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Super-harmonic resonance experiment
about bolt connected cantilever beam
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Abstract: A single bolt connection cantilever model is used to analyze the difference of vibrational
property due to bolt-joint which is widely used in optoelectronic devices. The phenomenon of super-
harmonic resonance due to bolt joint connection is verified using the shaker experiment combined with
the signal acquisition equipment. In the case that the torque incerease, the resonance frequency of the
model increase first and then decrease. The first resonance frequency decrease when the excitation
amplitude decrease and the nonlinear structure characteristic is soft nonlinear. The energy inclined to
the natural frequency when the excitation amplitude become large while the system excited under the
sinusoidal 1/2 and 1/3 times the resonant frequency. When the system is under low pretension,
quadratic nonlinear terms in the structural response plays the major role; while at higher pretension,

cubic nonlinear term in nonlinear terms of the structural response plays the major role. The results
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about research has some theoretical and guidance about subsequent nonlinear vibration characteristic
calculation.

Key words: nonlinear vibration; harmonic response; bolt joint
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Fig. 1 Frequency analysis of response calculated by
numerical result phase space
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Fig. 4 Measuring equipment of cantilever beam
. YMC 9232 Dynamic
3 Data Acquistion System,
. Z 5.18 mV/m/s”,
3.1 YMC-LA-500
N ~ D) 20 i 5 kI_IZG
N \ , 4 YMC MS-200 , 10 mm,



DC-0~4 000 Hz,

M10 (DIN 933-1987) 210 mm X )
40 mm X 5 mm ( M5 .
90 mm X 40 mmX 24 mm) , ,0~1 N+M
4 M6 s 1~5N-M b~30 N« M
. M5 . 45

5 Q=1N-+M,F;=300 mV,L=210 mm
Fig.5 Q=1 N-+M,F=300 mV, L=210 mm Result about sweeping

1 Fz=300 mV,L=210 mm

Tab.1 The first-order acceleration resonance frequency under different torques of Fy=300 mV,L=210 mm
Q/N+«M 0.1 0.2 1 5 10 15 20 25 30
ft/Hz 600. 60 602. 00 617.70 630. 05 634. 80 642.10 642.10 638. 40 634.76

H(ft)/(me+s?) 116.00  105.34 96.13 90. 53 110.44  116.80  110.40  109.86  104.60

3.2 Segin =300 Hz; fea =900 Hz
t=200 S3 ﬁ:lo 000 I—IZO f%:617. 70 Hz ,
. H, (f2)=96.13 m/¢; 7
A ,
, 2% 3/% .
(FFT),
Q. 1 ,
N=8 K; M=3 200,
Fe =300 mV
s @<I5NM
f./(2.56 NM)=1. 22 Hz, Fr , e

. 5 Q=1N+M Q ;Q' =15 N « M, fi Q

; . . H(fY
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6 Fe=300 mV,L=210 mm f%

2

Fig.2 The first-order acceleration resonance frequency

under different load magnitude

Fig. 6 Curve about ft and H( f%) under different of Q°

of F;=300 mV,L=210 mm

Fig. 7

Q/(N+M) Fg/mV fe/Hz H(E)/(m-s?)

10 100 639.6 39.1

300 634.8 110. 4

600 634. 8 204. 6

20 100 642. 1 38.3

300 642. 1 110. 4

600 628. 4 213.9

15 100 642. 1 38.74

300 642. 1 116.8

H(fv) 600 638. 43 220. 23
30 100 637. 2 40. 1

300 634.8 104. 6

600 634. 8 204. 1

Sweep results under different magnitude
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3.3 3
FFT 1.2 Q° Tab. 3 Accleration response under different level of
10.15.20.30 N « M Fy voltage excitation
100, 300, 600 mV, /(m e s %) Fp=300 mV Fr=600 mV Fy=900 mV
o 2 H(fe) 2.03 3.41 5. 30
R 7
H(f%/2) 0.41 0. 88 1. 27
, Fy 100 mV 600 mV
HC . H(fw 0.83 2.80 5. 00
’ H(f%/2)/H(fe) 0. 20 0. 26 0. 24
- Q103N M HW/Hfe) 41 82 94
]- & 0. 0. 0. ¢
, Fy s I i ’
3.4 9(a) LH(fY/2) H(fD
3.2 ,Q =5 N+ M, fi =630. 05 Hz, Fy ; - 9(b)
fe=/f%/3=210.00 Hz, f}/3 H(fe)/H(fe)  Fg HCf2/2)/
y Q"=5 N+ M, H(fe) ° ’
300,600,900 mV . H(fL). Q=5N-M ,
H(f4/2) \H(fy) 3. 3 .
(a) H(f  Fe (b) H(OH/H ) f=12/2, = [t fe=fE/3 Fe
(a)Curve about amplitude H( f)-Fg (b)Compared with the amplitude of the response curve
9 Q=5N+M
Fig.9 Q =5N-+M
3.5 H(fl).)/H(fl-) 10 ° Q():
Q° 0.6~25 N+ M, 5N+« M,
JE SfE Q=15 N-M ,
1/3 s fe=fr/3, . Q<5N-M |,

o

Fy=300 mV, H<f(12:)\H(f{ij:/Z)‘H(fE)

4 o

b

fe=ft/3 . H(W

o
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4 fe=/r/3
Tab. 4 Accleration response under different loads fr= f%/3
Fg Q" /(N « M) 0.6 1 5 10 15 20 25
Fz=300 mV H(fg) 2.76 2.57 2.03 1.61 3.05 3.03 3.09
H(fx/2) 0.08 0.06 0.41 0. 24 0.03 0.03 0.03
H(f%) 0.02 0.03 0. 84 0.29 0. 08 0.12 0.13
HC) /HCOfe) 0.01 0.01 0.41 0.18 0.03 0. 04 0. 04
Fy=600 mV H(fe) 5.62 5.16 3.41 3.50 6.01 6.01 6.18
H(fL/2) 0. 30 0.23 0. 88 0. 62 0.07 0.06 0.03
H(f%) 0.12 0.21 2.70 1.23 0.32 0. 45 0.38
Hfe)/Hfe) 0.02 0. 04 0.79 0. 35 0. 05 0.07 0. 06
Fr=900 mV H(fr) 8. 45 7.81 5. 31 5.76 9.05 9.05 9.27
H(f:/2) 0.65 0. 47 1.28 0.98 0.03 0.03 0.05
HfY 0.11 0.72 5.03 2.49 0.65 0.52 0.45
HC) /HCOfe) 0.01 0. 09 0.94 0.43 0.07 0.06 0. 04
5 fl-::f(::/z
Tab.5 Accleration response under different loads fr= f%/2
Fg Q" /(N « M) 0.2 1 5 20

Fz=300 mV H(fg) 0. 46 2. 80 2.75 2.68

H(f®) 0.30 0.02 0.08 0.06
Hf2) /Hfe) 0. 65 0.007 1 0.029 1 0.014 5 0.022 4

Fg=600 mV H(fe) 1.01 5.58 5.48 5.35

H(D 0.77 0.08 0.30 0. 30
HC /HCf) 0.76 0.014 3 0.054 7 0.02 0.056 1

F:=900 mV H(fe) 1.70 8. 37 8.23 8.02

HCD 1. 40 0.24 0.52 0.55
HC/HOf ) 0. 82 0.028 7 0.063 2 0.034 0 0.068 6

(a) fe=fr/2 (b) fe=f%/3

10 Fp=300 mV.Fg=600 mV.Fs=900 mV.H(f%)/H(fi)
Fig. 10 F=300 mV,F;=600 mV,F; =900 mV,Ratio about H(f%) and H(fi) under different excitation
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