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6. Systematic Safety Assessment Using an A-C Model
by Yoshinobu SATO*

Abstract: The strategy for ensuring the safety of man-machine systems is:

1) To incorporate a fajl-safe mechanism, and if this is not feasible, 2) To apply a fault-tolerant
configuration, and 3) To execute equalitative and quantitative systems analyses.

In this paper, first of all, the concept of hazard-space and hazard-sets is introduced in accor-
dance with the A-C model hazard-production theory, and the definition of a fail-safe system and
a fault-tolerant system is generalized, which results in the system condition for structuring the
fail-safe mechanism in a system.

Next, an actual man-machine system, which consists of aged workers and movable lifters for
supporting the workers, is assumed. And the main hazards of lifters to the workers, which are
produced during the operation of lifters, are identified, and hazard-control systems are structured
using an A-C model. The applicability of a fail-safe mechanism to the hazard-control systems is
explored systematically, and three design tactics for the hazard-control systems are presented.
Then, qualitative and quantitative systems analyses are implemented using fault-tree analisis,
and how to obtain the optimam design tactics is shown. Finally, the effectiveness of the hazard-
control systems is assessed by evaluating the statistically-expected-number of occurrences of
the systefn failures (top event of the fault-tree) and compared with the residual risks of other

systems.
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£, (Ebl) BLU ) 72 0EhE,) (Eb2) EZA ki
BRIALT 5T LITL DERT 5, FRED2 (3, kD
KB (Bcl) BIO T vy X v 7ok (Ec2)
ERHFELICHILT LI LICLYERT 2,

HAR " Hazard 2 | (Ea2) i3, (E¥EE»ELEE
ETFBTHEMCFEET 51 (Eb3) BLU THIIEE
DOFH1 (Ebd) BRI TS S LTk DAl
5, BRED3II, ") 75 D#BRMEIE) (Ec3) BLU
MERE D) 77 ~HERLTBET, (Bcd) 2L V&
$5, BREC3 3,7 72 »#EH, (Condition 1)
ERUFL LT ") 78R EnFLERE) (Bdl) 7243
T vy X JENREILERRE (Eb2) DT
nriz kN AERY 5,

FHR T Hazard 3 1 (Ea3) (3, "{EEEIFEFRICHE
£ (EbS) BLU "% T 2, (Eb6) ERAILITHAL
THIEICEVAERYT D, EREDS 13, ERELS T
DI — b (No. 1) Ic#EFEI NS, EHR Eb3 I3
"WEZE») 76BN &9 &35, (Ecb) BLU
MEbnd ) RBRERT S D&y (Eb) »idkic
AT AT LITEVERT B,

E4 T Hazard 4 1 (Ead) i, "EEEE SIS
FAE) (EbT) B LU TEE{EXB ICBRORLE, (EbS)
DERICETE LICL)ERT S, FR Ead 1T, F
% Eb3 To#s#i7— b (No. 1) IC#EFKEI N5,

652 JMhy &S

BNy PRAERD LT NI XA, Seman-
deres DTV T X4, Fussell DTN T Lo, B
& U Vesely and Narum DTN T ZLEHRH Y,
rNFROT LT X Ld 6 ELRAFT, MOCUS,
PREP 2D a v Ea—27' 075 LHHK - K
INTna,

Fussell D7V ) XA K W RDBANA v M EA
C; (i =1,2,3,---,7) B L NIz .

C1={Ebl, Ecl, Ec2}----vvvvrevrur-.. (6-16)
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Co = {Edl, Ec4, Eb4} - -vvvvevneannn. (6-17)
C3 = {Ed2, Ec4, Ebd} - --vvveeennen. (6-18)
Cy = {Edl, Ec4, Ec5, Ec6}----------- (6-19)
Cs = {Ed2, Ec4, Ec5, Ec}----++----- (6-20)
Cs = {Edl, Ec4, Eb8} --vvvvvvvrein... (6-21)
Cy = {Ed2, Ec4, Eb8} -+ vvvvivvernns (6-22)

6.6 EERHBEN

6.6.1 ZEENFEDAHOTZNLITY XL

ROBREEZFMT 29 2T, &b K% IEE
i3, BT Zbb7+—N Y —THEEROFHY
MFRERKTD 5,
m?f?m%7w—wb/u—(mg65y@mi
BROEROBEL t (BT 2 BB 472 ) DFEH
E’Uﬁﬂﬁ%%@%{w{E}(t) {3

7
w{E}y) = ; w{Ci} )

+o ( i w{C’z N C]}(t)) ~~~~~~~ (6-23)

2T, w{C; }(t):biUw{C nceC; }(t) (1,7 = 1,2,

3,---,7) &, (6-16) ~ (6-22) THZ b »

b %Azfo’ FUENEEADEZENORL t CBITIH

RLEERE 72 D ORI RAER K TH 5.

6.62 HAEROTELrTHLEROMEMIRESE
FE7AITY XA

_ﬂa%is@%k BMLTRORERZES !

(1) fee813, Fihao [H /] RIS DA
D, ZZicFb ] XX %5,

(2) TR{ED KB (Ecl) BRORBERII g [H
/' Bef] (Constant) TH %,

(3) 4 ¥ 2 uv X 7iiEn MTTF (Mean Time
To Failure) (2ay ' (] (Constant) TH Y,
Rk 8 13 by (R ] SR ICIBEE N B,

(4) 4 vsayxr 7 BEOWEIT, BRI
(BoTHALTLE )ik L REHEE (1B
HIREBICH D L WREE) »6%0, 4~
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Sy kL SN T 2 — Nk — T Ey R

LIICEFET S .
v = AR SRRESR ks - (6-24)
2717 L,

fffER= (R RS+ R h iR R)

(5) fE¥H 13, BEDLD ) 72 ~FHaz B/ K
M) #&L, £oBENCIEb;  [E] B
T 5,

(6) V 7 ¥ Atk ikigfED MTTF ixa; ' [K]
TH Y, WERNEI L, (] RicEsE S
nas,

(7) BR Eb3 DEMH T CRBEBD THIFRET
5FERIL, p; (Constant) TH 5,

(8) V78 DRMFILDFEHTTIREE D) 75256
BED &9 &9 BHERIL, g2 (Constant) TH 5,

(9) fEZED) 75 6N &) LT HEMETT,
FLHEWE IR T I LIk T AR
i3, g3 (Constant) TH 3,

(10VEIELE D) 77 ICERFORFRORER
13, g4 (Constant) TH 5,

DEn&MLy .

(4) BH Ebl n4E#RIZ, EHRER,b /(b —
a1) (B ™) LIBMERD DIERAHTEFMLEN
5 (RE1),

(7) FRHE2 04T, DF v o uy X 7HE
% Plan 1 (Table 6.1) £ §5 &, ERFEEFyark
BEBO,DISHESH T, @ Plan 2 T, EHRER
(1 — 7)ag L EERLDIEHRS TENENETNALE
nad (RE34),

(>N) FEREAL I3, EEFRER LEERDIREK
SGWMTETMEENS (RE6),

(=) FREd2 0&#EIZ; @ Plan 1 Tid, EHFE
(1 — v)ag L IEEEbDIFEH T, © Plan 2
T, EBREFvar LIEERLDIBBFHTETNV
{L3nsd (RE34).

(R) BR Ecd D43, EHFEERazbs/ (b3 —a3)
LIBERGDIFBAIHTETNMELENS (RES5 ).

(~) 2508, ERIEDNY Yy VEAVPRILT 572
Hicid, FERE2 A Ebl I, B4 Ecd »*Edl 8k
W Ed2 iz, E4 Ec4 »* Eb8 ICZ N ENHEI - TH
LTS 57w,

ERBROREIFFIEET 27+~ b)) —TH

ERE TR 5HeE RIIS-SRR-90.

FEREOFEHIRERBEG T L T ) XA, RS
Kk > THIEES N T 31516)

Zx T BEER L 25 A0E EES 00
AR W(O,T) 13, =R (6-23) 25 :

W(0,T) = [y

L, EEOTA ) ZAWI) 2w T
® Plan 1 {23 L T ;

W(0,T) = yqraza1(T — 1/bs) /b3
+ prasaq(T — 1/b3) /b3
+ (1 —v)p1razaz(T — 1/b3) /b3
+ g2g3a3a4(T — 1'/173)/173
+ (1 —v)g2g3a3a2(T — 1/b3) /b3
+ qaazas(T — 1/b3) /b3
+ (1 — 7)asazaz(T — 1/b3)/bs
ez,
aifb; K 1,T > b; (6=1,2,3,4) - (6-26)
@ Plan 2 # LT ;
W(0,T) = (1 —v)q1aza1(T - 1/b2) /b2
+ prazas(T — 1/b3) /b3
+ vp1azaz(T — 1/b3)/bs
+ q2q3azas(T — 1/b3) /b3
+ 792g3a3a2(T — 1/b3) /b3
+ gaazas(T — 1/b3) /b3
+ vg4a3a2(T — 1/b3) /bs
727E L,
ai/bi < 1L,T>b71 (i=1,2,3,4) oo (6-27)

6.6.3 ROBEERE
ZIT, A2 uaydxr IENREARSE, Plan
12 Plan2 TELLPENTWEPERFTL L,
R (6-26) &R (6-27) X ZNEFIRD & ) ITEE S
na:

W(0,T)plan 1 =7X + (1 —7)Y +Z ---(6-28)



A-C TFNICE B Y R T ARRAVESHE

WO, T)Plan2 =1 —-7X +9Y + Z ---(6-29)
ZIT,

X = qraza1(T — 1/b3) /by

Y = plagaz(T - 1/b3)/b3
+ g2q3azaz(T — 1/b3)/b3

+ qaazaz (T — 1/b3)/b3

Z = pirazas(T — 1/b3) /b3
+ g293a3a4(T — 1/b3) /b3
+ qaa3aq(T — 1/b3) /b3

BE, Y <1 ThHo2 5, X (6-28) B LUK (6-29)
&,
(4) X>YTi3,

W(Oa T)Pla.n 1 < W(Oa T)Plan 2
(m) Y >XTI3,
W(O, T)Pla.n 1> W(Oa T)Plan 2

Lt B,

EHEERORERMBEIDLEEIEE Ln, 22
T, X >Y%5Plan 1%, Y > X% & Plan 2 ¢
ROBENIRRTELE L 5,

6.6.4 MBORLNDY X DELE

BIEE CICEAL2qr,a2,a1 - T EEARBEBRORK
FHEE, ERORDOREFRMFRERRERMGICL-T
BT 5, LT, FLWROERHTH -
T3, B2EFET L T) XLDRFOAICEL ¥ %
5%, TNLHFABKETAT—2OWED
BE L% 5308, RAWFEEOT LT XA, ¥
NDEILET—=2ZPEITREPZORELTING,
ZZTIE, KDL LFEHNEZEZL SNERDBESR
fRicxt LTHREY X7 25HET 5 ¢

a; =1 [E/8/M], b7 =3.6 [B]
g1 =2 x 1073 [,/ wf]

ay' =10* [BeM], b7 =30 [%].
y=10"%

a3 =1 [[E/K#], by =36 [#]
agt =10* [Fef], by =30 (4]
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p1 =103
g2 =q3 =107
qa=3x10"7

2

zngn,
X =10"" x (T -1/2),
Y =11x1079 x (T - 10-2)

21850 T, Plan 1 ENE&FT L% %, Plan1 %
BALCEDRDERBNBAERE) R 7 (ET5K
ENTRTCEZREKEL LI2EREY R7) Rvmaxid,
R (6-28) £V :

Ryvax = W(0,1)plan 1
=22x107°
[DEATH/HOUR . COMPONENT]

i, REOROEMRFRE) X7 [ EHARER
FAFOEESK 107° [ACCIDENT/HOUR - COM-
PONENT]; EEM v Ky biciTizh 2%k 107°
[ACCIDENT/HOUR - COMPONENT); H&i#E "
SEr-Ei#K 10~7 [DEATH/HOUR - COMPONENT]
RELHBLTLEBIPTWENT D,

6.7 #& g

A TIL, HB&) 72EBIRBORLEIIONWT
ZOERREE NG E LTEME L2, 9, LRI
BB 72— k=7« YRTAEOWT, BE
EREANHSLZEALTERL, OB R
PEHLMPICL, KiZ, A-C EFNLEBEWTUEE
ERCETIERERKRERZEL, HEER ([ 2
0y X v 7)) REAER L CRRERREA K
THT7z—)t—7 - VAT LADBERAKEZHLHIC
L7z 2L T, ROEENS I VEENBIT 21TV,
4 voayxr 7BEBEORBERI HHRED FiER
RL72, @61, ROEKRILEREFERZEREL T&
TN R7 E2RDIz, TNRMBOREBNLRDEZRE) R
ZEHBLTYH, YBHEEROLZLBITEBI LW
Lhssrino iz,

(ERk 2 4 11 A 30 B H)
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