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Evaluation of Human Pain Tolerance for Human-Oriented Robot Design*

by Hiroyasu IKEDA** and Noboru SUGIMOTO**

Abstract: Domestic and international standards or regulations for industrial robots strictly rec-
ommend that these robots should be isolated from operators and other workers. However, there will
be many fields in the future where humans will have to allow robots to work besides them. One
typical application will be a robot usage in labor assistance and rehabilitation for the aged people
or with disabilities. Other applications may include a non-autonomous robotic system designed for
cooperative tasks with a human operator.

This paper describes human pain tolerance for the design standard of a human-robot coexistence
system. Among human sensations, somatic pain is like an emergency call. It is regarded as a stable
sensation having neither individual variations nor adaptations. Therefore, somatic pain which can
tolerate repeated mechanical stimuli is adopted.

This study carries out following experiments to measure the threshold of human pain tolerance
using a biomechanical method and statistical analysis.

1) 16 subjects for the experiment are arranged, and 12 measurement points on their bodies which
are considered to have a high possibility of contacts in human-robot coexistence environment
are selected.

2) A pneumatic cylinder with a contact disc prove of 10 mm diameter is used as an actuator to
give mechanical stimuli to the subjects.

3) The mechanical stimuli applied to the subjects are divided into two categories: static and dy-
namic forces.

The values of the human pain tolerance are given as tolerable limit of these mechanical stimuli.
The mean value of the pain tolerance in terms of a static force ranges from 65N to 146N, while
the minimum value ranges from 13N to 46N, depending on the measurement point. As a result of
applying dynamic force, the dynamic human pain tolerance relates to a mean impact force and an
impact time. Human pain tolerance is characterized uniformly in terms of the pain intensity curve
which is fitted to the minimum values of both the static and dynamic pain tolerance. Moreover, this
paper investigates the relationship between the deformation and velocity of some human sections,
when the human subjects feel somatic pain.

Human pain tolerance needs to be analyzed further, but it will be a trigger to build up an advanced
safety design standard.
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Fig. 1  Arrangement of experimental equipment.

RERFEDHERL

WEFIEIZ, FTEANCE=ZHEIGZRS—F 24 v
FEBETLIZ LRI, BEREV ) ISDER
Oy FPHELT, Bt o — 75 RE T 5,
B, BMITSELZ RIS, WEREIE
WEBL S LRMICELZ A v F 23 2 & THIEIR
RIBRTLLDOTH 5,

ERE L 10~50 DB LAFT16 2T, KIRiTL 3
HEBRE2HIT L0, F¥HIEIY >V 1 KRDOLEICHE
FORMEER, TEREIIEEIRVITHE L7

Table 1  Specifications of experimental equipment.

KREBEDOMLH

Applied element Specification

Piston diameter ¢ 30,
Piston stroke 150 mm

1. Pneumatic cylinder

59N/cm? : Velocity control
in exhaust site

2. Supply pressure

3. Electro-maguetic valve | 5 ports with reset control
by a spring

4. Load cell Capacity 490N,

Compression type

Wire drive with analog
output type (Range: 2m)

5. Displacement sensor

6. A/D converter 12 bits with amplifier type

PC9801: Sampling time
= 5 ms

7. Computer

Fig. 2 Measurement points for evaluating human pain
tolerance.

978 T T 14 i B4 O 7= 3 D U 7E BB



BIEIALIL, Fig. 2R T L5102, vy b &AM
PEMT LHRENE 2D L VEZEARBR LT W
ERMEIND a~lD 12FMERE L2, 4B, akl
DELLIZDCTUI, 7o —7 2 EREH B S 2,

T B, AR BN A DB R 2T T
LENY), TNERLICIMIBRS I LIITEL WL D
D, 7o —TEER LN, &, HREE
RSELWI L, BHEOKELFROZ L2 X LT,
AR 2 TR 2 PR 5 & ) BRICHBRE IR T
w5,

4. BEMEEDRE

41 HEREEHOREE

B 2 A R IS 5 AR R E S S hE T
FHEE, FRLPHRE LTnR w20 AR L aRy
DS SRR B A EML I3 H I ka2,
NoHETEARE LFN 2 MM X 2 B3
HEDFM A LETH b,

200 — — 350
Pain tolerance point —
~ 150 iech 300 £
Z i E
z 10 Contact point g 250 =
L 50 : 200 ©
3 Contact force c
S o 150 .8
i
:: - 1 ‘B
8 -50 G 3 100 §
g -t b Probe o
S -100 {4 50 2
5] ) y position [S
—150r" 0 o

-200 -50

0 2 4 6 8 10
Time (sec)

Fig. 3 Transient characteristics of static pain toler-
ance.
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Fig. 4  Experimental results of static pain tolerance.
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Fig. 5 Measurement of dynamic pain tolerance.
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Fig. 7 Experimental results of dynamic pain tolerance.

BB EMEEOMERR

%i“‘i—é CEHTEL WD, ~Nre—DEHIZ AL
F—2FATEI LIl

EERIZE, 47 bore—2EHEY) TR TE
34, Fig. 6 (ORT & ) 2 EREROEHES 2 %8R #H
B2z, 2LT, 51 F(t) #°0.02s LILEIE & % 2 B4
t1 22 5 0.02s LU EE & 7 BEES 12 $ TORRR 2 EEER;
MEEEIAL S EFEL, DAL LEENORREEY Foe
DEMR & T2,

100 - 3
o | ]
g 80 { ] n e ¢
% m €
f A B
Q
=
S & &
-
3 & Ne
o 3
,_E( O L ] kg
114 c
0 0.1 0.2 0.3 ¢ o0

Impact Time At(s)

Fig. 8 Extended results of pain intensity curve based
on impact duration time and mean impact
force.
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