILOLAXTKRETCOEHELE
D EOMOTKRIITHMBOJ/NERDN, Fhb
DFMMTRLBFEICBERTZ0T, thod&U LIy
2RO MNEL 2B,

JISHEBRTEDOLNATWATAI=U LAEEOKIL,
) OB F, M, S8R, 3<, 85 vy R
COMBEL, B, Y1 I A P2EH13088%82
5. INREARROBENSHRTHHZ LIZLB.

COEIBRBEOARD 26, 1HEBH DV,
FNIIEWVGRB#BOHT I L, BRALEFNE LA
. LIehoT, FEMENHEBICa L Ea—F ORAMN
SRERERD.

3. PIZ=OLEEDHREROH

TNI=ULEEOILERIRE OFIER 1R
BEEF107 0LERTOBEASREIN D TR
7L, ETRHEHOLSICRAB. LL, Trizy
LB T, THYOEARLYECHETZIOT, A
ERRLSTULHOWMT A EIIRB. 7ah3BEBMY
WOT, BESu /I LB 5Nu | | {EREHNBE
Lis. .

A&ES1 100 TCH\ICRERGBELHS. Y2710
IVELTRBLAMOLNAT7075TH, 4nRICRER
Hydhs. vV aryZRdmpoBvicRiss, i
BEFETHIRXERTHD LEDNRTNS.

£1 THI=ULGE@DLERSTREOH)

Examples of chemical composition of aluminum alloys

(B %)

EE&ET Si Fe Cu Mn Mg Cr Zn Ti F DAt
1070 0.20 0.25 0.04 0.03 0.03 - 0.04 - 0.03 0.03
UTF UT UTF UF UF UTF UTF UTFT

1100 Si+Fe 1.0 0.05 0.05 - 0.10 -- 0.05 0.05
UF | ~0.20 | LF UTF UTF UF

7075 0.40 0.50 [1.2~20| 030 |2.1~29] 0.18 |5.1~6.1}] Zr+Ti 0.25 0.05
UF UTF UTF ~0.28 UTF UTF
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£2 TAIZULREEMETNI=VLBEY AN X FOLFERIREOH]

Examples of chemical composition of aluminum alloy castings and aluminum alloys die castings

(B %)
e 5 Cu Si Mg Zn Fe Mn Ni Ti Pb Sn Cr
AC4A 025 | 8.0~ | 030 | 0.25 | 055 | 0.30 | 0.10 0.10 0.10 0.05 0.15
T | 100 | ~06| AT | AT | ~06 | LT UT LT LT UTF
ACTA 0.10 0.20 3.5 0.15 0.30 0.6 0.05 0.20 0.05 0.05 0.15
UTF UT | ~55 | BAF | T UT | UT LT LU LT UF
i 5 Cu Si Mg Zn Fe Mn Ni Sn
~ ~ . 0. 0.5 0.3
ADC10 2.0 7.5 0.3 1.0 1.3 5
4.0 9.5 UF UT UT LT UTF LT
K2IIHBPOILERSZ O ERT. Y TIE, ek AR Y ek

FRLSTHIEDIZ, VY arzZRIIEMT3L0%%
v,
ACTARZIXV Y LAREMERTWEMN, LFM
B, TAI=ULEENS5000FRICUTHS.
JISIKBWTIE, PadnIv TR
EROBCBRRB. ZOZE LHEBROBRESEMEIC
RBFEATHS. MESA DA MIDRYUTL B8
FHDTROBVERRZ - TS,

4. JOysSLA

(1) ‘REOA =y THABENU | | HRR
RAEDOHEXBRENKE VWRKIRIZHDZDT, B
BT AMERDHY, LizB-T, A=y 7H
Bix, ABOHBEZANIESVOFERICRD X DAk,
Bk e L2,
HBTHRICONT
RENTHIT 1
RRE8EE BKE/BE
B/MEUT20 BE/B/MME
Nul IfETI 1
Thbh, REOTRORERBEROMEDHEIC
BEITIE, A=Yy 7TRBORROBROE XL
1eny, REFSABEORKEN 28 THNIE, BX
12 0.5 £725. BRESRBEOR/MENESTH, X
130.5 7225,
—HOEEICBVWTREISNTWARVWEERDHS. T
2, —EBOTEOSITRMEKLZNZIELHNED. Zh
LEDOWVWhbWwANul | {EOMLEIY, BAN1ICRDLS

(2) BR=V YV EBEOEE

BBRRIXR— v 70 lSanTralSa7rAL
DF— I XICHEAALE. H1IZTF—2XO—E%RT
BROD1ITIITFELEERE. avCa—F@xl0F%
BRICHEAZAL, HEMLOAE LEBEINIEML TIT
. ZOfK#%o END OXFIZED L, NBTRETHK
DEEa L2 —FIBNBEELRD.

Z0hbEiE, BRBLEEBFNITER/MEB LR KME
EBNVETNEROTOT—F 2 HA, BINCEMTD
ZEERVIET. T—IR—ZRDOFR%ICHL END oXF
BhdH. IhEREAFELEICaVECa2—FBRABRT A
BOEMRRESD. ZOEILEDIE, ZOFusT A
EMOBRICHIERATAZLELARICTIEDTHS.
BIO@HENTHNIEX, TROKL, ABOHLAHBT
»h5.

XFEHFE L, TORNBFL AT ) OXFERICANRS.
BFeHLL, TONEE AT ORBEERICANLS.
Tus7ATCRIDEFERD TS, F—F XIS R
THHLHT—IR—ADFEIAZLTHE % T 5 WHE
HHRHD, BEALOMBNICL > TIHFOEWAR X
nid, BHEMICZS — A E—URRRENBDT, 7F—
FXDEEMRENEERbOLRD.

REEEI DI~ T, HFWEET A AT VA ETIC
FEEAND. BR—V oy 70RO I AT (6
Bl , DAV RDADTa ST LT (4 Ry MEHE)
LEDbNRD. LML, F—2Z2IE/RVCAHNTHHMED
(R R ), TEEEIPEABETHS., EHOTHEL
BONT, BEELENUBLEADTENHIETHLIIC
L7z, 2—¥bRiaiE, LA, v Fy (B T
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DATA Cu ,Si Mg \Zn ,Fe ,Mn ,Ni ,Ti ,Cr
DATA AC1A

DATA 40 , 0, 0, 0, 0, 0, 0, 0,
DATA 5.0 , 1.2, 0.2, 0.3, 05, 03, 005, 025, 005
DATA ACIB

DATA 42 0, 0.15, 0, 0, 0, 0, 0.05,

DATA 50 , 0.2, 0.35, 0.10, 0.35, 0.10, 0.05, 0.30, 0.05
DATA A7072

DATA 0, 0, 0, 0, 0, 0, 999, 999
DATA 0.1, 0.7, 0.1, 1.3, 0.7, 0.1, 999, 999,
DATA A7NO1

DATA 0, 0, 1, 4, 0, 0.2, 999, 0,
DATA 0.2, 0.3, 2, 5 0.35, 0.7, 999, 0.2,
DATA END

H1 R—vy/EBILDT—FR—2ADWHiE
Structure of database by BASIC language
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H5.

AXR—Y v 27T, ZOEBLBIIT2 S LADa—
FAryEBs LD BREARLTWVWEIETS
ZE, ¥—BREEXDLMYRLTBMIZIT D, EEMNEIC
HkDEI12THLiX, HLWI LTiEARW.

M2 icF—2 ANE@E%2TT. EAOKHIZX—Th—
YURBE, hTEXALTEELZBRE. REX—%H
TECREHAOLBOEKEZKYD, TOEKTIXET
— 2 DRIDMBLR®D. =¥ —F—%#{FTILT,
EROBEDOT—FINRAEVICHREEINS. ZOLED
HiIc4 27070 s AEBELREN, BRIEHIRRD
LOTHB.

H—y %, BROERITOEIACHLL>TITE, =
F—F— i, HEOETLRD., BRILICAY
Ry 7THBICEAHEOEINREY, 2TORH
DEZEBIADLET, SHIC100% T TRENE

\
OUT FOR PRINTER? n
BRE/NEI 20
FHlalF—CREBULEN
BEEANTLIaE N, STERBRTY
BEDBR Y HUL(IELTOHMBLIIE W
Cu Si Mg Zn Fe Mn N T Cr
0.50 0.20 =7
[
0.5
J

B2 AHT—FZANTHEA

Monitor display for input of analyzed value

2ETH. B, T—IR—ZRLOHLHERVEELT
M 999 &, BB TANINTRWVWEETIE, Nul l{E
DRBLARD. TRTORKBIZHSNT, REOHELH
DIRY. ZD%, REKBLELTHONLDRELIE
FHTRBICOVTE, BEICRTEINT, REMEED
BTT5. £, REKEOEXEXIZFLTES.
(3) 49V I +OFTIADIFE
BEDPARL—va Y AFAELT, V4 RyX
MEGHEIZERLTEZ., BV TIIEEAESER
IEHBELTWE. Y=Y a P ATF—4X—2D#EAD
oSN/ 70y 7 bEOT 7B AX, EHE
WEREETHD. TAITMAT, 22— FEEL
LTDT 7EAR—Vy 7 bBATWVWS. ThERAL
T ISHBRLBATHATu ST LEERL.
LOFu ST A, TRLEZROHE@T FRBELEZA
hW3EE SWEZANIED, FRORTEHEREE
EALLTWS. fa0EEEI T /7 L0ETEND
BT, EEEDVEXTIT). ERLET—FX—2
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Cu Si Mg Zn Fe Mn Ni Ti Sn Cr Pb Ir
5005 0~ 0~ 0.5 ~] 0 ~ 0~ 0~ 0~ 0~ 0o~ 0~ 0~ 0~
69 | 0.2 0.3 1.1 0.25 0.7 0.2 0.05 0.05 0.05 0.1 0.05 0.05

0.1 0.12 0.35 0. 02 0.2 0.1
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0.1 0.12 0.35 0.02 0.2 0.1
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2) Benninghoven,A.,Reudenauer,F.G.,Werner, HW,

Secondary Ion Mass Spectrometry.
New York,Join Wiley & Sons, 1987, P292
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Development of Adsorption Type Gas Sensor Using
Carbon Soot

iRy
Toshikazu Nosaka Yoshiaki Sakurai
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Kazuki Natsukawa
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Katsumi Nishida Namiko Akae

(19974 2 1258 )

An adsorption type gas sensor using carbon soot have been developed. The soot was prepared by carbon

arc method. The gas sensor was prepared by coating a thin film of the soot on a glass substrate. The

adsorption of ammonia gas results in a change of electric resistance of the sensor at room temperature. The

electric resistance of the sensor decrease when exposed to ammonia, triethylamine and nitric oxide, but

increase when exposed to acetaldehyde. Its electric resistance unchange when exposed to hydrogen, methane,

nitrogen dioxide and trifluoromthane. The sensitivity of the sensor to nitrogen dioxide is improved by adding

of Nickel to the soot. Electric conduction of the sensor is due to charge transfer from polar gas to carbon fine

particle.
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Removal of Diluted NO Using Activated Carbon Fibers
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Effective adsorption of diluted nitrogen oxides (NOx) is one of the most important processes for
purifying the polluted air, for instance in tunnels or on busy roads. Activated carbon fibers (ACF,Table
1) were examined on their usefulness as adsorbents for the removal of diluted NO, where NO is a main
component of NOx.

Adsorption tests were carried out at room temperature using an NO measuring apparatus in which a
controlled potential electrolysis sensor was used (Fig. 1 ). ACFs in an "as received" state i.e. without
pretreatment were found to adsorb a considerable amount of NO at 5 ppm concentration diluted with
air or N2 (Fig.3). The test gas was then to be dried with silica gel. On the other hand, the ACFs
preheated at 423 K for 24 h in air showed very low capacities of NO adsorption except for PAN— ACF,
even though preheating adsorbent is a usual treatment.

Each of the 4 kinds of ACF showed its particular characteristics of NO adsorption (Fig. 4, Tables 2
and 3). NOz was well adsorbed from 4.8 ppm NO2 -~ N2 with ACF as was expected, but considerable
NO evolution was accompanied with during the adsorption test. The weight of ACF samples was
reduced by 7—25% during the NO adsorption test, which corresponds presumably to the removal of
adsorbed water on the ACFs (Fig. 5). There were limited scopes for heating ACFs without damaging
their NO adsorption capacity and for recovering it after NO desorption (Figs. 7 and 8). When heated at
473K, a PAN— ACF sample having fully adsorbed NO evolved to a maximum NO concentration of 380
ppm and maximum NO2 of 3.6 ppm in a very short time (Fig. 9). A probable NO adsorption
mechanism of ACFs is suggested as "micropore filling of NO assisted by presence of adsorped water
and functional groups on ACFs ".
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#1 R LUIACFOfE
Table 1 Characteristcs of activated cabon fibers tested

HEESR IJOAE TR AOHEHE OO
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m?’/g nm C H O N

Yy FiR 1000 1.6 98.5 0.0 1.3 0.2
PAN% 900 2.0~25 89.3 0.9 40 58
)l Oo—A% 950—1050 2.8 94.3 0.6 35 0.0
7z /=% 1000 1.8 92.0 25 55 0.0
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5 ppm NO-ZE R B &
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________
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1: BggHx (80 ppm NO-N» , 7 : B&EHIA,
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3: [EAHEt, 9 NO tr%-,

4 : IA70- ¥-, 10: {kigjn-1-4,

§5: 7JO0- Iyb0-) N, 11: 547734 07
6 Eh I,

Fig | Diagram of NO adsorption measuring apparatus.
(5 ppm NO-air mixture)
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B M / min

B2 ACFONORH - RESH QNG

#1 : PANFRACF 0. 239 g 5 ppm NO-ZT=& %.
Fig 2 Estipation of the NO removal capacity of ACFs.
e. g PAN-based ACF 0.239 g 5 ppm NO-air mixture.
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OBEBFHERI > LHENTHE D, NODEAFREIZ0. 071
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R R 2 & LTS5 ppuNO-N2 % 5 minT SR TERT).
Fig. 4 NO concentration-time curves for four kinds of
ACF (felt). ACF sample: 0.5 g
Solid line: 5 ppm NO-air mixture as test gas.
Broken line: 5 ppm NO-N2 mixture as test gas.
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£2 NOBREMHEEOFHME G 5 ppn NO-ZEXKF,
ACFHEE: 0.5 g

Table2 NO adsorption removal Characteristcs of the ACFs
tested ( 5 ppm NO-Air, ACF sample: 0.5 g )

NO HeEE SV
ti t~t: R OXRD  (EHEE)
ACF - - —
min  min mmol/g % h
Yy FR 5 88 0. 020 13.3 4370
PAN % 11 310 0.071 20. 3 4530

Zho-I#% 18 112 0.023 25.5 10240
Tz /W% ] 69 0. 016 13. 7 5070

#3 NORBREMEEDIME W 5 ppm NO-N 2 7%,
ACF#S: 0.5 2

Tabled NO adsorption removal Characteristcs of the ACFs
tested ( 5 ppm NO-N2, ACF sample: 0.5 g )

NO HEER SV
L~t: RER oOED (EHEE)

ACF t
min  min mmol/g % Rt
EyF# 5 67 0. 015 11.0 3820
PAN % - 5 194 0. 043 20. 8 4150
I a—-2% 18 118 0. 025 26. 3 1720
Zx/—=)I% 6 65 0.014 12. 1 4150

BI2EToRAAKMENEL, RBEBEOHEERVBM
£\, SVAKEVELS BBAHS.

REH A5 NO—NBEEHADHE, 5 ppm
NO-ZKESHADBPELEERZ E, NOKFEMRER
2, EvFRBEUT =/ —IVRACFHRBETHD,
PANRACFREPL, EIWO—ZARACFIREmML
TW3,

HESIX”, NO-NBEHXATREHRR (AC) I
EBANOEBFRZEZHDTHALNEL TS, £FFEIZ
ACEACF, BRRBENEL, KA XDONOBEN
B, NOORERZRFEROHAICL>TNS, &
WOt TERNHS.

EEZSHNO-—NBEEHADERICBIT2HERRT
ACIREBNOWMBEHENDRN EEHBLTNS.
ZIZT, NOOERFRBROBRICBIIAZHRHMOEROR
DRELVWEVWIHMOBENE, AFLEREDPAN
FZACFIZDWTHESITRY. BEH Zi25.0 ppm NO
-ERBREHRATHS. NODOEBIGETL THABR,
HA, B, C, DHYTAERATHARBREPILL,
REOEREZREL THLELRTHS. AFLERED
ACFiX, NOBRFDBRETEHERRLVEFEVLIEMNSENO
WMEREMNMEL, BB T S5ppm ONOZRFE T HHHEE
EHLTED, BEREVORL LBMACLUE, BAD
IZBWTH Sppm ONOZHEK - RETIHEELMERL
TWB I ENbMn3.

BERREORFEARIE, SNKBICEZREBIZKS
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oO~NDWs®
NO MEE / ppo

ACFRHEOEERY / %

‘; 60 120 180
B¢ M / omin

5 EERRONOERY - REBEICHITIHED
HEHED
BEBAAZ: 5 ppm NO-ZESKFR, 3K : PANFRACF 0.5 g

Fig. 5 Sample weight reduction in case of using PAN-based ACF
0.5 g during NO removal from 5 ppm NO-air mixture.
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3. 3 ACFONO . RERYE
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5h5.
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|
. Vi
- (%] w
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— //
S T —— e T 0
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[—]
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6 HBRAX:4 8 ppm NO2-N: RIZDNT DRFRR
DR (ACFBRB:EYFRACF 0.25g)

Fig 6 Adsorption test result for 4. 8 ppm NO2-Nz as test gas.
ACF sample: pitch-based ACF, 0.25 g

3. 4 ACFOMBMAE, BBMESLUHE
ACF2EBICFAT DI, MBICL3RED
HOBEOHE, REEZEHRL-RETEEATIH
EAHB, Lhl, CvFR, ENO—ARBIET
J—IVRDACFIE 323 KAKHOMBAEIZE>T
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EEENELLETLE. —4, PANROBHEE, K
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FHF IR TWB I EMthha.
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ACFONORBERIIBIIZRBFKOZRFHINER X
N30T, MBLEESITTRFEMETFTLLZACFI,
KADOEBIZE > TNORBFRENBHE TS Z EAMFEE
h3 K3ndhHa' ' BLUR7 oshiRd i, fEFK
AZKOH LTI hOBRANBBLIUENT2 WBETIR
BABEOENEEZRTMBZLENNIREYFRAC
FBLXUPANZACFIZDWTHREZDBDTHS. M
BREEICE > TIINORFERBBETIHEEETI TR
WEBDHB T EERLTWS.

PANRACF#N K%, 423 KBXT473 KT
BLEBEOHE, R8IRTLIIZ, BEANREICLS
RBICE> TNORFEMBRE L. NORFRIZ423
Kmm#niBa, 0.067 mmol/g (RBHEEIER : 0. 315 ¢)
T, 473 KiRDBPE, 0.073mmol/g (RBREER :
0.296 g) THolz. —4, MHKERZDHE 1hDEH
DFE, REXBRONYMONORFEOREIENS &
EHIT, NOBEFRIX0.033 nnol/g (BREREER .
0.273 g) T, BFEORHENR+HTHo .

DL, ACFZIMMATAEL THNORIFHEE
BiabBW&HEBIUBRBIZEONORNEZEHEE
54413, EbDTRETHTWVS.

®E / ppo
O = N W & o

NO

® W Iao linl

X7 PAN®RACFONORN - REMICRIET
EXPMBRBLUEOROBHORE
a: 43;3[(52@'&&&&
a’: K ¢ . fasn .
b: 423 KT, AETTEm
c: 473 KTER%E.
d: 473 KTEME-.

Fig. 7 Effect of heating in air and subsequent moistening

on NO concentration-time curves of PAN-based ACF.

@E / ppon
O DWW,
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ME / ppD
O=pNpdM

b W Iso lin'

8 PANRACFONOWL - BREBEIZRIETN
MABLUEOROBHOXE.
(a) 423 K £ TN A (b) 473 K F TN Hnss
a: 423 K XU 473 KETN 2 s,
b: Nzt . B
¢ NaFing - SHEKE T CRa%.
Fig. 8 Effect of heating in N2 flow and subsequent moistening
on NO concentration-time curves of PAN-based ACF.
(a) Heating in N2 flow up to 423 K .
(b) Heating in N2 flow up to 473 K
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[o ]
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B M / oin

K9 BEEROBE.

Fig. 9 An example of the desorption experiments.
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3.5 ACFLTOERENONHERBICONT
DER

TO5ICk 3 REMBICETSEEY TR, ACON
OREMMII, NODELRIETHD, FOEHREREHH
ELTwaedhtTns (BXkHF) . #HF5Y 4NO -
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(H5)

WACFOEBBICE > TNORAEMNRLS. (H4)

(B)ACFONO:RHERIEHTHSA, ACFLTE
FTERENE>TNOMNERETNS. (H6)

EOBRFICLVPFHENZHRBEELLTNOTHD
NO:143Pizs. (H9)

(DN ZHFT4 7 3KICM#LE, PANRACF
DORFET, RERROVAMSRBEL, NORFRIZ
RiFEHINTVS. (B8)
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ERETFY biEEL TV S,
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3.

ERERG)IX, ACFONO EETIFACFLTHE
FEREME B EERLTVS.

Inoms, ACFRNODE LS L THERALTY
BOOTREWNEEZISNS.

EFRER MBIV, BAKOBEERKRMACF
ONOBEBRIIBVLWTHETHS I L ERL, HBRE
BQORBACFREXSINEAIMNNORFEICHFSL T
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BIEERLTVS.

ZO&ILJERDORENL, &F50OREOHE"
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MEAE - ACF)] 2RBELTWAN, SWETHN
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Acoustic Emission Monitoring of the Progress of Damage during a
Short-Term Creep Test on Notched Plain Woven
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T# 5 YBCOMiHi# LaAlos (100) JE# 1 ic{EBIL, 32
R o F o ZI2TH, £3 L L EmBEN S UNEFRD
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BIPETF SN, BRBESNTIIIEWS 3 L0T 57



92

HCDEN i H8E TH - 7o, HCDETIIREH IR &L Y
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(3K TR SRER & InBhEE{LIC & 2 %t % ARG TEEY,
ESCAIZ & 2 ZH AT LT » 72, ZF04ER, ERRTIEIC &
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Determination of the *Virgin Hardness” and Fracture

Toughness of Glass by the Flat Punch

X VI Int. Cong. on Glass (Beijing, China)
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HRTH B, TOREEEL T I v 7 2UIREH10~50nm
D T, ML ARS8 > TH D, 23MPa-m'n
radtEE R,

TiN-AINR BB FROB AL

(1) XPSIZ & 3 RERLDIREL
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&3, TIN-AINREEETII800C ¥ TIIEELE T,
AN & 2% LuifEtiom Es Rodi & nr,
XPSOMERERIC & ), AIDREIFIC & b % - TTi2pseld
PR AL XE—{IZ, Nlsk & UFAIZpI3fET H v ¥ —filic
7T amARLND LA, HEEtEoR I
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fo. ZHNBAH, 4L S ICRISHDRE %
v, SRSHEAMEIOBMIHETTICS 2 28I
WTRFZET- 7.

YN T RDMRS LI T 2 ME O DB

A AP e ke (8d) (7.5.29
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UVICHRGHBOD A2 kiSRG IS & 28R/ 9 — v ileth
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Pattern Coloring of UV-Light Imaged Polysilane Films
Using Electrochemical Deposition of Pigment Micelle
The Third International Symposium on Functional
Dyes (Santa Cruz, U.S.A) (7. 7.19
ORMEFIE, SI—H,
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—FT/RIZ& 3K~
HAG 2 PR 7 EER2
A Oft
2o 7 AAbith i kK0 RS THfFho
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(2, LBiETEX LW oGS & Koha ki % S Bar
LT, F2EICRNEEE LN IERAR—F—FZMR
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OmiAM S, B4, FBH0508
FFOWIIIANTFORET I/ F+ 72V REHT S
X R TR 7 (g s 1% L 22 LBIROHESS & 1
eI D WTHN, w23, LBEERKFICHE
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Recycling of Vulcanized Rubber Wastes Including Tire
International Rubber Conference
(Kobe, Japan) (7. 10. 25)
WA, H#F, =TI, Oft
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Z D RREEIZIS U TR & TRINBERE i £ THEIE <
ICHT&3 2 Lhthhrsie,

R EMBIERENOPVCHBEH X (BILKEH R) (2
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WIRIETRA LIS b 5T RELREL 2R L

f2. F70, SRR E LT, BKR7INVEBEBLIUS
NERFILELEDERRKEZFATELEXF LAY To—
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Effect of Fiber Surface Treatment on Dynamic
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Closed Process of Electrolytic Ni-P Alloy Plating
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Acoustic Emission and the Fiber/Matrix Interface
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The 10th International Conference on Composite
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