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Transformation of Dynamic Loads into Equivalent Static Loads
by the Selection Scheme of Primary Degrees of Freedom

Hyungi Kim, Maenghyo Cho

Key Words :  Primary Degrees of freedom(AH =), Equivalent Static Loads(‘s 7} % 8}%), Critical Time (%] &
A]ZF), Two-level condensation scheme(2 YA 5 4~ 7] H)

Abstract

The systematic method to construct equivalent static load from the given dynamic load is proposed in the present
study. Previously reported works to construct equivalent static load were based on ad hoc methods. They may results in
unreliable structural design. The present study proposes a selection scheme of degrees of freedom(d.o.f) for imposing
the equivalent static loads. The d.o.fs are selected by Two-level condensation scheme(TLCS). TLCS consists of two
two-steps. The first step is the energy estimation in element-level and the second step consists of the traditional
sequential elimination precudure. Through several numerical examples, the efficiency and reliability of proposed
scheme is verified.
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First condensation step
in element—level

(b)

Second condensation step
by sequential elimination

Fig. 1 The reduction scheme by TLCS
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=olth

The extraction of Ritz vector

=

Element Selection by energy estimation

=

Construction of Reduced system

=

First condensation step
in element-level

Sequential elimination scheme

us

Second condensation step
In degree of freedom-level

Construction of final reduced system

Fig. 2 Two-step algorithm of TLCS to construct a reduced

system
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3.2.1 AFZ E(SHAFT)

Clamped B.C

E 210 Gpa

Mass density : 7850 ka/m?3
Element : 3705 (tetrahedron)
MNode : 1193

Clamped B.C

Fig. 3 Analysis condition of shaft
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(a) 100 elements selection (b) Nodes associated with 80 degrees of freedom
by element-level selected by sequential elimination

Fig. 4 The selection result of primary D.O.F by TLCS
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Clamped B.C

486 mm E:1x107Pa
Density @ 0. 1ka/m3
Foisson ratio © 0.3
Thickness : 0.5 mm

Element : 256

— z NODE : 287

Clamped B.C
Fadlus © 40.35mm

Fig. 5 Analysis condition of cylinder tube
Fig. 5 AHT Aot 4 44 flat 8 4AE At
gata 9low, F 1722 /e AFEZ FAH
9lt} Fig. 6 & FA% A& ZAz}olr},

(a) 40 degrees of freedom (b) 60 degrees of freedom

Fig. 6 The selection result of primary D.O.F by TLCS
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Fig. 11 The selection result of primary D.O.F by TLCS
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Table 2 The displacement comparison between the Equivalent
force and Time response

7t Aots | AR
Node Num. D.O.F W 9] (%] A A 7H)
56 3 0.0997 0.0297
62 3 0.0992 0.0297
101 3 0.3082 0.1818
143 3 0.5284 0.4101
155 3 0.6518 0.5517
188 3 0.8428 0.7840
215 3 0.0000 0.0000
218 3 1.1090 1.1080
221 3 1.1081 1.1080
4.3 3435t=5te Al /FE
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A g E 1R, ¥ SHdAE I
AZF A=A dopdaFe 400mm, WS
F(526t5)
E =210Gpa
v=0.3
t=2

p="7850kg / m’
totald.o.f:1014

B8.C = imposed

imposed

Fig. 12 Analysis condition of cylinder tube
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Fig. 13 The selection result by TLCS
(): Selected D.O.F (1.u, 2.v, 3.w)
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I owje] FHo WLk st dEEd 44 163 W
o] A w WEFo = 25948 mm ©]T}.
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Fig. 14 The global deformation and maximum displacement
position at the critical time
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Table 3 The displacement comparison between the equivalent
force and time response

7t Aeks | ARBSH
Node Num. | D.O.F W o] (917141 7h)
58 2 0.1420 0.0973
88 3 2.9090 2.9547
108 2 -2.2807 -1.8877
108 3 3.5211 2.5362
140 2 7.1943 6.5357
140 3 2.3343 1.9647
145 2 -12.7222 -10.2814
151 3 20.8822 16.8060
152 2 4.7746 3.9807
163 1 -3.2401 -2.4701
163 3 33.6129 25.9484
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Fig. 15 Analysis condition of truss structure
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Fig. 16 Time response of the maximum displacement position
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Table 4 The displacement comparison between the equivalent
force and time response

%_7}- Xéﬁ]—%‘ }\]Zl'%%
Node Num. | D.O.F | (AAA T
10 2 0.0857 0.0645
T 3 3.5473 3.3336
08 3 3.5378 3.3290
T 2 -0.3788 -0.3722
T 3 1.9031 1.8508
20 2 0.3379 0.3282
20 3 1.9096 1.8535
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