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A Study on Static Equilibrium of Linked Bar Structures

Kim, Kyung-Nam

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University
Supervised by Professor Eun, Hee-Chang

Summary

This paper determined the static equilibrium positions of linked bar
structures. The static equilibrium positions are defined as the ones to
minimize the variation of potential energy and can be obtained from
the equation of motion at freezing time. Assuming each bar of the
structure as a rigid body, the equation of motion for the structure
must satisfy its rigid body condition. In order to combine both the
equation of motion and the constraint equation, it is necessary to
numerically calculate a weighting matrix to minimize the variation of
potential energy and the generalized inverse method gives an explicit
weighting matrix.  Thus, with the modification of the generalized
inverse method to explicitly describe the constrained motion, this paper
presented a simple method to determine the equilibrium positions of
linked bar structures, and the validity of the method was illustrated by

two simple bar structures.
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Fig. 1. A simple pendulum ————-————""—""""""—"—"———————————

Fig. 2. A three-joint link bar structure --————--——-—---—---"------—-

Fig. 3. A five—joint link bar structure
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e 2] BebgE gHelA 2 el 73t ofe] mE Sy dolsh 4
o
0,=—n/3, 6,=n/3, 6;=x/3

[y cos @, + I, cos 05+ I3 cos 65 = 1750
[, sin 0, + Iy sin 0y + 15 sin 05 =0 (3.18)

2 94 W9 geE 2489 Mo A 41
d gHe geow AEdn
0,=—1.6933, 0,=0.251, 6;=1.7014 (3.19)
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1.7381

0,=—1.7383, 0,=—0.0035, 05
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A, B Cy ByCy ByCy BsCy
BCy, Ay B3Cy BgCy BiCy
M= | ByCs B3Cy Az  BgCy ByCss
ByCy BgCoy BsCsy Ay ByCys
BsCsy B:Cys ByCs5 By yCys  As

Gicos 0,
Gycos 6,
F=—| Gscos 05|,
Gycos 8,
Gscos G

A :[ lein(gl ZzSin(gz lgSin63 Z4Sin(94 Z5Sin(95 ]
! lycos @) lycos @y l3cos Oy [jcos 8, [scosOs

b1=
/1 cos 0+ Iy cos 04+ I3 cos 05+ 1, cos 0+ I5 cos 05— z,
l;sin @+ [y sin 0y + /3 sin 85+ [, sin 8, + /5 sin 05 — 2z,

(3.22)
A =1+ (%L + Mg+ gt my+ mS)l%,
A, =TI+ (—’Zz + g+ my+ m5)1§,
Ay=1I+ (—’Z& + o+ m5)1§,,
A=1I+ (% + ms)zi
A5=15+—’Zfi 2

Bl = (4”242L + WZ3+ m4+ n’l5)lll2,

BZ == (47}21?L + m4+ m5)11137

(ﬂ:i + W’Z4+ n’l5)l2137

By 9

B4 (%+M5)lll4y

m
B5 == 42€L 11151
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BG = ( 7}24 + 7}15)12[4a

m
B7 == 42i 1215,

Bg = ( 7}24 + 7}15)13[4’

m
B9 == 42i 1315,

Byy= 9 Ul

G, = ( n24 + my+ my+ my+ m5)gll,
G, = (—”;Z + myt my+ m5)g12,
Gy= (%1 +my+ m5)g13

G,= (% + m5>gl4,

Gs= (—”2“5)%

C;= cos(0,—6,)),

Sz'j: Sin(@i_ 6])

G2 Ang Q7] Askel dew e weH

J|m

A 27 20E& AHE

g=9.8, mi=m3=2, my=3, my=1.5, mzy=1.2
;,=500, /=200, l3=500, /,=350, [5=130
0,=—n/3, 0,=n/10, 6s=x/5, 0,=—n/4, O5=n/3
lycos 8, + Iy cos 4+ I3 cos 05+ Iy cos 8, + [5 cos 05 =1157

[isin@,+ /y sin 0y + I3 sin G5+ [, sin 4+ /5 sin 05 =— 212 (3.23)
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