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8. Conclusion
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Abstract; The aim of this specific research was to promote safety of aged workers engaged in non-
steady operations. To realize this purpose, several safety measures were proposed based on physical
and mental characteristics of aged workers. Results of these studies are summarized as follows.

(1) Development of safety control system of heavy work handling by the cooperative
control of crane and manipulator. '

The automatic work handling manipulator was developed for assisting aged workers who handle
heavy works by cranes. This manipulating system controls compliance of the manipulator by a
friction torque of an electro-magnetic brake. A cooperative control system between a crane and the
manipulator was designed to position the heavy work accurately by the balance servo control.

(2) Development of chasing carriage vehicle.

The chasing carriage vehicle system was developed which enables the vehicle to follow the aged
worker automatically. To realize safe and efficient chasing, the vehicle was designed to have functions
that it keeps an adequate distance between the aged worker and itself and to stop in the event of
coming up to the worker or its failure.

(3) Development of safety systems of automated warehouses for assisting aged workers.

The manipulating system for trouble-shooting, the safety system for picking operations and the
safety system for manual operations etc. were developed. By the first system, an aged worker can
correct the arrangement of loads on a upper lack without entering the movable range of the stacker
crane. By the second system, a worker can also carry out picking operations without entering this
area. By the third system, a worker can avoid a crash with the stacker crane when a worker executes
trouble-shooting, repairing and maintenance.

(4) Development of safety device of laser beam type for compensating visual ability
of aged workers. '

The safety device of laser beam type was developed which confirms the absence of human body
in the movable range of stacker crane automatically. As a long exposure of the laser beam to human
eyes may be harmful, the one-shot laser beam should radiate during a very short period to this
movable range. The exposing time of laser beam to human eyes can be reduced within 27ms.

(5) Development of start-up alarm system for reducing work load on aged workers.

This system sounds the alarm automatically by the start operation and permits the machine to
start when it confirms that the alarm autually sounds without fail. The sound frequency of the
alarm is set around 300 Hz, bacause aged workers have a tendency of missing a higher frequency
sound. . ' ‘

(6) Logical Study on danger zone guard system in automated warehouses.
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The danger zone guard system can be divided into the safety stop system and the entrance protec-
tion system. The former system is the emergency stop system which stops a machine immediately

after the sensor detects a human body entering the danger zone. The latter system is the guard
locking system which keeps the entrance door to the danger zone locking until the machine stops

completely. The entrance protection system is preferable for aged workers, because it can prevent

them from entering danger zones perfectly.

Keywords; Safety, Safety control, Aged worker, Fail-safe, Heavy work handling, Automated ware-

house
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