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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

1 3 7

WA Ry E R B & £ . FE
B BT A e RS A R A g g AR Ak A
FIAAAE B 3 12 51 2 JR 8 AR £ vk I B A B
JEARAR FE SIS A IR A AR T MR
fioh S T 32 AR A 32 AR 4 Mk R B o Y
WM A B A R TR IR R B R

AR L IR 3 FR GEAFAE IR i L3 SR I e [ S5
2 MLNER G A B HEES . Abdelhafez F
FZ REETFEXS 2 LK 3 AR M R G fE 2 40
e il 28 A T B4 3 PR S AT T AT, Zhou 4
AFIH THBM J5 ik 2R 25 /0 647 1 0 i 48
A W 151 i 25 V3%t 0 (L A BBl /D T B ARl T B A
BT R AR L S5 M TR A7 TE W L i
WRFPE . Twan'™ S5 L] FH 355 0 BELJE B 00 ok &
fibfe: s 5 3 3h $ 4 (Stick-slip Phenomenon),
Hassan"") 45 25 H 1) 4f8 552 56 44 38 00 i BT 450 A0 v, 4%
PR £ M T A B 2 3 IR OE R, Gaul DL K
Ibrahim™™ 45 & Bt ¥E 1Y Twan A& 43 B 7 1248 4%
P 4 e R BN AE O W) BT T AR i 2R L 4
(Hysteresis Loop) , & H 3 Jah 8 7 385, 25 44 &2
IR AR 26 W B AR . Hamid 553 i 58 5 43

Contact group 1

Br 22 45 H (Free-Free beam/Modal With a Lap
Joint) . G5 7 /N U B 2% T ¥ 3l (Slipping) 57 #k
FRAFLMEN R EE R ER T, AL
(Slapping) (% 4% = B2 ma A7, e R AT B
RERITE 3Z 30 9 3 T 1256 L WOl 3% Sy B R 01 % 1Y
He Oy B B 2 R Dy A O B R, 2 e
AR AL AR LR IR 5 1 LA B BRLJE (14 52 L AE 26 1
TR 45 ALY 2y 285 Wil 7 1 9 95 4 52 vl 485 4 AR E
TE /N BRI R AE T 45 A8 AT B8 7 AR B8R 1 i 17 5 4]
Il AR B 4 TR Dt i Ok ) MR 5 Wi 45 A4 ) RE 1 K
M52 W 25 28 8 A 0 B8 5 988 03 A 3 1es S 2% AR
gy A RCSE TR P BT

R S 36 5000 405 Twan 55 750 F 45 fifk A7 455 704
AR Ty ¥ R O ME AR 1 SRAE T 45 R B0 25 o N R
PE ATH R 2 52 PR RY (AR B I B . Ay T 3R A IR
i 3 4 XoF 45 A 5l 285 W) O AR R S ) R o 4
P B HE R B A A 6 T T RSB B B35
B, ARTC Gy W 43 % SR AR % A5 R AT A AT
B — T8 23 1) XoF BRL M A 3 e B R ASE R R A N J5
15 FLAT AT LA B8R0 J5 A B3 BT . 5 AR A A
PR S0 L 2 T SE A b IR 3h e R i N 32
38 ¥ Bl me ;A Y AR AR TR S T B4 R 0
it

Contact group 2

Contact group 3

BT AR &I R 2R

Fig. 1 Schematic about meshing

2 RTRE BT T 845 A

2.1 #WEEEX
EEEZA N SFR 210 mm X 40 mm X 5 mm,

Rl GE L B AN 12 mm, JIE B S E AR TR
40 mm>X40 mmX 12 mm, & M10 124 % 2 I
SR RARFIIC E . BB N 7 800 kg/m’ 5 [%
BN 2. 05X10" N/m’ AR O 0. 3, BRAR TR
JI5E LR 100 N, YR PR R . 43 ) L F



114

WM L 4 TP T MR A 3 1 R TR 2 A W I ) 2771

T R ART R | T Ak R ORI JEC A | JS JAE R IR A 2 (]
Fefh . HEAmEE AR R AR M 0. 1, SR H 3D-Bolt 52
A BAJT (IE 7 T A B0 Xof B2 AT ) B T 9E 17 I
&30 43 o e O SRR AR R bR L AR R R R e
fik DX 33 o A T ff B 5 0] 43 . R AR T /N AR 1
THFTEM BB R € L Z J5 ] iR b
5] X5 1) SR R AR BE 1), Y T [
WA T M8 1 B o . 28 ey BB P AT T 88 bt
B T, 2 A IR B DL R i e SO & 1
FER

®1 B2xs
Tab.1 Elements division
5 TR =Y JiC B
Bk 12 891 6 383 8 396

2.2 FE—MHRFENTE

W B i 38 Al i 3 R B 1) 5 AT B S
JO2 73 BT+ 205 5 A 7 W2 5 o W) IO 4 SR R AT SR R O
GrHT . K D R E SRR A R A B A

F(t) = Fysin 2><7c><at+2><7r><%‘812 , (D

Koo WA ot BX t W ESE, « Iif
(]9 . AR, SR AR B A AF 5 fe KA
Y 2 A8 RS 28 M R ATOR SEAT R, SR AT
725 e A0 38 3 R

fo=f/N=1/NT.,=1/T, (2)
Arp s N SRAE B 0 N RBESIUR, T, S RIE
[E] B NT, R RAFERTBAUE 5 IR B T,

=)
i

Displacement/mm

0.5

0 0.2 04 0.6 0.8
s

B2 120~160 Hz FMEMAEIGI T B sind [[-7 7% £k

Fig. 2 Displacement-time curve of point B under sweep

excitation between 120—160 Hz
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Fig. 3 amplitude-frequency characteristic curve of point

B under sweep excitation between 120—160 Hz
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Tab. 2 numerical amplitude under different excitation

FN:1 F]\=5 F\1=10 F\1=20

H(fY/2=69.61) 52.62 284.07 553.03 1053.99

H(fA=139.21) 29.28 344.311 311.65 2 757.35

HCRO/HO/2) 0,56 .21 2.37 2.61
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