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Second super-harmonic resonance response of cantilever beam
with bolt joint under low pretension
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Abstract: To obtain the effect of bolt-joint in a theodolite on the dynamic response of system., the
nonlinear property caused by assemble connection was researched. A single bolt connection cantilever
model was used to analyze the change of structure vibration characteristics from the bolt-joint. Then,
the finite element method was employed in the simulation analysis in time domain for the nonlinear
vibration characteristics of cantilever model connected by the bolt joint under low pretension, and the
phase diagrams under different loads were obtained. With Fast Fourier Transfer method, the super-
harmonic resonances under 1/2 natural frequency excitation were pointed out. By an exciter
experiment, the response amplitudes by free vibration and forced vibration were given. respectively,
and the simulation results were verified. It shows that the greater the excitation magnitude is, the

greater the impact from the nonlinear term is. This method has guiding significance for research on
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nonlinear vibration characteristics of connection structures.
Key words: photoelectric theodolite; bolt joint; contilever beam; structure vibration; nonlinear

vibration; harmonic resonance
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Fig. 1 Schematic about meshing
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Fig. 3 amplitude-frequency characteristic curve of point
1 B under sweep excitation between 120—160 Hz
Tab.1 Elements division 1 A i
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Fig. 2 Displacement-time curve of point B under sweep

excitation between 120—160 Hz
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Fig. 4 Displacement time curve of Fy=1 N, f= /2
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Fig. 5 Amplitude frequency curve of Fy=1 N, f= /2 Fig. 6 Fy=1N,/=//2
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Fig. 7 Amplitude frequency curve and phase diagrams of f= f%/2
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Tab. 2 numerical amplitude under different excitation

Fy=1 Fy=5 Fy=10 Fy=20
H(f4/2=69.61) 52.62 284.07 553.03 1 053.99
H(f%=139.21) 29.28 344.311 311.65 2 757.35

HCAO/HGR/2) 0,56 1.21  2.37 2.61

4
4.1

YMC 9232Dynamic Data Acquistion
System, A

5.18 mV/m/s*,
YMC-LA-500 s

20~5 kHz, YMC MS-200
, 10 mm, DC-0-
4 000 Hz, M10 (DIN
933-1987) 210 mm X 40 mm X5 mm
( 90 mm X 40 mm X
24 mm) ; 4 M6
M5
, 2 M5
o 0.2, 45

9

Fig. 9 Measurement system

4.2
F:=300 mV,
200~2 400 Hz . t=200 s,
f.=10 000 Hz.
YMC9800 Z
; N=8 K.
M=3 200;
f./(2.56XMy=1.22 Hz,
10Ca) s
fr=621 Hz . H,(f£)=18.03 m/s*,
10(b) f=r/2, Fe=
300 mV . H,(fv/2)
=0.460 9 m/s*, H, ( f£) =0. 298 8 m/s",
10(o) 10(d) f=re/2,

Fr =600 mV, 900 mV
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(a)

(a) FFT result about sweep excitation

(c)Fg=600 mV
(¢) Amplitude frequency of Fr =600 mV
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Fig. 10
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Tab.3 Amplitude response to different excitation voltage

/m/s* Fg=300 mV Fyz=600 mV Fg=900 mV
H(f%/2) 0.46 1.01 1.70
H(f% 0. 30 0.77 1. 40
H(fw)/H(f%/2)  0.65 0.76 0. 82
Se/2 H(fe/2)  fe
H(f) 3 . 3 .
Hf2)/H%/2) Fy
. [=1E/2, ,
s Fe SH (fe/2),

(b) Fg =300 mV
(b) Amplitude frequency of Fr =300 mV

() F=900 mV
(d) Amplitude frequency of Fr=900 mV

f=re/2
f=rr/2
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