Specific Research Reports of the National Institute
of Industrial Safety, NIIS-SRR-NO.33 (2005)
UDC 0614,8;681.587.78;612.884;612.014.47

2. NHBGIRB TR Y N OREW L ERET T & BEREHRIEOIR 5

TR, B il

2. Proposal of Inherently Safe Design Method and Safe Design Indexes for
Human-collaborative Robots*

by Hiroyasu IKEDA** and Tsuyoshi SAITO**

Abstract; Recently, there has been a tendency for robots having no guard but a moving mechanism to approach
humans and for humans to positively utilize the abilities of robots. Such coexistent and collaborative relation
between humans and robots is expected to have demand not only in industrial fields but also in service fields.
However, while they are implementing their work, it is assumed that such new-mode human-collaborative robots
contact and dynamically work on human bodies. Due to this assumption, the rules of isolation and the rules of
stop, which have been regarded as the preconditions of the safety securement for workers when they are working
with conventional-mode industrial robots, are no longer applicable. As a result, the safety securement for
humans is one of the most important problems with their practical application. Particularly, there is no definite
index of the relation between humans and robots, such as how much force output should be permitted to a robot
according to the degree of contact required in the course of implementing the target work.

In the situation in which humans and robots work together by collaborating with each other, it is impossible
to avoid the physical contact and the interaction of force between robots and humans. Even if a robot in motion
contacts a human, the robot is not always requested to stop. The situation in which the human receives the
excessive impact strength caused by collision and subsequent excessive pinching force may be regarded as a
dangerous event. Since it cannot count on the robot for stopping its operation or on the human for avoiding
accidents to prevent disasters, it is necessary to reduce the robot force conveyed to the human to be within the
allowable range.

In this study, the authors propose a pain tolerance as an index for examining the specifications of human-
collaborative robots from the human side, and try to define the force output characteristics of robot actuators
based on this pain tolerance. The authors also examine the maximum allowable deformation of skin, which is
another means of expression for the pain tolerance, and discuss the braking characteristics of robots as well.

As the index for examining the specifications of human-collaborative robots from the human side, the
authors propose the pain tolerance as the dimension of force and the maximum deformation, define the force
output characteristics of the actuator from the former and the braking characteristics of the actuator from the
latter, and examine the safety design strategy for human-collaborative robot. The force output characteristics of
the robot actuator are defined for each of 3 stages to restraint it under the pain tolerance of 57.7N and the mode
of inching operation is selected to limit the overrun of the robot arm to the maximum allowable deformation.

Keywords;Robotics, Human-robot collaboration, Human-machine cooperation, Inherent safety, Safe
design, Risk reduction
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Table 1 Risk reduction by design based on ISO

12100-1.
ISO12100-1(C T BEEETIC LB X VKR

Mechanical hazards

Risk reduction actions

+Crushing + Avoiding sharp edges, etc.

+Shearing - Limitation of actuating force
- Cutting or severing + Limitation of mass and/or velocity
* Entanglement *Observing ergonomic principles

+Drawing-in or trapping |+ Applying safety principles for

*Impact control systems
+ Stabbing or puncture | Applying principles of positive
*Friction or abrasion mechanical action
‘High pressure fluid |+« = 0
ejection | e ee e




AT O R v b OARE W E e Tk & RaRaHEEORE

12, NBEASERRE IR S NIRECTHEL LT
5720021E, MEOWHEEYE (B RFu:, BhEs
B, RIDERESE) #EB L TRETH S L OHIm
ZROTHBY, BRIZH — POy, BIEREO%R
SHREE 1B W T RO YA EREATRTHI S LT
AL e STV D, —J, LMD SRR
W T A2 REN R ORI HZ L LT, B
— R OAES) R OSEE) T L F — 0 | FRAEASE BB
Wz WM THESNTEBY, HERENEOY
— FCIEHAESI50N, EHT AL F—10] 22 7%
W EDNERENTWS, LAL, TALDfE,
MED EDERRLICED & ) B TZHEENL LD
PRI TBLY, 20FFuRy hEHT
HIRIDHHTH 5,

AR T ARy b OIS LT, KB
MR TELDIL, HLFTTHAMY [
] OHW AT LRI RN &I, &P
Mo, EEMGIEEL LTEHTELEETH S,
— Iz, ARER A & DR AOTEL 6 LT AR A5 <
JEAE I, Mk, BRIECM A ORER A EER 7 &I &
STRELCERLR DN, AT, BHELTOA
B O R Y ST ARSI LT, 20
BRI R O G L TR HEWE R L~V
PHEAETAERET S, T bbb, TOLH)%UOR
v N OFMEN:E %3 B FHEORLEN, aRy
N & DOEMOBORMNHIY, TLHENRDO
ELTERT B0, EaOFBEEE LM E LT
ST B OB, TRy MMITTHIE T RE 2 B
HELTHMICHRETE D LW EZFIZVHT
5

2.3 EEMMICED HEEEORA

0Ky b OB (01 L) SAEITKRA
EEDOZHEL NV ERNICEHET A6 LT, T
i, TRy b OB A NE B (SRR A 2L
REHET 5 b 07 R, WMEERAERTIC 0% e
AL L Tl Z5HET 2 b 0 2 ESRE S
nNTnwib,

¥/, FESE, BEOEEWTH OB AL
ARG EETH D k] PELE SN S T THIH
PERRFLE L, SHZI L2 I X - TREREE
ELTETIERZRELTWDY 0, Zhid, MMk
FM WA AT 2 5 N B B N DR &,
&, Fig.1 ([ZRT X918, MEMME ST (8)
kg, E GH) B, WEEZT 505, BmEFSAK
RO ¥ A — V2 HATICENT A A ORBKE L H
HH7HOTHb, 252, FHEOBKICHEG T 5145

Fig. 1 Change of human somatic sensation
against mechanical stimulus.
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Fig. 2 Measurement result of pain tolerance and

tolerable deformation (5th percentile values).
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Fig. 8 Inching motion plan for robot arm.
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