Specific Research Reports of the National Institute
of Industrial Safety, NIIS-SRR-NO.24 (2002)
UDC 331.461:62-192:62-531:62-781:65.001.56

7. EEXRHUuUXRybNOBEBETEBE L
fe [ f3 BE B AR B O B % & FF ™

R E IR, INREAR ‘i%ﬁEﬂi@%EK****, TR T — ook

7. The Development and Evaluation of the Turning Angle Monitor
for the Purpose of the Application to Industrial Robots™

by Shigeo UMEZAKI**, Shigenobu KOBAYASHI***,
Kenjiro HAMADA**** and Kazushi FUITWARA*****

Abstract: This report proposes a new turning angle monitor for the purpose of its application to
industrial robots. The conventional robot systems sometimes use limit swtches to detect the position
of the robot. However, it was difficult to detect the accurate angle of the robot because the limit
switch could not detect any angles. The new turning angle monitor which can generate the analog
output voltage in proportion to the turning angle of the robot was developed for the purpose.

The new angle monitor used power reed switches installed in the round shape around the robot,
and these switches were operated by the permanent or electronic magnet Features of this equipment
were described as follows:

(1) The accurate turning angle of the robot could be simply confirmed, because the output voltage

‘ was generated in proportion to the turning angle of the robot.

(2) The fault part could be clarified by measuring the output voltage, because the different output
voltages were generated depending on the normal and abnormal conditions.

(3) The fail-safe system was realized by the programmable logic controller with triple redundancy,
diversity and self checking mechanism.

(4) The electro-magnetic noise would not affect this system since the noise energy is too low to
drive power reed switches.

(5) The excellent reliability and safety could be realized, because the failure rate of power reed
switches was very low (for example, less than 0.7 fit).

(6) As a tamper-proof countermeasure, the method applying the enclosure of the sensor was sur-
passed than the method of periodically demagnetizing the magnetic field.

As this study is under execution at present, the reliability test of power reed switches to switch

~ over two hundred million times will be carried out, and the safe performance under the actual
environment will be confirmed.
Keywords; Safety control, Safety device, Turning angle monitor, Fail-safe, Tamper proof, Power
- reed switch, Industrial robot
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Fig. 1  The structure of the turning angle monitor.
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Photo 1 - The appearance of the turning angle monitor.
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Fig. 2 The basic configuration figure of the turning angle monitoring circuit.
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Fig. 3  The conceptural scheme of signal output of the
turning angle monitoring circuit.
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Fig. 4 Timing chart for the tamper proof.
B N=TW=TDEHDEAITFr— b

@ FEEAEERNBICENEN TS EREED
FEETHDLIE*HET D,

@ Turyy<r7n-ariro—37 (PLC) »HD
HAES CERA ZHET 5.

® @@Eﬁk;ofmﬁnﬁanv-u~bxf
VFRF LD,

@ B RsOMKICHEL-EREZFET 5, b
L,%Eﬁ@ﬁﬁk%ofw%&%,nv—u—
FAA4 v FHREBIEBRB SN TS Z LA HERT
LR '

G PLCHLOHAES YO L L CERAZHE
A IR

® bL, FEEVAABALZERL TENMLE
WkxfFro TV RiITE, TRTH/NT—1) —F
AL oy Fidt 7R B,

@ HEH RsOTRICEEL-EELEEIT S, b
L, BENF Q) RIXE-oTWVDELL, EEEDIK
ABAZER L TEINZENLEfTo T iw
TEDHERTE D, ’

B, KEETE, EEAREIN 72— VE—

7% PLC %M L, PLC HEDHEIZbHIETE S
EIZLTWwAE, DM, E2H/ESE SNV,

4. EREE, BRRUEER

41 EREBREXE

EBRIERLEZAORY M, FIE#ESO K10
THhb, NT—1)—FARL vFIi, ©llarro—
VEIO RI5 # A L7z, T/, EREIUICIERERR
ﬁm%mwfw%#,gnmﬁﬁhszmmﬁ%ﬁ
TRETE7-0TH b,

Jr—Vbk—7h%EEayba—-F 2, FAV-¥E
V38 PSS3100 #fFEMA L, ThICEh&RE) L—
ERTHIELRL AV S FEERSHL TV, T
nickh, QRERLABEEDEEHZR LEMERE
(10V) OFEEREIEL 72— NE— 71247 T L ¥ §E
ELTWwW3,



— 62 —

42 EBERCER

Fig. 513, ZBMFPEFLR L ZLELALE (O
7= = FAA v FOEMAR, QBEOHTE, @K
HOWE, QEBOME) OEERIOEINKERETH
b F6 0B R LI, EEEEEEROHD
EEGHEICR SN S, £/2, NT—J—FAAfvF
DEMARIZES M Vsld RsE/(Rs + Rs')V, #
PEBSOWEFIZ 0T AL EVELRE DS, TOWMED
B LTRETH B, '

L7205 T, BEHFTOT 1~ K%L 21X0.17E
75 091E BEILRETWIE, EEFPEER L &2
EEFFT L, HBOWRERICIERELL T LD
T&5%, ¥72, %%%E@L%%ﬁ?ﬁﬁ%t&é
X, WAREa Y b a—SOEFREBE (REET
BEIEEEN 9.8V 205 10.2V D & X 2R - TEERF
) I2&oT, Ry FDEEZEELTE S,

I L, @37 - — FAA v FOBEELOE
EENAABMAEFE TN - - FAL v F%2ERX
BNCEMIL L L &3, BF5HE ) Xo#sER L %
LZLHbYy, RELMBETHL, ZD7=0, L
i, QI THAHEELT, Zryru—Yy— (77—
X 1) WENERERE 2, |

T, EAEREBEBORBAMEDEA YR
DEFEERY/ T-BREY - VFBOEERTE
HZEWEoT, EEFBICIZEBOENNES{LE
TAEELTHODTHD, L L, ZoMER, v
su—Yx—HBEFERELD, EBEBROERDD
WEEPHERTLZEVWIBEID S, /2, EEEDT
Iyru—Yry—%EBRMICEYH LA &R, L7
@I THEMEL LTHEBHTEV, £2°C, RBET
i3, ThooBMELXHRAWICHERT 572012, BHA
FHWRY o= — TBETEERE L,

5. YT LDOEFHHMESRDOFRE

KIFETIE, BBORRLFITLT, E2Em0E
FRIZE BEFMEITo 720 ZOFMETIX, HEIEAHR

EXRHHBETIES (NECA) DWERTD [HIH
AT L ERERT A SISO LT LM I T 5 2L
WKRELTWLHEME, RERLHLEDLEDLOICY
i ke L7-EMER, RULHTOMFEROH I 21572,

ZDH L, NECAIZEBE L TWAEMKIZX 55
T, AFERAOE Y- LTI —=1) = FA4 v
FEFERTHILORENERER o7 TDELS
Bodamid, [bSh SR EL R TIREL Y —
AEAZREVOTERVR], [T - = FX4 v F
FEHATALITIAENPHEL-HE, HAShTWS

EEZEMERFIMAHSE NIIS-SRR-NO.24 (2002)

BEVADPHESINDL 20, BAKEIETTEDT
Bawh] EnI3bnThs, LrL, [7z—E—
THRN /A AR ZEE LSS, BRIV IBERDOF
PREIEN TS|, [RE2FHREDYNILEL
T, ZOL) BREBIEIEFICLETHS] ENOERD
HY, BREICILDRICESTHNT—Y = FRS
FEBFER L, B, 75 RAEOHBICHL T,
T—=Y—=FAAL v F52MAREFKOTIVIRETE) I L
THIEFHRETH %, '

1
10+
g?\\
s T
59 B
=0 s
= o —EREV) S~
2. EHIEY)
ok
[ T S T R S AT Y
e e £ B (D
(Q)IEEE
1
10 . D
ol
8} HEREV)
S T - EHEW)
H 5: @ : Rw O
B o4 O:SxOEMAR
R 3 @ DHTER
H %_ @
0 [©)
[ T e Ry S AT ST
el A (B _
()Y — F XA v F Sx DERLAR.
EIT R £721E Rw DBER
1 ~
10 l l
o
g RS DWFHERS
> o o
H o5 HRMEW)
L o SEHHENV)
R 3
A
1
o .
— 1 i+ et
180 -120 —60 0 0 120 180
i Ey:): A6 9)
(c)#EH Rx D¥riR

Fig. 5 Experimental result.

ERER



EEROFy bAOERTEMNE L ERAERREEORE LT

Kiz, BHEOREEBOEMEY HIE, OERAE

R Lo ABEENSHETL 5700, BEDERAE
RFESHIIBBLRTVWI L, QEFHLERETES
BENFELRY, POWBBIIHEAIEEDKE S Tk
REBTEHBETELIL, QEEBENFRMTHLZ L
BEZDOVT, BYiHiiz &7,
- =%, BIROWHEE» O, [REBTIEY V-7
VW= T7BEETHDIINNT - = FAL v F 2 EW
ACEBL TV, HEEhErEREbTs7-010
BAABAZHER L2 AP RVOTIE 2] Lol
Bhdot, 1, FEOREHEL, BEEEE»LD
ZF . FIT, AEETIR, KU Ty —VEIEZ
Fol2ERAT/INT =) — FAL v F 2 BI)Z 70—
Sx—HELTLIET, NT—Y—FIA v F%ik
ABATERETES X1z L7,

X512, FTROMEREIC L BEHE T, [S 5D/ 37 —
V- RKAL v F2ERTHE, BGEEFERTTLNOT
BRvh] EoEbH ot TDD, 4%, @
E2RTRELCERUES(EBOEENRLTEN
i, @%EED FMEA#TE 74—V FF—% (8IC,
BN =)= FRA v F 2 FHLTWEHEL AT
LATDF—¥) OEEZLELVIZLILIESHEYE (%
ET5TRTCOBBIIHT HEREAL 2 5EDT)
DIE, OAA v FEEDF ¥ /4 7 2 EEE 2
FHEBL LGEEXBRLZ U7V, ERET Tk
BOEOREU*HRTHIFETH 5,

6. HHYIC

EROTFY AT AT, OXy FHPBEDH
RIAFICEELA-ZLE2RET S0, JIv bR
Aoy FhEEFRHLTER, L2L, ZoFRE, &
EDRBAETHNDTAL v Fot 7203+ 775
7e®, ORy POFEEZAEZRET 20138 TH
BThHot .

L FCT, ABIETIE, 9Ky M okER ICBET 2
BAICX->TaRy rOBFBICEBRIRICE T2 /3T —
U= FRAL v FRIER—EIOF L ELTVE, Th

— 63 —

ko TE Ry FORERAECG LT IO SESZ

BRETEDLAREER L. ZOEBOHRBIIADE

D THb,

1) EEAEOBERICHEREMEo7/87—1) - FALy
FaffoTna0, MERIIT7z—VE— 724
MEEBRTE, »OBH/ A ARESOEEY T}
R

2) T —=1) = FRA v FOMEEH 0.7 fit LT L&
DTREVD, BREWLEBEEOTHICEN-%
BB TE 5,

3) EEAECHBILI-ENEEFTETL 57:90, B
EORAAEZESIIELR TV,

4) EEFRLEERTERNIBEESGERD, 2»OkERE
BHENEEDOKE S THEZEEREFETE 5,

5) EEBEIELMTH S,

A%, ERNLREBEERIELE LI, £2
WTREL-EHRIED (EBOEEN 2 TR,
HEEDFMEA BT L 74—V FF—% ($FIZERER
) DEEEHLEIZLBIFFHERYFOHE, XM v
FEAOA v /A 7RB 2 ENBLAEEL L-EHE
HRELZ Eefrv, ERETCTOEBOENR LN
WRTHTFTETDH 5,

ZEXH

1) /RS - HRER, BEKEGHAL v FEBnaRy
FREAEREEE, HEABRFERS 9 AZGBWIRE
FIRK% (2000), pp.167-168.

[# 2 1]

W= =R v F2EELTVEEaY bu—
VEHEREHICEIE, R v FOBEOF Y /F 71
BETELAHHEEIZOT it (0.7x 107°E/h) LT & &
T,

(FEL 14 %1 B 10 HEZHE)





