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Fundamental Structure of Safety Control System

— Principles of Safety Control and Configulation Method for Fail-safe System —

by Noboru SuciMoTo*, Sigeo UMEZAKI*, Hiroyasu IKEDA™,
Soichi KUMEKAWA* and Kiyosi FUKAYA™

Abstract: Recently, the reliability of industrial machines has been remarkably improved. In reality,
however, there still have been a large number of accidents caused by industrial machines mostly due
to failures in safety securing means. On the other hand, the evolution of mechatronic machines has
brought new safety problems, such as the runaway of machines caused by electromagnetic noises.
Therefore, the safety securing means of a machine should be so fail-safe as to exactly prévent any
accident by stopping the machine in case of machine failure.

In view of the above consideration, this paper describes a theory of securing safety for such a
system that enable men and machines to cooperate to work each other, and examines the validity
of the system configulation theory proposed for a fail-safe system to achieve such a system.

Chapter 2 treats the safety promotion process through many experiences of accident. Such a
conventional safety system that people accept the occurrence of a hazardous failure owing to the
probablistic reason are discussed. This study is based on the concept of fail-safe that never accepts
the failures of hazardous side.

In chapter 3, such logically unate relation that outputs energy only when safety is confirmed is
discussed. Energy used for the industrial purpose is basically different from the energy that causes
natural desaster. Industrial energy should be normally controlled and any disastor should be avoided
in deterministic (not probablistic) manner by means of fail-safe control technology. The reason for
deterministic safety based on logically unate relation is explained by a thermodynamic model.

A logical structure of safety securing system is discussed in chapter 4. An accident is analysed,
and the accident process is expressed by binary logic. The safety defined as the denial of accident
can be indicated as a confirmation of safety by means of safety signal. Such uncertain condition that
safety is not confirmed should be judged as hazardous for a reason that safety must be guaranteed
by all means. This truth is concluded as the “principle of safety confirmation”.

In Chapter 5, an evaluation of safety is newly proposed, and in chapter 6, a model of the safety
man-machine operation system attained through formulation is actually applied to the working site
where men and machines are collaborating each other, and the validity of such model is demon-
strated.

Keywords; Safety, Safety control, Fail-safe, Inherent safety, Fool-proof, Interlock, Logically unate
relation, Safety confirmation, Safety principle
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Fig. 1  Energy accumulation and transmission.

IXANX¥-BHEEFE



Bl 2L, FZEROTRITIREE TIIALE = AL ¥ —HEHE S
nd, ZOBFE, BIEORBRZ Y PV ORFT (B =
1-0) SEOHRFTELL L) (&'=0), 2WiZ
MBEZANE -2 —ZICRBT 5, TNHIEREERT
Hbd, TDEHIT, TANX—DLEBIKIEL RT3
BiEL, RRBYPFIND, FORFP LI, =
NDEIBRVRATALTIE, BHIEROMRTR L2
LERDIB 2/ Lhnwizd, N0JIlE, Y XF205
BREAL, FREBICLPEREPTRELPENNELT
BIZHDMEITELRDOLNE, 7z—NE—TL R
T AT, D& LfERBIOEERCHEME I X HTLIREY
CEIENALRATLL IR L THRbLNEY,

32 IETHRLADITXNLF—

3.2.1 BEERNDZ AN HE

BARREICBWTE, ZANVXF—0ERREZ HIH
THZEIEFILAANDTE, FNETFHECTFRITS S
EEEELY, L2L, TRENHFAT L ZALF—I3
ANZE->THIEHIN G, 72770, E£2ETHRNLS
IZ, TORENIOTHIRINT S LIZR LT, Bk
K2 BSFREMES D 5, AETIY, BMEELZ XL
XF—OfEE A% L, ZFOHBEIDIRY o3 L TEKE
EF2ERTLEODD 72—t —7122nTHT 3,
fabk 2 ) BEMEO/EEMM (N2ET) ok
F—E3EREELLWEW) TR (REDMER) o
TWTHAZINSG, Ld T, XeREOH = A
N¥—%u, fEERREOHTZANLF—% @ & TRIT,
KDOPNERDPEIT 57,

u >y (6)
Safe state
Ul
(time)
u' u'

Hazardous state Hazardous state

(a) Energy output in safe state

S
Safe US
(Safety) : Energy output

E*

Normal
(Reliability)

(b) Interlock model based on Uneit-logical relation

Fig. 2 Condition of output energy.
HATHRLE—-DEMG

FERE MR RS  NIIS-RR-95 (1996)

X (6) (dFEEE A= AV F— 1L ~UL & LT Fig. 2(a)
TRTIELHFTES, 2L T, ZANLF—u 3Pkl
EHBHOTREINTIE Lok, Thbb, Hhx
ANX—I3, Hhw THENE L XITHH w384
LTRZ6%0WA, M ThaRELEHF W &
A EIFFFING, HlZE, FlESo Ry M ECB
W, IEFARERFCHEIWTIR L Shn, B XE
RRiCIEZ A2 L3 E3NE, —F, TTIRENLLD
2, MBIl —ERIALT—REBL LTEIZEF->
e, HEWIFIERETLEFEITFI N WK
RV, BFLIBALVRL W b2 L HINy
WBADFAET 545, ZHISH LTI 0EERm 2B
Thb,

322 7z Nb—7LZRXNF—D%KMH
BERZ2HAELLZWR 6) ick i, e Bk
BTRKELZANTF-EZIHIINEV, ZRAALF—D
HAREZ UsTRL (WA 25HEME 1 T&Y), &
L RTREREL S (ZL2%2WmEE1, ®&Thw%
0) £¥52&, K (6) DEIMRIT, KORERBMRICE S
HZHHNB,

52 Us (7)

CCIRHMERESEA P REEY (EoBFHLH
) 2RT. Thbb, R (7) DEMRIZ, 2 oDHREHE
PF1>0THbdNDE LT, Table 1 DEIER TR
2Nnb,

R (N ICBWTHAF—FH L WKRIR, Thbbi
ETHH>THILTLLIZANF—HH Lo wRiLig,
Bz X, BRERFERT I HHMHET TRE) L
MICTELRNWEWIFATH S, LI BEETH-IL
LTHENDFERTEL WEAYFDY, Cnk sl
ANF—HAEFLETREZ LS, R () DAL
M BRIZ, Fig. 2(b) D&k B4 P —ny 7 EF
NTRENED, CnkHI, RIcRETHBIEP)NT

Table 1 Logically Uneit relation (S= Us)
a4 b LRERRER

S Us
1 1
1 0
0 0

0 1
[: This combination is prohibitted.



BRI X T L DFEAEK

i, HETHLI P VE BRTRT LI, K
(19) DELEE Sc) AW THER I N ITUE, &Y
D TREy i3 b7,

Tzt —=T7IBIFEIZRNEF—DRAHEIRK
EOZBADZANF—LIBARNICRL 52 L 2RTR
DT, TITHDTC, L ThHHLEEHEINSL=A
NE—RR(6) LRI EE L, $EEEE B*ET
nig, BEE=ANVX— BIIRATERE S,

E=S-E*VE*- £ (8)

ZZIEy 13, HER (BF = 1) oA NF—ERK
BERLTWD (ZANVF—2EWT L L & 2R
1, EEL2we 2 2HEE) ., HERFOZANLF—

ERZESREND L EIZRY, &’=0Th b, DKM
Az, BRI ANLF—E2 A NLF iR &
T2HHLWEHNZANF— UsiIRDOWEALNEXTR
INb,

S2E2Us 9)

HMAZANE—Us =1 3RETHIENAEL, —
FHUs =012i3, BREEAEL ) ThBETHR
TELXWEALEINE, R@Q TEHL7z—V
t—7 (Hsqe =1) 13, FEBAOBIEZE F R
TR (6) (u>w) BEHT B, 27200, TFIH<F
TUES=0THDBIENRRTH S, 22T, &XHT
£’ =0 DEMBITOWTRITEZ 5,

3.2.3 =& A4 b iRENEMR

Ak, RETEIRZ, FIZIZREFEROWELRDL
Hodh, FORBTEREELIIEEFLWEWL) &
Y ICHEERICEDL, Thbb, BEFRICL GRS
ThHdHEW) W CHOEIRZ ZEITTLIATALT
34 I I ERRAEAE S N, R(T) T
IRINB2RA P mBENER GREAER) 3,
EMIC L B RERIR ) BEFNFRTHBIEI» Y TE L,
FOEHDIDOEEEFRELTWAEICERTNE
ThHb, £ZT, Riczr 4 M RBENBERZHHET
LRI OWTHRE E M 5,

Bz XU, BEIOLREE, o hbeE—
FRKKEE L THREINS, COEFA, HEICL-T
IANKE—EET 2 b0 ThIZ, Bhzrxr¥—
DEFIRIE (HECRIBEPEL) L LTTRTES, 2
DA, WIS L > TEZ 2HREBIE, KRN0 L9 L#h
JIFEBRE LT TR 3,

e=es-e*Ver &’ (10)

WHEERe, esi3FNFN, BEIANLX—, Moz
FNX—ETHY, e IFEEHOBRME, &' I3EH-A

NE— e DEBCRERZ RT, 22750, TN5I3 24D
EDRBEEHTRLTNS
E%&ﬁ(e—l)kiofi%wﬁ—ﬁwﬁal
ANF-DFAL, KER (& =1) ITHAZE$
2N ZEHERE (R (10) 13, Fig. 1(b) D &) ZxT*
NE—BeshBFO7— FORBETRRTE S, 2D
A, BEREE () —<NA—Tr547) DEHY
V—EFNANTELTE), EERCRESZEALME
ERATV, REERFSFA L 2 EZ 1D 5 2 &L THEAD
BACHETH S, BHEHROZ AN X —EFEREIZe=0
ThHdHH6, R (10) 13, BHIIKRNTRINS,

e=eg-e* (11)

ZNEHI, R4 b mEERIE, BRI A
NEFAZEBBICBIT2EIIZOREZ HATHEHES
NTw3, 2, TNIFKRD L LREDERKIUH
JIBRICLERAINS,
(a) HENE LY

Fig. 1(b) T, &% & & eg2 WL, ®ETXHW
LEINEBPERLZWETRE, ZANVX—eldZe
POBELLOLEDAEEINS, Thbb, S2e
Thbekice>2e ThHb, DL VRERIL, —K
CHENE L LI, BREERTIANT—Z2E
BERT VY, FI21E, BEPRETIBEA, &
BT 3V 2 Vv —2Th b,
(b) FEHREEHREt Y

2512, Fig. 1(b) » e*DBEE KL L & EITITW,
BETHWE SBERZRDLHER, BEE2THHIL
PIZANFK—eg2FIHLTEL B L o BREIHBRE
LY EEINDG, COBE, S(=e)2eThbLE
biZes>e TH b, Fig. 1(b) DEREY) L — 1T/ K ITHE
W Z AN X —2BHET LD, TONNRDIANF—
PRE SERL, BREHALS, £/, B2ThWE
XFIHED L BT NF N ANLF—RHEERLT
BEPHEE, e=02FEHRLTWS
(c) EhJIEWrR

HaMREOH ) Us 2 AT TS, EF= AN ¥—F /210
MBEBIZANF—HFEEINE, Thbb, BROELN
b3 (10) DB BN —IRIFEICRE ) L L X
FUE % b, ORI T AL X — D ETEATE T
FEREDFIEIC & > TRRD & 5 cFEIT 5,

Eg=Ug-Eg*V Eg* £épg’ (12)

Z 2T, Epl3foES) (7230 E) A ANVF—D
EHE, Ep 3 TnEER S TOREE, (ps’ 3T
FNX R (Ep* =1) OZANXT-EHREZ
SRTHREERTHY, 2T 2ENERETELTCNS



— 14 —

Bl AR EE TR = A L X — D7 <
€’ =0TH5b, TN, FIZIFBEL2HFLEIED
PR TEHZELETAZEPSHLLTH B, —
iz, fERRELED TS OMIEL ZBRA2ET D, &
Bz AL X — 2 THRAICIHER S ¢ 2 B TRIET L —
IPERAING, RN (12) DALY (ZEFR E*D
BKLGPIRTWHELT, 759F/ 7V —FL R T
LIEHB, TNIFT Ty FETV—FHFENREED
BIRTHERING, Ep* =137 5 v e8I L TEix
L, BZL L &Ep*=1T7Vv—%2{E8IT 52 & 12
Lo TRHRBFLEEERL TS,

DE#RR7z& 90, EEgEEBFLTsHnass
b RRERIBSARLT, FEi, HEICIIEGERRIC IR LT
HAZELZWIBEEZROTEY), Zokl, Fig.
1) DEHiZ, 20NEHRIANF—DEZRIIB W
T, BERFEZEINZWIEP ) T TTREES N
PRI ANK — & BTIHET 5 &) B ERBRED
bORFHTHLUMNMCIBERTELRVWEWR B,

4. REHEDBRRE

4.1 & P [E5Ee ) 4D

M2 4 (Safety)) I3, F#EFHEIL CHEYT 2 BET
ETIHMETHEEEZ NS, BE, A, FHRD
TRIZT-T ek LHBT5EE, 2NETHF-T
WIATE) (fEMRATH) & I3BIICER O ERATE (%o
TEREREL M) 22, 72750, falamBEs, B
REIZETIEP Y TLL, P & bBEROER
FTITIEEEZ RIT L T2 TS &% v & v B
FEIHIR (RS 2552 LIRE) T TL AW,

Fig. 3(a) IZfEMREEEDBEE RT, R ET R
RiCHP»->T) TET L&, BREE ZRAIZSEK
PEIRTHEADPDONTNHIT LI, 2T, TSy
THEIR GREM 1) LERTEW (0) D2MEET 5%
BER HA(t) € {1,0} TEL, TRORERL toF T
DXE (Hd(t) =1) TRERFPELLY HOREF
RREDELERMETS) £T5,

fEPRELREICIIREIZ E L, L d, D & HER
DERIE TIIIEELZ T T 5201213, Ald, &%,
to & D +FREICHL t, 2 D, Bralt, 2 B/ERS T
faly L R LEREROITE BT % Fig. 3(a)
DERDO TR L B, ST, fElRE 2EDOHEERK
Hs(t) € {1,0} TERL, il Tchr L x% 1, fagTh
WeEE 0TI, B LBEokiBI, ik
DBRAEHRD 5N 5 FLERXM Az(t) € {1,0} (FHOA
ZE1, AR LEO0) &, ZOBOEIK HA®) 24
bd, ThbbElR Hs(t) XX THEI NS,

FEXERSWEAMNZHRE NIIS-RR-95 (1996)

Hs(t) = Az(t) v Hd(t) (13)

2 LICEREBEDFIT E 2MHORAERK wk (t) TRL,
EiTR L R LR 0 TRT L, GREE wk(t)
i3, ERTH B &) Hlr Hs(ts) =1 TBEE I,
ZXE Az(t) THA(t) =1 %2FBIL, ZDOEED 2D
DEAREAT) 2 LIT% 5, FERELEE we(t) 13, AEX
B Az(t) iIct LT, D% LB A22E (T4%b
L) HH-oTIh b2 wEERE LTRRDEMT
EXTR-F (I

Hd(t)(= Az(t)) 2 wi(t) (t=ts ~ o) (14)

MR w(t) 12, BI21E, SREMES TIEIT OB
~NOEEDHIE (Hs(t,) = 1) OF i BT E8Hsb A
SEOHRE T BIECAL L, K4 5 TIHLERE
TIEHT 2 Tk OHBFCHBES 2 Bk 3 72 135
HERT, WERES % T 2RIEICHLT 3,

_ Accident
Ha A
1
Ha
0 g
Time
(a) Hazard avoidance
1 ....................
An Ha
0 >
. to
Time
(b) Safety confirmation
He >
e
MHt) | Selte)
l ...........
Ax An I
e mc d
ts t to

Time
(c) Safety control system

Fig. 3  Safety control system based on accident predic-
tion.
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Table 3 Logical relation of princeple of safety (Hd> S.).
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Hd(t)| Se(t) States of safety recognition
1 1 Recognize Hd(t) = 1 as safe.
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¥ Condition “Hd> S,” is unsatisfied.
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