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ABSTRACT

A flexible manipulator can move in the high speed even with the small driving torque.
The dynamic equations of flexible manipulator which include 2 vibrational modes are derived
using the clamped-free boundary condition. Simulation results of the 6th order model are well
matched with experimental results. The hub angle of the flexible mainpulator can be controlled
without vibration of the beam by the feedback of both hub angle and strain. The overshoot
of the hub amgle in the step respomse is reduced without sacrificing the rise time using
the cycloidal function instead of the step function as the reference input.
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Lagrange PR4L o83 £UFAL FE)

4 &5olux (KBE) & 9292 (PE)= 42 o
23} @4_
L R
2KE = Ig 8° + [ (2 + x8)pax (1)
2y 2
2PE = s

714 El= 28 ¥ 24, nk FES) 4=
£g Jshia A e Az thNe TER zZEclH

pe B8 Bgeld AF(Ke/m) & vehdch, 18in
29 9lod P9 W8 wixt)e & Zo] JE
4 4 3o

wixt) = ?:“.1 ¢ilx) gi(2) 3

164

FEE

olff, x& FFEOERH A te AL wx t)%
4 ox2REY #BE T vehdnh G7IM dilx
AFHEE vehfe grelnt. AF BEgrs %‘“&
XA Y] mel Az 7R 27D g} o] @)
M ZE7171 e Relg AHaRonE 2% - 24
A7) (clamped-free) 47 A& ol & gy wz
A, QBRI BEogp6 D

9i(x) = L{ coshp;x - cosp;x

coshA; + coshy

= ¢ sinhA; + sinA;

) ( sinhp;x

~ sinp;x) b (4)

e,
o714,

1+ cosh(nj) cos (M) = O

AE Filod

(5
Zr R oo ’513!"-’5‘% whEGCh

(6)

L
L di(x) e(x) p dx = mL%5

2ml*?
x%

(7

L
ID xqb,—(x)p dx =

j: EI

d? o:{x)
dxz

d?a;(x)
dxz

(8

= mLzm?S;j

olwl, &= Kromecker's delta @<olm, Ko]
9wt A%e] FAAL H(9) g o] vehdch

ot = Ejﬁ 2} ©
Largrange SAAE =9 4(10), (1103 2ejdz,
Ird + 2m.r,zila,- = T
- 2 5 -
q; * "‘J a + ¥ 8 0
G=1 2. 3, =, n) (D

o714, Te 7% =Ed 9% Ee =0k

EE 4(12) % 2ol #¥Y AR v £ JAok



PIHYFTEHA AL0Y A4E (1993, 129)

M:q+ K.q = Q (12) 0 ~0  eo(L) (L)
A7, c-lo~0 20 P
2 2 2 2
sy e 0o~ 0 5 Lo 3250
—% 1 o -~ 0 - onL)
M| "H O 1 -0 - B
- ~—~L‘§:z (0)
% 0 0 1
o, &= XY FAE Jehid Co 4 gL 47
Ro B A, TER DT 9 AEYUS 2P
"0 0 0 0
[ HEjo)rt,
0of 0 0 -
Ke=| 00 o 0 - 3. Maed
5 0 o0 - & $9% 29 J199E 4o AYSL Table 13
: 2},
_ . Table 1. Geometric and mass properties of the
=trT o0 o0 -~ 0] elastic arm.
i beam length (L) .0 m
A(12) 5 A 4(13) Y i es wagdd ¢ beam thickness (g) 0.003 m
7t At beam width () 0.020 m
] (13) mass per unit 0.154 kg/m
x= Ax+ BT length of beam(p)
arm moment 0.0513 kg - m?
A7)M, xE AEEEely, AL AA¥gY, B: 9 of inertia (I)
Yoy b2 o] FAFLh hub moment 52.5 kg -m2
of inertia (Is)
0 -MIK.
A= [ k 0 ] Table 1 99 A+E o188 |24 Faed 4%
& Zul= Table 2004 EE uis} o] AY dAls}
[M?Eloo---O]T 2 A
B - ]
0 Table 2. Dynamic model data.
- . 7 wi (Hz)

x o & G 8 @ gn ] mode - — — #(0) adi(0) | d2¢i(0)
xperi- | Theor & | Taxz
mental | etical

geA4 e oy 2. 0 0. 0. . 1. 0.
1 2.294 | 2.295 2. 0. 24. 7463
= Cx (14)
2 14.834 | 14.383 | -2. 0. 1033. 94
7)A, 3 [42.222 (40.273| 2. 0. 8376. 45

165



HAE -

A $R4(13) 3 8 94 (14) = Table 29

al“ AHg3I e
o] At Ape FjelnZ Aojsiey @

2 olgjgo) Dk mWEA FIT A58 ZAR o)
293, 2de A4E 24 AP Wds 248 F
do] E#e A2dL 2 F@E £ 9ojok #r) o]
ANLRGAE 32 o] FoiE AR EXd &
AEE WA GorE Ay AEE ZAT=((t) 2}
A9 AFgs ¥ Qi) (), 23 <j59
Aziol g olR 4Ee Igshe 64 A2RoR g
Ak

Ad] Ao 2RE ZHY AP B 2y
A K9] AL wils)/0(s) 9 BE A
AEHele] Ay els)/0(s) 5 A(15) 2L A(16) F
2ol g 4 Qo

yils) . 00439 (5% - 45.89%) (s® - 139.82%)
a(s) (s? + 14427) (5% + 932%)
§15))
e(s) 00119 s%(s® + 66.91%) (16)
a(s) (5% + 14.42%) (s? + 332%)

2 AYdAe YJA Aojg DC AR dA=g DC
*151 BEHE P37 Agslglon dges 38 Ag
e 4173 #e

8(s) 100

T(s) s(s + 100) 17)
4, MEAX|
£ 2718 PEEH7] 9 H3=(closed-loop)

L“:‘ﬂ-) THRE Fig.28 2ok o A2ES
AT 5F FAE HA AFEHNA de dxg 943
A7t Ba GY7le] s MEQZE Yo EE
7} 7584 51, EHY A% Up/Down HEAFE
¢l 16 Bit F1LEIE Seld DI TER Q. E3
dRe) Falg 22l AojAe o3 2Fg \EF
2 At Fabr(cut~off frequency) 7} 100Hzg) 29—
A E€6F AA A5x4 G aARZE] Az} A

AE ¥ A/D ZUEE Tl gdart )59 #HE
PHLLE FFE= LTEHIZ #AZ] Ao ¢IEYF

oA - FHE

166

Fig.2 Layout of flexible manipulator
system,

Flexible Arm

control

of s BAANE Ade TEHE EPoRM 47

@ 9de

k& Table 33 Zth

AojsiAl Aot A71M A" FHIE A

Table 3. Specification of experimental apparatus.

ltem Specification Model
Computer 32 Bit, 180486DX-33
AT Bus Type-
DC Serve 20.3 W Samick,
Motor Harmonic Drive, | RH-14-6002
Encoder.
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KFW-5-C1-111100
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