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7. Logical Study on Danger Zone Guard System in Automated Warehouses

by Kiyoshi Fukaya*, Soichi KUMEKAWA* and Sigeo UMEZAKI*

Abstract; Safety measures were analyzed logically from the standpoint of protection against a
danger zone. In this analysis an accident is represented logically by coexistence of a man and a
machine. Consequently basic principle of safety measures is a spatial or temporal separation of a
man and a machine. Spatial separation means a division of the space into a danger zone in which
machinery moves and a safety zone in which men exist. Temporal separation means stop of machinery
during men’s existence in the danger zone. To control separation, an interlock structure is needed.
There are two type of interlock. One is an interlock to human and another is an interlock to machine.”
If there is no time delay in control system, either interlock can realize the separation. But there is
a time delay in any control system and it must be compensated in control structure. There are
two methods of compensation. One is “the confirmation precedence method” in which both type of
interlock structure are applied, that is, a human entrance into the danger zone is permitted after
confirming stop of the machine and start of machine operation is permitted after nobody’s existence
in the danger zone. Another is “the prediction method” in which a human approach to the danger
zone is predicted and a machine is stopped. This method is an enhancement of an interlock to
machine and control is based not only on the human existence in the danger zone but also on the
prediction of human existence. Therefore certainty of the prediction and of control, especially stop
control of machine, is needed.

In an automatic warehouse the prediction methods can not be applied, because an emergency
stop of a stacker crane may cause other accidents such as fall of loads. Furthermore, aged workers
in Japan have the tendency to avoid a stop of a machine, and they often overcome the safety device
to enter the danger zone without stopping the machine. Consequently the confirmation precedence
method should be applied. To prevent men from entering the danger zone, the safe guards must
surround thoroughly the danger zone including the opening for loads and it was moved to 2nd floor
level out of human space. To permit a man to enter the danger zone a door with lock was used and
a man must wait the unlock of the door until the stacker crane stops.

The guard system against danger zone with entrance door lock is necessary for the machinery in
which emergency stop is not preferable. :
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Fig. 1  Spatial separation and temporal separation.
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Table 2 Form of area guard applied to the automated warehouse.
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Photo 1

Guard for entrance to a danger zone.
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Photo 2 The position setting type protective device for
runaway and the long stroke bumper.
HEZRERRERBEBERA PA—/3/3—

5 LT B,

—RICEELAERIE W O DEREICS T LN, FRE
N BB TLIAM OB < FEE IR REMERER & D D&
ZEBE, fE- T, BEEICK 2 IRIUTIRE S 28l
EREEIC DW TR TE 32, TheXTRT L&,

M(T,X) =1
M(T,XC) =0

Y b, TOBAL, REEDERZ2@EH T 5 7201213,
A DRI S e v L v ) AR E ABIDSA S 7%\

EW) IRV ETH S, T, BIEDFEAITOWTY
FEETH %,

FEIEERIR L 7235AnEedRe LT, B, #
fEfEI % 2 2124 T, —H DRI H 5 13,
o fEIH 2 ARBICBK T 2 & v R EZ 6N,
EEAn KRy MCBLWTEE LR LY > PAHR
NIZD—BITH B, DA, FEISEEIC (IHEH 7
DR SN EW) AR IVEEL B, TOBITII,
2 DDMEBEEAINCHIT T W B2, SEELEAN L
FRTIT) LM TER, L L, BHEREICBWTI,
AR o FER I EE L LT3k, FER



LIEETHHI L b, EENLAIBFRERITLIZL
3TEZWw, Thbb, ML)k ABMOITENIHT 5
/f/f’ Ty 7ERITAILIITELVDT, AEDHF

ZBnTid, ﬁé@ubﬁi‘w; % fa RS > B F B
%%%Lta

1203, Be/NV/SN(GEITHARENPILEE  F 4343
HiZR, X bu—2,30,% Photo 2) TH 5, i
RZ A7 Vv AREERRERE L, ZORIHIC, A
SLERERPREL, COSEMNICAB»ASLZ LT,
Ry 7 Vv—r e REFILEIEDLIDTHL, IO
EREHATEILETE 272002, EITHEEINFILEEED
BRI L TETERENNE W EXEGETH), ER
PO =N NTEHITREDEEEEICHISTE 5 &
JICHRIEELZEEL TW 5,

b9 12103, 11%%2??&%7@@&%% (Photo 2 &)
ThHbd, UL, BEDFEICIHE->TIATTH LML
/ﬁ%%ﬁ%bﬁbf@T;tfxyzwyv./@i
THNICABOERZPRET 20D TH D, TOEEIR
BWTIE, RZ v Hh 7 v— U pREINIEREED &
Hewn ki (a-l) DF5#E LT 225, ARDERiEs
WCALZWEWY) (a-2) DF#EIT RV, 72, (a-1) 2D
WTHABF e E2EI LTI L LY, ZOF
W, THEERFIEOYINLL LB INTIILL, &K
EXBEEETH 5,

4. £ &

4.1 EABLEFRERLFIEFRX

ARSI IL, Table 2 IZ/RT X 9 ICHEREITHR
Lo TWwBNT, EBICLEREBIERSINTLLA
MO ERBEEADEAP T SN B2, KeiFikhAIT
TFRIFRICHEEL EEZNEHREDRED/IET TR
5Ll b, COTHEPFIELWEZ W) 2DITIZ—E
DEGEFBETH 5,

Thbb, REOBEEZLZEZNE, AP EHREERIC
FFLL2ESCRBEMEFLLT TR 6%\,
L2L, ANFMOEAZTFRILT7v—F 2l &IiC
I3 FEEREZL DT, BFLEOTHEZITo-TWEI LR
BT 525, TNENOTRICB W TAHEEEHiLd
BENSDH B,

fEIREBAD ANBDRZEZ FRICTRT 512, fakk
SRR SMBIT ARG & DR RIFENTE B I3 U 72 BRBELL
EEEN 2L CATHRAZERTOILEN DS, AN LD
BRI, R LTHEKEEZ L B5RETHD,
¥, BEA b= N o—DBAITIE, R v H 7V —
YORKEE L NBOBEEREDOIZ ), ETHAKkRZ

EEREWIEAEREHRYE NIIS-SRR-NO.16 (1996)

NFEEBEDBAER, R v A7 Vv—rEETH LD
T, (ZFABDOBEEETH 2, BRI & EE 134w
BETH 25, NHEOEEZHIRT20IIREETH 5,
ZIPEn-T, EFFRICBIIARERERRLIZ L
uﬁ%mfu&wou@ﬁﬁmﬁmkiofiﬁ@@ﬁ
BPELLEBENDDH S,

7, BIEREOTFRICOWTIE, Ty —%2%r7%
WEEIEEREIER S L ) REREH b, TV —FDF
IR ERSENEBEICKRET b LIZRY, Sh
LAEEZBERP AL —R L% b,

5T, FEREROFETCTFRZIT-> TEW2EH, 2
WITHEIBREIZ I ON D, BIZIE, EREVBEARES
WKAYPITTRSZELHNFL, TNIZOWTIE, B&o
TEAZTHUT A EEZHFINEGY, Bo TEAZTH
LW ZFINL v, ZOBE» L3, EEEIE
MREBICHEE LA R TRTERESICET DL
RuTREND D,

D &I, BeFEIEFRIETRICE D2, FT
DARFEEEFDH Y, INPERTELLDTH L0ED
PHERRLTBL I EFUETDH 5,

Zhicxr LEABEFRIE, BHEDKREBNORERICEY
DT, TDE) EAFEEE I fE-T, fiRkic®
D> 6E 2 2GAITE, EABLEFREERL TXE
TH b,

42 BEOMEEL SHEDBEIIOVTOER

B W R LS O fa R R 2 B DT HE &
LT3, ABDEEIKT L T2 RMIB#ED L WD
DB b, EREREPREARCHS—TEH->TLE) L)
LDFET, BEDLDWH D, INLDREHENEE
EEWMEDOTEER L DEEICOWTEET 5,

ABDOEBIEFET 212, ABIFEEREL 724
vFZ—uay 7% L, Table 1 iZRT &9 i AM»E-
SBETRIEEBLZTS DL, MNEIEEELIE5
ZOWMRICKT L2005, wiihd, AMDEEE
NKFET DL ZAHPFKRTH LY, EEeE TIIHRRE - 58
BEOMBEENDVETIRNT, EBRHCTEKET 2HE
BEBMEICARICL B, 2, EEOKRGRZELT
b, EEE IR L EETEI R ARFT A S LI3TE T,
CHOETHEWME AT 2, SMEOWEILA L W
FBED 6L, FORMEEDERIREEADESE ED
Febicd, ERICH L TEBRIELZNTIFLRL,
HITRMBARICER T, BN LTEREEII LN
¥ L,

ANBHDHEE LB AIT, 2R 2R L O e B8
WEIET 5 & v BeFIEARIE, AR 35 EEE



HEIRREICB T 2 EIRBESR# S R T L DRERE

EEETLVDOT, BHLEORODEMERZE -, Ly
Ld s, Be&FIEAFRTE, ERZRRICABOGK
FEHA~NOABLEEZHFLTEY, AOWmMERITLI L
bkl ends, MOMHH DL, BEATH ST
REZDRITIIERED & 5 ITHFICREEI TR EE
HEDEAZFH) LNV NPBLTH S,
PERIBEMBERDENTTLETIF LW EXEL, £
DIHOEBRMRTHIBOEUNOF»6FE2HTIE
WHREL LD ZFDERMEHMEL T nEE b,
ZHUCK L CTEABIEFR TR, RFEOHERET
DD LS, BAMEESENZ EHFRETHY, £
DD, FRHELIZS W EWIHIREPELEICSZ, fa
MGEBICAS ) L W) RREL 28/ OBHKEILETE 2,
Mpd el EI3BIEL TR HAS,, LBRICHRD S
NTHThH, BIEE» SHMZ LD 2 2 &I OENIE
MPH DB, BHEILEDTIWEW) L2 EBREICLE
PR L72DIC D, EABEFRILETHS ),

5. bYIC

BEMUC AT T 2k BARDRZLB#ED IR, FHEiE
DEOEIVKET 2D EL, AN—CLAHEE
BIZLAUT LT A7, WL, fabRfEss
WZFHELS 3=, (FEEBVAEG ITEIMNI TE LR
BEEID UL Lotz 2072, BEDEBMED &
I BT R AEBROE W HEIEY, REEEL
B8 L CREMRIEICEAT 2 b o7z,

DL HBRDP S, WROREYHEND ) Il R
B3 728, AR &R TR —BEZIR— 5 Ic 7 e T 5 &
ERETIEROBENETNVE b LIT, BREHILT
BRODRUZMWENICEEL, RENKOREHTEE
PHLICL, Thbb,

(1) ZEM % A DOFFEEE & MO BIEESIC 3T 5 2
EDRLEWY (FRBEDER)

(2) MMOBEMEESIC ABAEAT A ICIIHMN 2 &
1§52 EnBEE (FiLoJFERI)

3) A4 v —mw 7 LBBDA v —uy 212k
5 bE 2 DnEA|nER

(4) FEBROIEF THIE 21T 5 Bk BEREL

(5) EIRDOFIEHIC BT 2 EEELEN & TRIOERDBAREL

(6) "FIDJER]) 2ERBETELON2O0DHR I KREe
E1E R & HE ARG 1k 7R o0 BARELL

(7) fEREEERE L TREMKET ) HADOME

TEERL, TOMBONEANFT, BREFNEKIIME

— 71 —

AR ICERZREOD LW T 2B L2 IC LT,

ﬁ.)\l‘jﬂtﬁﬁ‘i, @ﬂ: L '5 ﬁﬁﬁ)&%é@&ﬁ?\ %5@%‘;&
LTHIOTABOEEEZFTT23DTHY, YIF A
BEDT7 2 =N — 7D TH 5%, BEELFHR
IFEPIZIEE B & v ) FIEERE~DE D Ficsk ) sLo
LOTHY, =R INE 7 2 =t —7{bh Hik
ThHb, CORKT, EABLEFREZERETRETH
5rEZ b5, .

EABIEF R, PEFEEZIEROEL 28 &
WY LEREEP S DREL LD, Thbb, BeflkF
RCRABEOBGE 2 B L THEMEZEIET 22, hE4E
fEEHIIFIE 2 7O ICBEREE 22 H L CfafRiEs
CEATHI DD D, DL LEREHLET 2D
i, - SRR, BRE SR LUk udEeE
TELVWEABILEFROEAL L, RAARTIIRRS
nNT&R TAicHT54 vy —wy 7 OiEHAZIE»
LT ENRETHD EERINSG,

EXR

1) AN - EFRL— - M, BREEIRXTLORE
& ZDWRERE, EXFESWMXGE, 107-D-9, 1092~1098
(1987).

2) BN R BRE - M, REERRRLEOENRE
&, HAMRERHIEE C, 54-505, 2284~2292 (1988).

3) ARG - ERE, BEOFEARFE LTI, EER
STFEAHERIITFEERS, RIIS-SRR-90,7 ~21 (1990).

4) JIS B 8433-1993 (ISO 10218:1992), E¥XH~v=F=x
V=T 4 v7aRy b L&

5) AL - RAE, BARANDGEFHH & Kel— FDIZHEAL,
¥R SWRTEMER, RIIS-TN-84-4, (1984).

6) MAM - ERE - BFRL— - AEREE, {2 —nv 2D
RS, & 20 BRETEMAREZSHETRE, 39~
42 (1987).

7) prEN1008 Safety of machinery-Interlocking devices
with and without guard locking-General principles
and provisions for design, (1993).

8) BAE, ANMEfrnihiighE, % 100Xy 2
WETHE, 1113~1116 (1992).

9) RWIPH— - A0 - FTAE - FhNE, RetlEicBir3
FHAIBAN, EEREWEPRITEHRS, RIIS-SRR-86,
No.1, 64~68 (1986).

(PRt 8 4 3 A 15 H%H)





