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Study on Closing Vibration and Deformation Characteristics of Fast Mechanical Switches
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Abstract: The electromagnetic driving force of fast mechanical switches during the closing process is relatively
small compared to that during the opening process , making it more susceptible to external disturbances. The long-
term operation in this condition may lead to degradation or even failure of closing performance. However, the stud-
ies on the closing characteristics at present are still limited. In this paper, an in-depth experimental study is carried
out on a prototype of a fast mechanical switch, investigating its closing characteristics under long-term operation
from perspectives of vibration and deformation. First, a closing characteristic experimental platform is established to
acquire motion, vibration, and deformation data of the switch under long-term operation. Then, the influence of ca-
pacitive voltage and friction coefficient on the closing operation is studied. The result shows that a slight decrease in
the closing apactive voltage can significantly reduce the average closing speed. When the voltage drops by approxi-
mately 3%, the speed decreases by about 23%. Then, time-frequency analysis of the closing vibration signals is con-
ducted. It is found that the vibration signals on the plane of the opening /closing coils are the most prominent, with
the impulse energy primarily concentrated within the 0~5 kHz, and partcularly stronger in the 0~2 kHz range. Fur-
thermore , both the reduction of closing capacitive voltage and the increase of friction resistance tend to diminish the
spectral peak values of the vibration signals. Finally, the deformation data is analyzed in combination with stress
simulation. The result shows the deformation of the link in the holding mechanism gredually increase with the num-
ber of switching operations. The degree and rate of deformation on the left side are both greater than on the right
side, while the link of the actuating mechanism does not exhibit significant deformation.
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Fig.1 Structural diagram of the fast mechanical
switch prototype
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Table 1 Main parameters of the fast mechanical switch
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Fig. 2 Schematic diagram of the closing characteristics

experimental platform
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Fig. 3 Experimental results under different
closing voltages
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Fig. 4 Experimental results under different

friction conditions
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Fig.5 Vibration signal acquisition procedure
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Fig. 6 Accelerometer mounting locations
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Fig. 7 Vibration signals during the closing process at

different locations
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Table 2 Time-domain indices of vibration signals from

six locations
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Fig. 8 Frequency spectrum of vibration signal at location 4
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Table 3 Time-domain indices of vibration signals under

different closing capacitor voltages
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different closing capacitor voltages
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Table 4 Time-domain indices of vibration signals under

different friction conditions
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different friction forces
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linkage during the closing process
42 BMEMNEFRE
M —/NTRT L Y PR A B A L 142
FEAETT AL Bl 1 i B RS2 R 7 g s o
FEPGHEHLAEF T 1000 220 504 IR E i R v
iz [ 5 0] Bl o B AR FRIE AL o B 10 2 0501

LR
|

E14 ELTNEIZWFESE

Fig. 14 Deformation measurement experimental platform

Sy R, AL e PRE AU A
AR PRSE MU SEPRA T 73 A B T
R+ CA-200MS [ AL I v B O B KA1 R R
PEE N, BUG B 2 e Rt as e = b
RLAL P EAT oA AL B, DTS B DR AT RO TP
ARBCHE o BILR A T B4 A DO e A RO
bRt RS HER A 0.01 mm, 515222 4 +0.03 mm,,
43 TEHREUNESR

PRS2 EH EATE B I i 45 2R LR 15, BESh1E
UCECE N, WS4 AT 64 £ 078 3 ) 5 45 TRDIRAS R
PR GBI A B AL R EE AN L 0.01 rad o
BEAM RS K B, 65 1 070 L4045 I SR 5 , AR5
A R A T 2R W R T AT Rl LAL
55 4.1 105 BLAR P R EEFT RO N AP X
ORAT . RIS SEIE T S5 R A A I R 25 T 2 1
FLISE BESA I/ INZ AR IV T, B e PR A5 I AT O 4
P B

E— 2536 I A ORI B B e A T ST oA ek
PG G5 I L3R 5 .6, 25 4B T AR R g
TE , ARIEZE SR ZE SIS FEWTIN 1R 2 R R 5T
RSP ORI S A O



= T 65 GIS/GIL A H AR

BTG, R, AR, S PEEH UG YRS ST AR + 57 -

oot e AR
0.641 —— SR M
: —— R

0.60} —— GRS
=
e .
& (52 [oAVRIRG T AR

048 M-Jl\"“’w VA AR Vs e TV e TV . \

044} , ‘ .

0 400 800 1200

HEL
E15 RIFREETRAOVELR
Fig. 15 Measurement results of the included angle 8 for
the holding device linkages
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