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Development of a Seven Degrees-of-Freedom Crane with Three Wires (2nd Report)
— Vibration Control of a Suspended Object —

Hisashi Osumi, Tamio Arai, Masanobu Fujinira, Hiroaki YAamMacucHl,
Hajime Asama, Hayato Kaersu and Teruo Ural

This research proposes a 7 D. O. F. crane with three wires for automatic heavy part handling.
Since the crane suspends its object with three wires, it can reduce all the vibration modes of its
suspended object. This paper proposes a method of thé vibration control of the suspended
object. Though the dynamic model of the crane control system is very complicated, three
decoupled sub-systems are obtained after the linearization of the dynamic equations at an
equilibrium point. Three optimal regulators are designed respectively and installed in the crane
to reduce the residual vibrations in positioning. The experimental results using a prototype
crane prove that the crane is efficient in handling heavy parts.

Key words : heavy parts handling, crane, wire suspension mechanism, vnbrat:on control

L &L ow K

BREYRBVLTIEZHERCRONIERY -~V ¥
Y VS RFRBC L > TEDTRIRTHH Z L 2b,
BB < T hT\v5. HEIAK vEEOHF
Yo~ ¥ v, WRER ATHEEOSTY
1 T REBBMOFIALRAI K E B, LiL, 1E¥D
74 YDOLTCRETIRFO 7 v—-vRHETIX, BE
HoEHHRHUPCEY, LRI YEHICRETS
REHORBH I HHATECHS. ZoODHBRTIMF
FREOFRMBIXEB L T ENTAEEL - TV 5,

Thizx LEE G, HETREHOME - BB6
BHEOHBNTET, LrdtREHIELEL TN
TORFIRBOFHENTELZ7 v - vl LT, B
1ERT7THBEZ v—-vBRBYRELTW3". v
A EEEXBCHPLL TR0 4 v CcAY L F@H»IS
FlRBZ LT, BEHLETOME - BBEET S
CELTEETH BN, Ko v -V CREBFREYER

* RSt PRSE4A98
** F & R WERALIFN IRESOREAS7-3-1)
see FESR WRASASR

t E & QA BAUSWRH GOEHKR2-1
n B{LFWRR

LBEOLDDO T A YR IEFOLZFBL TV, a
~aBET 7 Faxz—2 OBHEEYET. KAR
BEHE T, a,a, a~asi3iEX, as, o BERRE
TH5 ABHRERYA AV F IV I7DDoNR2
Vv i LTEOBRAAV G 2 h 3 RE, B
FH  BHEMREREECHE. FZTCETHIR
W TR et Te st 3 BBEBR LTV,
7 v—vERTOREYOME - BB 6 BHEOHE
EHPERLE. Lhrl, BEHIAIUSIX b HT
¥XF5E, SEVARDPLELLEIRTORD YR
4§15, TORLDRIER~NOBFREELD L, BHF

Fig. 1 Schematic view of the crane
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Table 1 Specifications of the crane

x ¥ z
Working distance mm [9.0%10* [5.0%10* |1.0%10°
Max. speed mm/s 5.0x10* |5.0%x10° |1.7%10

5.0%107° [ 5.0%107* | 5.0x107*
4.9%107° | 4.9%107 | 1.4%107°

Min. step mm
Min. angle rad

Table 2 Resolutions of the sensor
system

x, y-direction mm 7.0x107?
Wire length mm 5.0%107?
Rotation about x, y-axis °|5.0x107°
Rotation about z-axis ° 1.0x107!

Table 3 Parameters of the control system

me - 2.3%10 [kg] |1 :4.0%107% [kgem’]
my 11,510 [kg) | Lz ©6.0X107 [kgem?®]
mo »1.5%10  [kgl | L © 6.0%107° [kg-m?®]
R, :1.5%107" [m] | Th :4.0%x107%(s]

Ry :1.0x107" [m] | T :3.0%107%[s]

2 ¢ —1.5%10"'[m] | Ki :6.0%107%[m/s*V]
L 1.2 [m] | Kz :3.0%107*[rad/s*V]
ce 2.8 [m] | K :1.6%10° [N/m]

Ca 24 [m] K 1.5 [Nm/rad]
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Fig. 7 Results of the vibration control
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Fig. 8 Experimental results
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