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6. Development of the Safety Control System for Construction Robots

— Inherently Safe Manipulator and Hierarchized Sensing System —
by Hiroyasu IKEDA*, Noboru SuGIMOTO*, Shoken SHIMIZU*, Jian Lu**

Abstract: Recently, the introduction of robots into construction work, in which automatization and
labor savings are in rapid promotion, has been strongly desired. In building interior construction
work, for example, as it involves a lot of manual labor, simple machines are used to ease the heavy,
muscular labor of human workers. A system for enabling robots to collaborate with human workers
in similar construction work is under research for future realization. However, according to this
system, safety is not ensured for human workers in coexistence with robots, and safety work cannot
be realized by merely taking measures to prevent human workers from approaching the danger
condition, which is the basis of safety assurance under the conventional safety standards.

This study is to propose a safety robot control mechanism which enables robot arms for building
interior construction work to achieve the intended work while securing the safety of human workers.
Even if the robot happens to touch human workers, the robot should not be permitted to apply an
excessive impact or pressure over the allowable limits to human bodies.

In order to satisfy these safety conditions, the construction working robot is classified under new
robot class based on stop condition and designed based on the principle of machinery safety. This
safety design principle which all machines must follow explains the risk reduction process. However,
the inherently safe robot can be achieved by removing the hazards so that it may not produce risk
itself. The functional safety will be conducted after the execution of the approach of such inherently
safe for far remaining hazards.

This report adopted the inherently safe actuator as an inherently safe technology which could be
applied to the construction working robot, and also adopted fail-safe and hierarchizing interlock of
sensors for the obstacle detection as a functional safe technology.

The hierarchizing interlock of sensors is always monitoring the surrounding area by using a radar
sensor with a self-diagnosis function. When the human worker approaches the robot, this system
switches the maximum speed to a lower speed. Furthermore, when the human worker touches the
soft-touching bumper switch of the robot, this system makes the robot stop immediately. At this
time, the radar sensor, the bumper switch and the speed monitoring function for the actuator should
not fail to the danger side. Therefore, in order to ensure the stopping process of the control system,
the presently conceivable highest level of safety should be applied to the fail-safe and redundant
technology in combination to these devices and the function.
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The inherently safe actuator system can regulate its output according to the work. This system

has a device using Magnet-Rheological (MR) fluid and a friction brake together. The MR device can

control mechanical force by making use of the characteristics of the MR fluid, and can regulate the

torque to be transmitted from the motor output axis to the arm axis by changing the magnitude

of the current applying to the MR device. Therefore, in any motion of the robot arm which may

cause collision of the robot arm with a human worker, the transmitted torque is limited to adapt

the robot arm to disturbance, and in any other motion of the robot arm, a strong servo control

restrains disturbance.
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- Table 1 Robot classification based on stop condition.
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Table 2 Safety requirements for construction working
robot elements.
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Fig. 3  Prototype robot with safety function.
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Table 3 Main elements specifications of prototype robot.
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Table 4  Category of ensuring safety according to human-robot coexistence.
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Category

Category of contact

Device used in the system

Isolating (Physically)

Physically avoiding
contact with human

Isolating (Functionally)

Stopping robot before
contact with human

Ultrasomic radar sensor,
Photoelectric sensor,
Bumper switch

Evasion by human

Evasion from contact

Enable Switch

Unconditioned Safe contact

Force Limiting Mechanism using
Magneto-Rheological Fluid
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Fig. 5 Hierarchized interlocking configuration for
travel control.
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