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Abstract ; The technical terminology “Fail-safe” is now used as different concepts in various

. engineering fields. The discrepancy sometimes brings about confusion to the discussions on safety
among the different engineering systems. It is important for carrying execution into safety plans
for mechatronics, especially robotics which consists of overall engineering systems, that a
generalized methodology to conceptualize saftety measures be established.

In this paper, first, hazard restraint measures are generalized as the following four principles,

based on the “Action-change and Action-chain” hazard production theory :

(1) Careful selection of system elements,

(2) Prevention of undesirable changes in each system element,

(3) Inhibition which prevents the system from transferring to a system phase in which a

damage can be brought about, and

(4) Control which prevents the system from causing a damage after the system has

transferred to the system phase.

Second, hazard control, which materializes the Hazard Restraint Principles (3) or (4), is general-
ized in terms of a “Dissociation of Action-linkages.” Dissociations of action links are categorized
by the following dissociation principles :

P, ; Control of an action-source,

P, ; Control of an action-path,

P, ; Control of an action-source and path, and

P, ; Control by substitution for a failed function.

Third, the relationships between the dissociation principles and the action link dissociations,
are given [Theorem 1]. Here, the dissociation actions, which act an element and are necessary
conditions for dissociation of an action link from the element, are categorized as follows :

(a") ; Energy-transmission type,

(b’) ; Information-propagation type,

(c).; Agent-transfer type,

(d') ; Supply-obstruction type,

(e") ; Existence-form type,

(f) ; Function-cessation type, and

(2'&g”) ; Function-substitution type. .

Next, the fundamental relationships between the dissociation principles and the dissociation
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actions are given [Theorem 2], and the schematic representation of the dissociations is shown in

Fig. 2. Control chains, which link a dissociation element and are necessary conditions for generation

of a dissociation action from the dissociation element, are introduced. Control chains consist of
control action links. Control actions are categorized into types “a””, “b””, “c””, “d””, “e””, and “f"”
like dissociation actions. .

Then, reversal action, which, are produced by a element’s failure to generate a control action
or a dissociation action, are categorized into types “a”, “b”, “¢”, “d”, “&”, and “f",. The
fundamental properties of control or dissociation action reversals are developed [Theorem 3]: For
a reversal chain resulting from a reversal of a control action link, the fundamental ﬁroperties are
given [Theorem 4, 5, and 6].

Finally, quantitative characteristics of the control actions and dissociation actions are
examined. A single-direction fluctuating action link, where the strength or property of the action is
controlled in a single direction, and a dual-direction fluctuating action link controlled in dual or
more directions, are introduced from the quantitative aspects of action control. Relationships
between dual-direction fluctuating action links in a hazard control system are given [Corollary
15]. Relationships between control (or dissociation) action types and single-direction (or dual-

direction) fluctuating actions are given [Theorem 7].
Last, architecture of hazard control systems is demonstrated by examples involving robot

failures etc., (Fig. 2~5).

Last of all, some discussions are made for carrying execution into effective safety plans.
Keyword ; Hazard Control System, Conceptual Design, Fail Safe, Fault Tolerance, Redundant
System, Safety, Reliability, Robot, Buzz Saw, Sensor.

1 FL®Ic

A4 7uar¥a—FDERE, BIIBIBITS
EEVRATLADEEDOA ST, HEIELR YOREF
BPREMAI Y 2 —<#BIcwi23 7T, Brok
WM AT LD0b®E Xh ba=z A{EOEREZEL
Twb,

IOLTeAH b= ATIE, VAT LAORLHRA
LDz, HFLEREFEMBPROENTHE, Flz
W, R CEEREEERERENL EEbh 3, #
EOBFEHEE BT 2 LLEEMOBERARREAT
b, WbOBIRBEO 7 2 A V4 7EMI11%), &
Bz EDVWb® 2 BEHEERMN (34%), WEZK-E
8/ (36%), 7—NTN—7 (4%), EREKKEDE
B (9%), ZDOMOBAN (6 %) & EFE LR
ML D BLEBEHENTHBE I b Y,

AH =7 A0 THECoRY ML, BER,
EXEIR, #IHR, 2o IhReLON—FERBLUA
THEERERT 2200V 7 VMERB P I¥eMch
TR EREANSE 2D, FORLEH LB
BN EBRLHEDOEMSTIARTH 5,

BHIREFTEIIROBEBICKRFIE L S :

(1) BERRORE
(2) WEEERRINGIEE OWRES
(3) EMRILEMERHE
4) EENZREMEFHE

Ry N OEFIREFEEEQ), (3), WizownTid,
XHEA(2), (3), (4), (5), (6), (N EWC LY, ZO—KH
FERPENT - AT VBB RENTVE, 23
T, ERDEEMENTFETH 5 FMEA, ETA,FTA,
HAZOP 7% ¥ DR HEHFER, »Ih b BRZLstHE
W), (3), WENRELEDBDTHS, Q%HE
L7 R ERBHEE I N T I b o7 Dix, 3k
DEFIREETED, PIZEZEFH7S > b, {LEEE,
FH - MBEED L WIIEER CE—-DEM - KEE
LCGERARNLRICBESNTERLIENERELT
hiFonsd, chET, ZOEBROKNIE, Ax0T
FURROIFANN—PNZEDLEINTEY, ZOBR,
B3 THERTHIEL CHETRER, SENLE
EERERERICIH L - BERRIMNEEED S X 7
LrEETZEFOBREBZENTE ST, FOHAE
FELVEIL TOLEWORERTH 3,



HBIERREIE Y X 7 A ORBBRIRE L LT

fe & 203, BEARIFFROVEDELT “T =
ANEeL 7" OBERDTFons, ZOMRIL, Tk
HEESOSHFTHVON, EERKCERELLEE
DFIERELREVEHECIETEE0RSI5DTH-
7o MIETI, “Zx2A40%4 7" BEFHSS >},
MZEORET s COLE 2B THW N, #IZ2IEH
ZETRDI2EBOTNEREEBRTIIL%: “To4
k47" EEATVRE EIICEDEKRT S L2 208%&
FETRERZ>TWBEY,ID LS REXIMEELD S
BEOTEER, BIEEYAT LADREHRBICEL
b6l Tw3,

oRy PREDLZEWN  SRERECHERShLE
Y AT AT, BEESEEQ)DER b R
fTonB ZEBBETHDB, 22 THRIRTIE, [TEH—
el E[ER—EEHET LY (UTA-CETNV) I
EOX, RETRECRNGIFER2MEREL, 3ET
REEERHEAROEBREE 2 [ERSEOEEER |
ELT—RELT, B2 THAERMICHEBL -2
W B EREIEAROBESEREHE 2T 5 L L b,
ABETROL OPDOEYRT AZBIT 2 BERREH
ROBREZTRT, '

2 BERRROINEIEE

~ Fig. 1 BEERo Ry + ROEEE Hicxd28E
ik A-CETNVRIVEELI DD TH S, 52D
BIEEEN TRy MEDwie L& {HheoR), fi

—©

ELEMENTS
H : Human
M : Machine
R : Robot

Actions
a : Energy-Transmission-type action
b : Information-Propagation-type action
e : Existence-form-type action
Changes
(h) : Human’s approach to robot
(@) : Damage in human

Fig. 1 Hazard identification of a robot by A
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Fig.2 Dissociation principles and dissociation
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Symbols are as in Fig.3 except the followings :
F ; Fail-safe fu‘nction of sensor

f' ; Function-cessation-type dissociation action
a ; Energy-transmission-type reversal action
(s) ; Short-circuit failure of sensor.

Fig.4 Conceptualization of a hazard control system with two a-type hazards
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Symbols are as in Fig. 4 except the followings :
N : Environment, I; Air-supply system of robot, T ; Transfer system of robot,
A ; Structure sub-system of transfer system, D ; Driving sub-system of transfer system, -

S’ ; Fault-tolerance function of sensor,

g'&g¢’" ; Function-substitution-type dissociation action, )

a" ; Energy -transmission -type control action,

¢" ;Agency-transfer-type control action,

f ; Function-failure-type reversal action, (s) ; Sensor failure,
P, ; Function-substitution-control dissociation principle.

Fig.5 Conceptualization of a hazard contro! system with rescue robot
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Fig. 6 Conceptualization of hazard control system for buzz

saw machine
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