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THE ENERGY VARIATION ANALYTICAL SOLUTION FOR THE
NATURE VIBRATION OF THE SPACE TRUSS GIRDER
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Abstract: The vibration characteristics of the space truss girder has been less studied. The continuous
Timoshenko beam model is adopted to simulate the space truss girder and the equivalent bending stiffness and
equivalent shear stiffness are obtained. The nature vibration of the space truss beam is analyzed based on the
energy variational method, and the analytical solutions of vertical vibration frequency and the vibration mode of
the space truss beam can be derived. Then the finite element software ANSYS is adopted to simulate different
cases, and the frequency and the vibration mode of the space truss beam can be obtained. The frequency obtained
by the energy variational method is compared with that obtained by the finite element analysis, and consistent
results are found. The vibration modes obtained by those two methods are compared, and good agreement is
found. The analytical solutions of energy variational method can be used as a reference for engineering design of
the space truss beam.
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Fig.1 The shear angle diagram
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Fig.2 Space truss beam structure
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Tablel The section areaof sted pipe

MASS21 BUUMIA I T A5, MASS21 #5070 — B R~Fi(mmxmm) R en? || A0 R SH(mmxmm)  fiRem?
AN BANASH BRI, AR 5T i 60x3.5 6.21 168+4 20,61
TEMTEE g BEANTY b, b ) a5 b it i ) 5t 76:4 9.05 180-6 328
Tl T A DB A ), 1Y b ) o o o g
Mk e S ] R BRI AR I DU 43 2 — o A AT 258 140x4 17.00 273x8 66.6
F2 FTEMERHELSH
Table2 The spacetruss girder basic parameters
. IR o S Ve EY L CF S L CF 509 L N o7/ v A 0 o' JEEF LB%P I H A BZP AV A
L/m h/im sm b/m (mmxmm) __ (mmxmm) __(mmxmm) (mmxmm) (mmxmm)
L1 30 2 3 18 168x4 180%6 89x4 60x3.5 76x4
L2 30 2 25 14 168x4 180%6 76x4 60x3.5 60x3.5
L3 48 32 4 2.8 180%6 219x7 140%4 60x3.5 114x4
L4 48 32 3.4 2.4 180%6 219x7 114x4 60x3.5 89x4
L5 66 45 55 45 219x6 273x8 168x4 89x4 140%4
L6 66 45 4.7 2.7 219x6 273x8 168x4 60x3.5 114x4
F 3 FEMIZERHINE
Table3 Stiffness of space truss girder
eSS FUERIE E(Nxmm?) HUBTRIEE GAIN sng cosB
L1 1.505x10° 1.412x10° 0.754 0.657
L2 1.505x10° 1.250x10® 0.813 0.582
L3 5.747x10° 2.212x10° 0.795 0.607
L4 5.747x10° 1.780x10° 0.838 0.545
L5 1.518x10" 2.503x10° 0.784 0.620
L6 1.518x10" 2.789x10° 0.857 0.516
T4 BEETHEKBHINES ANSYS KIGHISREXT EE
Table4 Comparision of energy variational method with ANSY S for frequency
Fid AR I(US) AR I(US) SUg EIE) MR I(Ls)
R ME (el SRR R ME (el SRR R ME (el SRR R ME (el SRR
L1 2.173 2.164 7.582 7.212 14.427 14.020 21.686 19.965
L2 2.158 2.145 7.430 7.211 13.971 13.804 20.826 19.794
L3 1.663 1.654 5.832 5.595 11.150 10.878 16.818 15.660
L4 1.643 1.640 5.626 5.420 10.530 10.457 15.648 15.034
L5 1.413 1.405 4.842 4.634 9.068 8.847 13.481 12.576
L6 1.422 1.413 4.932 4.762 9.336 9.263 13.982 13.396
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