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Dynamic Analysis of Interconnected Flexible Beams
Having Large Rigid Body Rotations

Kisu Lee*

ABSTRACT

A simple and efficient method is presented for the dynamics of interconnected flexible beams having large
rigid body rotations. A simple mass matrix is obtained by interpolating the displacements in the global
inertia frame, and the elastic force is also simply computed by using linear finite element technique with
the moving frame attached to the beam. For the beams connected by revolute joints, kinematic constraints
and relative rotations between the beams are not required and the equations of motions are time integrated
by a simple ODE technique. Numerical simulations are conducted to demonstrate the accuracy and efficien-

cy of the present technique.
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Fig.1 A typical model consisting of interconnected flexible

beams.
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Fig. 2 Two-node element in a beam.



o714

&% quA T o3 2] EAldh

1o,
T=2-4'Mgq @

Aol ME A4 2% AF, ¢ A AHdAe 4
g £52 Jeldd. fg Zo] £F A E EA s
B uRe Foz I 50 ¢ AN g2
U Bl 94 71 F7HHE 89 A& AAvt 4o
Adh,

B g4 E AN Aslde, B4 B AT
g, B Ui g4 Wgez 3 71gr) vsE 3
3] Axsor 8 C A4 Hermitian W4 5%
ol gdld Fas WS FAslol At (F HER
g AdAde B 9Ee g4 PHdoz g I A
7b B =29 #4¥ MgEY tidd tenz FAE
Aok, B4 AdAde vde 84 Bd 3t A
2ol &), & =folAe oldze 5HS Yo, Z}
Bojth 2719 AP E Ao nH ] B} go| FHolE
FEANA G MBS FHID. &, Fig. 39 ¢ 2
J9] & & Aol FFA7} FHF ] B Zo] F7 U

7z} Hojxle] g ¥y 7 Ho) FFso] Fo&
HEANN S, Bl 7 Bl AP AL A
A N3E Rat) d24 Fig. 39 B Jo| 399 A
2 A W37t BAE0] Atk o] A4 B AREY A
A9 q7h FolA Aok, A% AFP 93 A9 84
4 (w), & (w), & HE o] o3l AYd} =
g B Jo od APdAe g B 94 r]erle
AAE 3 AHoMS BF Wo] TS Zo] 232
2 At 7Hg et Adg 500

Global node number

\ @i+1)
i

Local node number
on beam J

Fig. 3 Moving frame (x,y) attached on the two end points in
beam J, the local node number in beam J, and the
global node number in beam J

110

w, =ax’ +bx+c

oM HA J& & J& /M7l A ye y @
& 7})71t}. Fig. 39 gle 2ol A A9
71871 4 (3)9 34 a. b, ot 2RSE AN
Al 4 (3)9] A< a, b, ce A i7} B B Q)
Hol opahd, A i-1, i, i+ 19149 L3¢ &4y

B o] &3t Adect =3 A 7t B EBHA A $
= £ 3339 ¥AE o] &3 (d2ZM 17} 10]8 B
1, 2, 3914 9) MY E o] &3} A4 a, b, 7t ZHE
o, ol 2 whel o5t B Jo| A oAl B4 W
Poz ¥ 7187 6/ = Tt L o] &dlo ANEG.

v [ 9w
Gi = —d— = 2axi +b
X

o3

(R orfr [ oot o

C)

Yol x & A idAe x FHolth 24, W B
9 7t A Eo] T ottF HolA glon dA it B
o £ Aol ofgaA, A (3)3 (4)el H#A the Aol
RN

_ (W;)m _(w;)i—l

J
o 2e %)
B Jo] 84 diA] Ve t-g3 2o AstEn
V= —;—(uJ)TK’u’ (6)

Aol A K'e B Jo A4 = Y24 Euler-Bernoulli
B 2 Hermitian W4 o2& o] 43 48 f3as 7
£ o]2d) 93l s AN, we B J9g HEo]
ol ATANA ZA3 B Y 2 712 74
go} gle}, d2M, gtk A 7} B £ Ho] oMm
ARE Alol9] HAo] bl we] A N HE u]
< & 2t

(Wi )i
P = (W;)i
2e

N



P2 URE R A48 H8Z (19973 8Y)

a3 AA Al2de] &5 WAL FaFA B4
o] &3t k3t Zo] RHAT

d(dr) T <
— = |-t
dt(aqi'J o Z;

oM e dd WE (5 A4 2o 1A d3),
A4 i’ ZAese 98, a8m NS A28 Axe B
o £ato|tt, 2dd w4 diRd BdldE thE o
Ay,

J

WJ B 2 auj WJ
&11" j

a
= VIV K ©)
T A g, 2

fAelA jo ke B JuiRe) A% 21 W5E 7l
o 28d 4 (2), (1), B (9 93t 4 (8)L T
7 Z2o] Mgd,

N
M + Z R'K'v'(q)=f

I=1

(10

felM H¥E R'R’ =ou’/oq") B4 AEAS 2
J9 ARHEA Atole] FAE ATY B WF ) e
of 3 4 (2K 4 (5)& Agdtd AddY. 2
AN, 2 Jo 239 AW ZEAG B4 FFA Aol 7
=7t ¢'°l2 Fig. 39 EAE AR A% 2H M3 i
7b A AR A3 iTd FEdE Yol ARANA
R g B4 AFANA ZH Aol W9 Aol
£ 4ol AdEn

(w)), _ cos¢’ sing’ {(qx)ir]
Wi | | -sing’ cos¢’ [ (@y)r

Eg ok 44 b Mol & Hol ohlT AHE Aol
7o) 2 4 (5) 2 (1)l <3k Thg ol ol

an

o,
20’
(7(qx)(i+1)' =i —sin ¢" 12)
26; 2e| cos ¢'
a(QY)(m)'

1

20!
a(q, )(i—l)’

_ -1} -sin o’
26; 2e| cos ¢’
La(qY)(i—l)'

[ 96!
o
o

a(qx)i’
26;
_‘9(‘1Y)i'

AR 7 BY o HRANAR FAE dyel 9fdld
718717 FaAT. B =ReN 98 f= 22 7}
4% 2 94880 TIHA e AA Y golnz e
3 Axd, AP Ad WY @7t FIAE &Y
He u g W PG RE Yol A3 vt} o] 44
AdHEz £5 Wy (10)E F gz 4vE 43
A @y (d2R F2EY 8)d gsted A1zt ARl 4
g 78 £t 53] ¥ =89 A+ AY §F MH %
Ax P9 Ke 299 35 J413 25 Y 75
Z7o] TR gorvg BE £59 Ao Jhsditt
(&, ot} Hol § Atole] ZQE7L 3H ZQUET} ofy
T B(qt)=0FH o9 7174 74 2] 8
THE 29EQ A % ¥4 Mg+RKu(q)
+ P A=0Ye}7} H o) A4 YL Aned
9-11 Solq A3 s gieh).

13

(14)

3. Ol & Al

Fig. 49} Zo] 2/0¢] &a8 FA4E 29 & Y73},
271 t=09 AN 4= ¥ 3 ¥, & 47 e 15
olff 7] £ BF 00]n FYd 93l LFE}
B Zolg Im,AFL bkegolx Y ZAEE
EI=10°Nm®*]|t}, £ 3d& ZF083 30|M ALS€ A
Aul, AZlME C, 9449 ¥4 FFE 14T #ds
AE AHESI T Bl B Alelel Al A4S e
WA ALgSTh =3 FnEA 39 FF 2ol Hoj

F Wy s gtk AAZE R 7)A A
9 o] W3 ZNE EAE Y 24X RBIRg 4
382, E =RdME B Zo| ¥ X EAE F
3 A= Eigl 2500 w9 2712 713 743 8l Al
e #9290 (EA7L EIRGD 84 2 A= A% 2
ol PR e G A glh). 18z 7 B fEo

14

113

HL o



ks

Beam 1

¥

Beam 2

V2

Fig. 4 Flexible two-link manipulator.
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