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2. Development of Safety Control System of Heavy Work Handling
by the Cooperative Control of Crane and Manipulator

by Noboru SuciMoTo* and Hiroyasu IKEDA*

Abstract; The handling of a heavy work, for example, an operation to change heavy dies of a large
press machine or injection machine, is a dangerous task. A crane is one of the suitable mechanisms to
handle the heavy work, but it makes the suspended work vibration. In construction sites of building,
many aged workers engage in handling a crane-loaded heavy work and they suffer from accidents of
impact or crushing with the heavy work.

This report proposes a heavy work handling system which consists of crane and manipulator
remote-operated by workers. To secure safety of operator against misoperation, the manipulator is
controlled to move with compliant motion by pnuematic actuators. An operation to decrease the
sway and to secure the work at the possition proposed to be held, is conducted by an electromagnetic’
brake element which is installed at each joint of manipulator.

The kinetic energy of swaying work dissipated in slip condition of the brake generates the pos-
sibility of turnover of the manipulator. The turnover mechanism is modelled in the manipulator.
Based on this model, a cooperative control system between crane and manipulator is designed for
decreasing a work sway and securing safe handling and positioning.

This paper describes the practical load handling, especially, a newly developed position control
method of pneumatic manipulator. In general, a pnuematic manipurator is hard to achieve an
accurate positioning. To improve the low performance in operation of pnuematic manipulator, an
effective control method is introduced to settle the unsteady behavior of the manipulator by friction
control. An elecrtomagnetic brake is used for this purpose. This element produces prompt damping
force to fix their posture, and an inching motion control achieves the highly accurate control of the
manipulator by this element. Consequently, this system realizes anti-sway handling operation of a
heavy load in high efficiency and safety.

Keywords; Handling, Heavy work, Cooperative control, Crane, Robot, Positioning, Electromag-
netic brake, Ballance control, Pneumatic actuator '
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Photo 1 The Heavy work Handling Manipulator System.
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Fig. 1  The procedure of work handling operation.
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Fig. 2  Construction of Work Handling Manipulator System.
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Fig. 3  Construction of the shoulder joint.

RBEEROEE

Construction of the elbow joint.

FHRAET AR DHEE

Fig. 4



EEVHNFBENLRODEEYHRA S XA T LNHER

HY, BT V—FIZHVTWR WL, SITERELLR
Neny, ERICBREERZT -2 A, ABP»ER
FEH2IT->Te=EaL—2 28T i3, £<{FH
BTholz, THUE, AMDBIZEBRD, EFHRL
PEEBTET, HoNS v 22 EDCEH ey pbE
THEH, N2 ABEF->TwLWwhdThs, Ih
W LTQOFHER, hnT oI 2RkE2 ey
TRIBELTBY, ZOESTER7V—X2FALTH
BRI NT Y RERB EHICLTwE, 2Dz, O
IAEMELIZHIRITE 5703 E, B ICAEROERIE
(B 2475 S e TER, @QDFRICEH-T, Ih
FTCTAARBEINTELRERET 7 F22—51& b
P a V- DFEHENIREL ko2 B2 5, &
DFLWERET—KREFRIZOWTIRETHICELLR

J\\‘éo
6. FHRNFILIEE

FEEA T AR EIE 32 2 3 TOEEE,
DMEEZRTEFICL>TER 7V —X OB & T
5L TiThbils, ZOKE, SEHEEREEZRANT
BHICEIC LI LTBL, fifAEL LT, 77 MY
Fou—FeViZE3HERLFICFLERE BT
VX IZHHAL, TN ) AARED HIEWBA
EHH0) 2fabkeALL, FIRELFRTER TV —
XEAT7THIHIICL TS,

6.1 ExflICXT 3 KM

FRIUFIEDOHIEZ 1T ) BA, v=E2 L -3 KED
BEZ LT 57200 IRNEEVFET 2, BEIRM
3, EHT AR =L —snFRICRITThHICE-
TRETH I 7L, =2 —F L BHNERIC L -
T22DT77 M) HEEIEHEDOBYICRET S L2
DONAWESTRO LN G, FiZlIw=Ea2L—%D
BRI L ->TENTHI0T, BHAOEKTEINS,
BEEZ, 222V —F0HEICLZELORENN TS
BN EEZNITHEENIC—ET, BRI FH (Fik,
) KE-T 2@ ORENFE 2 6N, LTI, #i
BN HEEEA LBIZO 28N 12T, 22
DVTEFMLET I, ‘

" Fig. b Ice=Fal—SOBEEFIVERT, T,
FROMNBZEMOTELEHAZHCTERT, FED
WE»LNEmE % H, B (R »50EgEs L &§
&, ENFILRD LS 2%k b,

H=h+ Iysinf, — I.sin(6. — 6) (1)

L=1I,+ Iycos8,+ I.cos(f, — 6p) (2)

Fig. 5  Schematic model of anti-sway control (1)
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Fig. 6 . Schematic model of anti-sway control (2)
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Fig. 12 Positioning operation of manipulator.
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Fig. 13 Inching operation of manipulator.

TZEaAL—IDAL F L TEME

202U, BRROD &) HESEN T o Rl E DA R
bEDILEFDH L,

8. =

B

DOFAY R e Eab—2 ORENLIEETF
JEIZOWTEZEL, EREYV ) v FEEM7 Vv —XDi
ABDLRICL IBEMBRODTFLEEZRE L2, ERE
BRWET 7F 2ax—2 B3NN TEREKEEZET S
K, (LERODFHPEETH S L) REFDH 5,
CCTRELLAERDFIEL, BHRICHT 5 IEE L
EHREMBERODBHEDFET 5ERICIDLEDNDTH
b, TOFHEIRR, oRy PV ATFARKLTREME &
BEMEOMEZRD LS &2 L EFICHFEINI LIS
lTRE W,

AEHEL, FEBOERILELWEEY N F) 7
fEEnLeit - BEbZ BNE LT, Z7v—r LRiEHR
FRle= a2V = ok 2EEL X TLEREL, £
DRE, HFARHERZIT 72, RFEIITT Licbhblt
T, COBRET, ROk cwmzHolen
T&7,

(1) 2=E2lb - L ARDNDIEEICEHR TV —F %
M, BRENVEEINIBZNDH 254
i, 7v—F2—fEobta—XELTHwWEZLIZ
0, NEIEESINE N E2ARENICHRETE 5,

(2) TR —KEREZREL, fEkTELP 72
SEP=Ea V- DEMNERDOVAEEE 072, T
nig, EROBIEFR & ERICHE L THERI N,

2)

3)

900 ms/inching

—

0 2 4 6 8 10

Fig. 14 Angular displacement per one inching.
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