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8. The Basic Consideration on Accident Prevention Strategy for the Operation Executed
by Multiple Operators Cooperating in Large Production Lines*

by Shigeo UMEZAKI** and Shoken SHIMIZU**

Abstract; There are many hazardous operations executed in large production lines such as the operation of
trouble-shooting, maintenance or cleaning of machines. An operator enters in its line for these operations while a
machine is stopped. In this case, when other operator restarts the machine by mistake, the accidental start of the
machine could cause a serious disaster.

An indirect monitoring device using a movable guard, key-switch or plug is adopted to prevent these
accidents. However, this is not always effective because an operator may close to a movable guard while other
operator remains in the line, or he enters in the line without extracting the key. To prevent these problems,
another system is adopted so that the movable guard does not open unless the operator extracts the key or plug.
However, even if this countermeasure is taken, it could not be effective if, after an operator who does not have a
key enters in the line with an operator having a key at the same time, only the operator having the key exits the
line and returns the key to the key box.

This paper shows a new accident prevention strategy for the adequate risk reduction in large product lines
having above mentioned problems. Results of this research are described as follows:

1) The hazard analysis method for complicated human actions is suggested by the matrix expression of
operator's "CLASS" and human's action "TYPE".

2) The direct monitoring system such as the laser scanning sensor can achieve the adequate risk reduction
(risk management division I). On the other hand, the indirect monitoring system using a movable guard, key-
switch or plug cannot achieve it (risk management division II) because they involve the problem that operators
forget to extract the key or plug. The indirect monitoring system using an IC tag cannot also achieve it (risk
management division II) because an operator sometimes forgets to use personal protective equipments
(helmet, gloves etc.) that an IC tag is installed on.

3) The indirect monitoring system that uses both a key-switch and a monitoring device (photo-electric sensor,
mat switch etc.) is regarded as the risk management division I or IT because the machine restarting operation is
relying on chief operator's attention. On the other hand, there is a possibility of achieving the risk management
division I by using a both key and a counter gate.

These results can be useful to the supplement of ISO11161 standard.

Keywords; Safety, Safety Control, Industrial Machine, Accident Prevention Method, Human Detection System
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device A(t)
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Fig. 4 The logic diagram of safety confirmation system
with the key-switch and the monitoring device.
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Table 4 The example of human entrance
inhibiting conter gate
REBY X 7T BHE

(a)Swing gate (b) Bar gate (c) Shutter gate

B ?_

7 Q (d) Parallel gate
< ]

—

EOe¢

(e) Rotation gate
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Execution
of operation
W(t)

Operation command I(t)

Ce Count number L{®)

J@)

Ck | Key detector

Fig. 5 The logic diagram of safety confirmation system
with the key-switch and the counter-gate.
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Table 5 The judgement of the risk management division.

B 1 g o JLRE g E 4%

27 EEXDDRE
(a) Total judgement.
HWEHIE
The type of Risk manegement division
. yp. The type of protective device The safeguarded space (X)
monitoring -
Large Medium Smal |
Direct @ | Laser sensor I I I
@ | Mat switch I I I
@ | Photo-electritc sensor I I I
@ | IC tag I I I
Indirect | ® | Monitoring the Movable guard I I I
® | human entrance Photo-electric sensor I I I
@ | into X Mat switch il I I
Monitoring the Two hand control I I I
© | human presence Photo-electric sensor I I I
inY Mat switch il I I
a Key-switch I I I
® Plug (Tamper-proof type) I I I
@ | Monitoring the IC tag il I I
human motion ®1;]® ang Tovable guard il i} I
with guard-locking
~@9 and monitoring devicice I I I
® between X and Y T~® and - e devici
@~@, monitoring device and Ior I Ior I I
restarting protective device
@) @~@ and counter gate I I _—
with gate-locking
(b) Detail judgement in the case of D~@. (f) Detail judgement in the case of(®.
D~@ni5E DEBEIE BDIHE DERMEIE
Div. ClassO |Class 1 [Class 2 TOTAL Div. ClassO Class 1 Class 2 TOTAL
TypeA||S | I|S | I|S | 1 TypeA |H ' 1 H . I H ' TorI
I
TypeBSlIS:IS:I TypeB|H @ I H . I H . I Izl
(c) Detail judgement in the case of ®~@. (g) Detail judgement in the case of(®.
O~DDIHE DEFFHFIE OBDIZE DFHMEIE
Div. ClassO |Class 1 |Class 2 TOTAL Div. ClassO Class 1 Class 2 TOTAL
TypeA||S | I|S I I|S @ 1 EI TypeA ||H 'Ior OI|H iIor I|{H IorQ El
TypeB|H | O|H | I|H | I TypeB ||H | I H . I H . I
(d) Detail judgement in the case of ®~(@D. (h) Detail judgement in the case of(®.
@~ IHAE DEEMEIE WBDIHE DFHMHE
Div. ClassO |Class 1 [Class 2 TOTAL Div. ClassO Class 1 Class 2 TOTAL
TypeA||H | I|H @ OI|H @ I TypeA ||H 'Ior OI|H iIor I|H ‘Ior I
I I
TypeB||H | I|H I I|H @ I E TypeB ||H ‘Ior O[S | I S 1
(e) Detail judgement in the case of @~@. (i) Detail judgement in the case of(D.
~DBDIZE DFFMEIE DDIHE DFEMEIE
Div. ClassO|Class 1 |Class 2 TOTAL Div. ClassO Class 1 Class 2 TOTAL
TypeA|H | O|H | OI|H | I E TypeA || S | 1 s | I s 1 E
TypeB||H | I|H | I|H I I TypeB||S | 1 S @ 1 s 1
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