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Abstract

Many accidents related to robot operation occur during the robot teaching process. This paper
deals with recommendations for the teach pendant design parameters to enhance safety and perfor-
mances in human-robot interactions. In order to investigate the optimum location and the size
of the emergency stop button on the teach pendant, an experiment was conducted with a simulated
teach pendant which can accomodate four different locations and three sizes of the button. Under
a simulated emergency condition, the reach time to the emergency stop bution was measured
at random combination of the location and the size of button. The reach time was significantly
affecied by the location and the size of the emergency stop button. The fastest average reach

time was attained with 1.5 inch-diameter button on the upper center of the teach pendant.
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Fig. 1. Forecasts of Annual Robot Demand in Korea,
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Table 1. Near-accidents Caused by Industrial Robots
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Trouble in Robots (%}

Mean Time between
Failure of Robots

Faults of controf 66,7
system

Faults of robot body 23.5
Faults of welding gun 18.5
and tooling parts

Runaway 111
Programming and other i9.9

operational errors

Precision deficiency, 18.1
deterioration

Incompatibiiity of jigs 45.5
and other tools

Other ) 2.5

Under 100 hr 28.7%
100 ~ 250 hr 12.2
250 - 500 hr 19.5
500 - 1000 hr 14.7
1000 - 1500 hr 10.4
1500 - 2000 hr 4.9
2000 - 2500 hr 1.2
Qver 2500 hr 8.5
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Table 2. Mean Reach Time for Various Button Diameters and Locations

Location: L1 L2 L3 L4 Totals:
D 0.180 0.156 0.195 0.237 0.192
Diameter D2 0.154 0.130 0.168 0.193 0.161
03 0.122 0.103 0.139 0.181 0.136
Totals: 0.152 0.130 0.168 0.204 0.183
0.20 0.22
0.19 4
-~ 4 (. 204
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= < g 1
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Location

Fig. 3. Mean Reach Time for Various Button Diameters.
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Table 3. ANOVA Table

Fig. 4. Mean Reach Time for the Various Button Loca-

Fig. 2 veld AAH 2

tiens.

2] Y77} AFodol L LB AAE

skl 2, Collinst= pendant®] shckel] 2bz3 (5%
0.5 inch) Zokel A2 Ao] 2 E& |

E71e S BF o 43E R ¢ o] 1
T A7 fo]E AHEY ZH

=
=1

o 1
Fal AAgo,
E

ATl e 2 29

7h&

[+]

Source: df: Sum of Squares:
Diameter (A) 2 031
Location (B} 3 044
AB 8 001

Error 48 .365

Mean Square:

018
015
.0co14
.008

F-test

2.045

1.921
.018

P wvalue:
L1405
.1388
.1




#1638, 29 1990. 12 2R3 LAAlT wbAE AR w4 A Al AARHH [E A 105

Safo] whA Y £ 2 2&9] $ Ao e} FPE7}
uldG qlehe Aotk wald F ASE Fi9
B0 2 &89 FAME 27128 9437} pendant
#-5-2] ool HASH & AR HES 3
HE 1, 22 AN F oo, 27 Had A
1.5 inchi= Flolof @t

4. 24 £

7)€ AW wlz} gFgvie A 5E
A, AAA, 2212 PHA S Hel RRES Abgol
FE3tn ged e AA Al2F AAA AZkE<
29, &, ol7r F¥A dFo] 502 237
Ao Al ARE 24T = Ao W
24, W9 A$E Frlse ZXRE Fo) 8
wael zHEL FHY, Hi H= F4, YUY
AR, 2yede AgdmA] Wy T A R 2
BE otde] [ FAY XEFH Aol F7HA4
Yol A o] FolAel ¥ oot

Human-robot interfaced] 1°1A 744 d=l A
253 o] teach pendantldl ] Al Hd]
yats]e]ot st H|AFAA] MES A sF FTlel
W3 2 39 AHEAT pendantd A AFTY
ol ybg g 2 7+E vep i FI L, 1.5 inch
a7)9 ¥Ee] 713 wE B S WEhR .
BEe A7) lejM 2 It AdFF WE
E3A2HE Bedpdm, K djAE 2—-1-3
—49] A2 zFA|7ke] o Ao}k, Collins® <
FAAE A delA 1-2—32% £ ATHH
st tha Zol7h AlEd ole RH2HA HA %
Zala &7tk FolofH 2 o wWEd A
2}, &, & dFeNEe ZHLAA ] AR A
Forel 2 224 AAE ALHEF A, Col-
lins® pendant 8ttell 21z Eokel mALY
ol 28 7ed A &rtEE BF o) $5Es
sigdek, 274 ddelde e ATE FoFX
o, 2 odF2} Collins® A+ 2AHE ¥ 24

2E¢2 F ale 7182 #9149 pendant 52
Zoto) 91213 3l w uAARA HE] HAE 1,
2, 271% 243 A7A 1.5 incht Helok &rix
Ard = ek

o] A%}= teach pendant AA A AT
aHF ol st RJVEF F3 ¥ el AtA @
=r}. Rahimi®} Karwowskil 3117} teach pendant%
373 Ao disl AXYE RAAY

- Pendant®] =718t Fgel UM EHAB
wE AFFH HALH o

+ Pendant] =$1& 5o A 715A Tl
AA oo

+ Pendants] FTAIRAE £ 4% ARAFol
Q7tEdHes xEee] UAA B&

742 24 HE T dE ATV

H7}7} o) FoiA Al W

- Pendant®] 2+ HEEo)e 274 Aok o Lol
st ojakel 7%l #wsEe] dEd 2o Wi
HyriE o] FeixA Wk, AEHE 4 YEFH
(color coding) ol & A7T FPHA W&
E o]S 25 Wig 47} A1F3] FA= ok
FMS, CIM & 3A4A-Es) & & AAse =
nes Jeunz AdAs 2pEe 4Ad &
7t s E @ A4 Fate] FEI ol FA
#elch

o

2aER

[1] Etherton, J., Unexpected Motion Hazard
Exposures on a Large Robotic Assembly System
In: W. Karwowskin H.R. Parsaei and M.R. Wi-
Ihelm(Eds. ). Ergenomic of Hybrid Automated Sv-
stems 1. Elsevier, Amsterdam, The Netherlands,
pp.411-419, 1988.

[2] Nagamachi, M., “Ten Fatal Accidents Due
to Robots in Japan,” Ergonomics of Hybrid Auto-

mated Systems Conference Proceedings. Elsevier,



166 kA gl - ey - FAF

EFILRER

Amsterdam, 1988.
{31 Sugimoto, N., “Safety Engineering on In-

dustrial Robots and Their Draft Standard Safe Re-
quirements,” Proceedings of the Tth International
Symposium on Industrial Robots, Tokyo, 1977.

[4] NIOSH, Safe Maintenance Guide for Robotic
Workstations, 1988.

[5] Parsons, H.M., “Human-Machine Interfa-
ces in Industrial Robotics,” Proceedings of the An-
nual Conference of the Human Factors Association
of Canada, Vancouver, Canada, pp.189-192, 19
86.

[6] Parsons, H.M., “Data Base of Industrial
Human-Robot Interfaces,” International Confere-
nee con Intelligent Robots and Computer Vision,
SPIE Symposidum, Cambridge, Mass., 1986.

[7] Parsons, H.M. and Mavor, A.S., Human-
Machine Interfaces in Industrial Robotics, Report
for the U. S, Army Human Engineering Laboratory
Essex Corp., Alexandria, Va.. 1986.

{8] Bonney, M.C. and Yong, Y.F.(Eds), Ro-
bot Safety.. IFS Publications Ltd., Springer, Ber-
lin. 1985.

[6] Nagamachi, M., “Human Factors of Indust-
rial Robots and Robot Safety Management in Ja-
pan,” Applied Ergonomics. Vol. 17, No. 1, pp.9-
18, 1986.

[10] Sugimoto, N. and Kawaguchi, K., “Fault
Tree Analysis of Hazards Created by Robots,” Pro-
ceeding of the 13th International Symposium on
Industrial Robots and Robots 7, 1983.

[11] Satvenday. G., “Review and Appraisal of
Human Aspects in Planning Robotic Systems, ” Be-
haviour and Information Technology, Vol. 2, pp.
263-287, 1983.

{123 Sugimoto, N.N “Subjects and Problems
in Robot Safety Technology Occupational Health

and Safety in Automation and Robotics, Edited by
K. Noro, Talyor and Francis, 1987.

[13] Nagamachi. M., et al.. “Human Factor
Study of Industiral Robot. 2. Human Reliability
on Robot Manipulation, ” Japanese Journal of Ergo-
nomics, Vol. 20, pp.55-64, 1984.

[14] Edwards, M., “Robots in Industry : An
Overview, Applied Ergonomics, Vol. 15, pp.45-
53, 1984.

[15] Fleck, J.. “The Adoption of Robots,” Pro-
ceedings of the 13th International Symposium on
Industrial Robots and Robots 7, 1983.

(161 Goto, M., “QOccupational Safety and Health
Measures Taken for the Introduction of Robots in
the Automobile Industry,” Occupational Health
and Safety in Automation and Robotics, Edited by
K. Noro, Taylor and Francis, 1987.

[17] Jiang, B.C. and Gainer, C.A., “A Cause-
and-Effect Analysis of Robot Accidents,” Journal
of Occupational Accidents, Vol. 9, No. 1, pp.27-
46, 1987.

18] NTIS(National Technical Information Ser-
vice}, Study on Accidents Involving Industrial Re-
bots, US Department of Commerce, 1983.

[19] Robotic Industries Association, American
Safety Standard for Industrial Robots and Indust-
rial Robot Systems, Dearborn. MI, 1986.

[20] Winrich, M., Personal Communication,
Underwriters Laboratory, 1986.

[21] Japan Industrial Safety and Health Associa-
tion. An Interpretation of the Technical Guidance
an Safety Standards in the Use, etc., of Industrial
Robats, Tokyo. Japan, 1985.

(22] Karwowski. W., Rahimi, M.. Nash. D.L.
anid Parsaei, R.. “Perception of Safety Zone
Around an Industrial Robot,” Proceedings of Hu-
man Factors Society 31st Annual Meeting, pp. 948-



Hi6E, #28k 1990. 12 ZRE AT WAE S w4l AR 2929 2AAAA AL AT 107

952, 1988.

[23] Karwowski., W., Plank, T., Parsaei, M.
and Rahimi, M., “Human Perception of the Maxi-
mum Safe Speed of Robot Mothion,” Proceedings
‘of Human Factors Society 30th Annual Meeting,.
pp- 186-190, 1987.

[24] Helander, M.G., Karwan, M.H. and
Etherton, J., “A Model of Human Reaction Time
to Dangerous Robot Arm Movements,” Proceedi-
ngs of Human Factor Society 31st Annual Meeting,
pp. 191-195, 1987.

[25] Ghosh, K. and Lemay. C., “Man/Ma-
chine Interactions in Robotics and Their Effect on
Safety at the Workplace,” Proceedings of the Ro-
bots ¢ Conference. Society of Manufacturing Engi-
neers, Dear Born, pp-19.1-19.8, 19845,

[26] Levosinski, G.J., “Teach Control Pondant
for Robots,” Proceedings of the 1984 International

Conference on Occupational Ergonomics, Human

Factors Association of Canada, Toronto, Canadas,
pp. 599-603, 1984.

[27] Parsons, H.M., “Human-Machine Interfa-
ces in Industrial Robotics,” Essex Corporation,
Alexandria, VA. 1987.

[28] Collins, J.W.. “Experimental Evaluation
of Emergency Stop Buttons on Hand-Held Teach
Pendants,” Proceedings of Human Factors Society
33rd Annual Meeiing, pp.951-955, 1989.

(291 Proposed Draft Standard, “Human Engi-
neering Criteria for Hand-Held Control Pendants,”
Robotic Industries Association” American National
Standard, R 15.02, June 1989.

[30] Moore, T.G., “Industrial Push-Buttons, "
Applied Ergonomics, 1975.

[31] Rahimi, M. and Karwowski, W. “A Resea-
rch Paradigm in Human-Robot Interaction,” Inter-
national Journal of Incustrial Ergonomics, Vol. 5,
pp-59-71, 1990.



