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Analysis of Displacement Subsection PWM Control and Dynamic Characteristic for

Closing Process of Permanent Magnet Contactor
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(Engineering Research Center for Motion Control of MOE, Southeast University, Nanjing 210096, Jiangsu Province, China)

ABSTRACT: A control strategy of displacement subsection
was proposed based on analyzing closing characteristics of
permanent magnet (PM) contactor. The armature displacement
was detected in real time so as to adjust the pulse width
modulation (PWM) duty ratio of control voltage. The dynamics
attraction force and anti-force characteristics of PM contactor
matched well so that the optimum closing control
characteristics was achieved. Dynamic characteristic equation
of closing process under the PWM intelligent control of
displacement subsection was established by coupling the
voltage equivalence equation and mechanical motion equation.
Simulation results of the whole closing dynamic process of PM
contactor using 4-order Runge-Kutta method coincided with
experimental results well, so the validity of dynamic
characteristic equation and simulation method was verified.
Finally, an optimum control method was proposed by
comparing four different subsection PWM control methods
experimentally with the proposed control strategy, which could
decrease the closing velocity of movable contact and armature
of PM contactor significantly, and could reduce the first and the
second contact bounces.

KEY WORDS: permanent magnet contactor; intelligent
control; closing process; displacement subsection; dynamic
characteristic
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Tab.1 Impact of parameters change on closing process
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Fig. 1 Intelligent control principle of PM contactor
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Fig. 3 Main circuit principle of PM contactor
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Fig. 4 Simulation and experimental results of
displacement and velocity
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Tab.2 PWM control scheme of displacement subsection
LES T/ms a a an aw ay
1 2 0.8 0.8 0.8 0.8 0.8
2 2 0.8 0.7 0.6 0.5 0.4
3 2 0.8 0.6 0.4 0.3 0.2
4 2 0.8 0.4 0.3 0.2 0.1
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Tab. 3 Test results under four PWM control schemes of
displacement subsection

% ta/ms  ta/ms Ny tww/Ms tume/ms  Vas/(MIS)  Vax/(mls)

1 23.2 59 63 415 19.2 1.25 1.65
2 215 49 54 402 19.5 1.06 1.49
3 213 38 32 38.6 20.1 0.82 1.26
4 20.2 22 1.9 36.7 20.2 0.69 0.98
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Tab. 4 Optimum duty ratio combination under
five operating voltage

TAEHE ulV [21] a ann [21V] [24Y]
160 0.65 0.41 0.34 0.28 0.14
180 0.61 0.36 0.30 0.24 0.12
200 0.55 0.33 0.27 0.22 0.11
220 0.50 0.30 0.25 0.20 0.10
240 0.45 0.27 0.22 0.18 0.09
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Tab.5 Comparison of intelligent control schemes
with and without PWM

TAEH Vil (M/S) Vil (MVS) tu/ms
uv L R L v A L A i
160 0.37 0.86 0.65 1.13 1.87 3.60
180 0.38 1.05 0.66 1.46 1.88 4.90
200 0.40 1.26 0.68 1.68 1.90 5.90
220 0.41 1.45 0.68 1.93 191 6.20
240 0.43 1.62 0.71 2.16 1.92 6.90
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Fig. 7 Contact bounce waveforms of intelligent control
with and without PWM
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