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Damping of vibration in an electric drive system with a long
elastic coupling

Abstract. In the paper the uncomplicated structure of the active limiter of current reference for a BLDC motor control system is proposed. The limiter
allows for uninterruptible operation of a speed controller due to the automatically adjusted rate of change of angular velocity reference depending on
actual moment of inertia. The results of investigations, which confirm the effectiveness of the proposed structure, are presented.

Streszczenie. W artykule zaproponowano nieskomplikowang strukture aktywnego ogranicznika pradu zadanego w uktfadzie regulacji predkosci
katowej silnika BLDC, ktéra umozliwia bezprzerwowe dziatanie regulatora predkoS$ci dzieki automatycznemu dostosowaniu szybko$ci narastania
predkosci zadanej do dowolnego momentu bezwtadno$ci. Zaprezentowano wyniki badan, ktére potwierdzajg skutecznos$¢ dziatania proponowanej

struktury. (Tfumienie drgan w elektrycznym ukiadzie napedowym z dfugim elementem sprezystym).
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Introduction

Rapid development and diversity of electric drive systems
require extensive theoretical and practical knowledge as
well as the use of a wide range of theoretical and
constructional solutions from the contemporary designers
and users. Electric drive systems are used in all branches
of industry, therefore, the trouble-free operation of these
systems is of crucial importance. An analysis of the states
of electric drive operation is often related to ensuring its
safety. A key issue is to detect the mechanical resonance
phenomenon or the phenomena close to resonance as the
most unsafe ones for the system. Ignoring the analysis and
the ongoing diagnostics of vibrations in electromechanical
systems results in many failures [1, 2].

Electric motor, being a part of an electric drive, is
coupled with a working mechanism via a driving shaft that is
an element of mechanical power transmission. Mechanical
power transmissions can be single-path or multi-path and
can also include gear trains and clutches [3, 4]. The long
driving shafts, defined as transmission shafts, are used first
of all in the drive systems for the steel industry, mainly in
the drive systems for rolling mills — the transmission shafts
are over 10 meters long and their diameters are of 0.5 to
0.8 m [1-8]. Transmission shafts are also used in drive
systems for polymerization reactors [5]. The length of these
shafts is from 4 to 7 meters. Moreover, transmission shafts
are used in hydro generator sets, ship drive systems,
submarine drive systems, etc. [1].

Control systems for electric motors are usually equipped
with the controllers of position, speed and current or torque,
e.g. [10]. Step change or rapid change of angular velocity
reference result in the temporary lock-down of the speed
controller as a consequence of the applied limiter on the
controller output (current reference limiter). Particularly
negative consequences of such lock-down can be observed
in drive systems, in which there are long elastic couplings
(transmission shafts) between an electric motor and a
working machine. As a consequence, transmission shafts
are being twisted and moments of torsion of significant
magnitude occur. The amplitude of these moments can be
much higher than the rated torque of motor.

In the paper the uncomplicated structure of the active
limiter of current reference for a brushless dc (BLDC) motor
control system is proposed. The limiter allows for
uninterruptible operation of speed controller due to the
automatically adjusted rate of change of angular velocity
reference depending on actual moment of inertia.
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The electric drive system with a long elastic coupling

The investigated drive system includes the BLDC motor
of 4 kW with a control system, steel transmission shaft of
length 0.66 m and diameter 0.008 m, the additional rotating
mass with moment of inertia J; and dc generator (Fig. 1) [1,
2]. Two rotary incremental encoders with a resolution of
3600 pulse/rev, installed on the transmission shaft ends,
are used to measure angular displacement and angular
velocity. Hall effect transducers were used to measure
motor phase currents. The measuring signals from the
transducers are sent to a laboratory computer equipped
with two multifunctional | / O devices.

In Fig. 2 the block diagram of a standard structure of
BLDC motor (BLDCM) control system is shown. Closed-
loop controllers of rotor angular velocity and armature
current are included in the system, e.g. [9]. Similar solutions
are used to control both brushless and brushed dc motors,
but the armature current of brushed dc motor is obtained as
a result of a direct measurement. It should be noted that
also control systems for ac motors include speed controllers
and current controllers or alternatively torque controllers,
e.g. [11].

In Figs. 3 to 6 the exemplary waves of angular velocities
at shat input and output, difference in angular velocity and
angle of shaft twist for the investigated drive system during
starting a motor, an idle run and a run under load, respecti-
vely, are shown [1]. The waves were obtained by using both
computer simulation and measurements on the test stand
(Fig. 2). The long driveshaft modelling algorithm based on
an electric transmission line [1] was used in the simulation.

Fig. 1. A photo of the investigated electric drive system
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Fig. 2. A standard BLDC motor control system, where SC is speed
controller (angular velocity controller), ST is Schmitt trigger, RPS
are rotor position sensors (Hall effect sensors), HC is Hall code,
ACC is armature current calculator, ESS is electronic signal select
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Fig. 3. Angular velocity at shaft input vs. time

100 -
90
B0 cfesssiniass
T e
60
50
) E—
304

20
10 o

Angular velocity at shaft output [rad/s]

Time [s]

simulation

100
90
80
70
60
50
40
30
20
10

0

2 4 6 8 10
Time [s]

Angular velocity at shaft output [rad/s]

experiment

Fig. 4. Angular velocity at shaft output vs. time
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Fig. 5. Difference in angular velocity vs. time
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Fig. 6. Angle of twist vs. time

The parameters of 4 kW BLDC motor and steel transmission
shaft of length 0.66 m and diameter 0.008 m, according to
the real laboratory setup elements [1], were taken into
simulation. The end of the transmission shaft was loaded by
a rotating mass J; = 0.11 kg-m2 and a mechanical torque of
rated value

A lock-down of speed controller is clearly visible within
the first second of starting a motor i.e. from the instant when
a step change of motor angular velocity reference occurs at
the system input (Figs. 3 to 6). However, as far as the
speed controller exits from the limiter zone, the vibrations
are damped quickly as a consequence of unlocking the
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speed controller operation. In addition, a standard control
system (Fig. 2) reduces vibrations effectively without the
additional damping circuits or devices.

The active limiter of current reference for a BLDC motor
control system

The solution for vibration damping at each operational
state of drive system, also during starting a motor, is a
slowdown of the angular velocity reference rate of rise.
However, the intensity of such slowdown should correspond
with actual moment of inertia of motor rotor and rotating
masses connected to it. In more complex working mechanisms
this task requires determination of an equivalent moment of
inertia expressed in motor shaft terms. Instead, this paper
proposes the uncomplicated structure of the active limiter of
current reference (Fig. 7) which allows for uninterruptible
operation of speed controller due to the automatically adjusted
rate of change of angular velocity reference depending on
actual moment of inertia. This structure may be connected to
the standard BLDC motor control system (Fig. 2).
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Fig. 7. Active limiter of armature current reference, where C is
speed comparator, | is integrator, NF is nonlinear function

In Figs. 8 to 19 the exemplary waves of angular velocity
reference, difference in angular velocity, angular velocities
at shat input and output, electromagnetic torque of motor
and angle of shaft twist in the investigated drive system
equipped with the proposed active limiter of current
reference (Fig. 7) are shown.
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Fig. 9. Difference in angular velocity vs. time, J, = 0.11 kg-m2
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Fig. 10. Angular velocity at shaft input vs. time, J, = 0.11 kg-m2
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Fig. 11. Angular velocity at shaft output vs. time, J, = 0.11 kg-m2
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Fig. 12. Electromagnetic torque of motor vs. time, J, = 0.11 kg-m2
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Fig. 13. Angle of twist vs. time, J. = 0.11 kg-m2
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Fig. 14. Angular velocity reference vs. time, J, = 0.94 kg-m2
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Fig. 15. Difference in angular velocity vs. time, J, = 0.94 kg-m2
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Fig. 16. Angular velocity at shaft input vs. time, J, = 0.94 kg-m2
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Fig. 17. Angular velocity at shaft output vs. time, J, = 0.94 kg-m2
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Fig. 18. Electromagnetic torque of motor vs. time, J, = 0.94 kg-m2
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Fig. 19. Angle of twist vs. time, J, = 0.94 kg-m2

The same operational conditions were taken into account
like for the described previously system with a static current
limiter (Fig. 2) i.e. starting a motor, an idle run and a run
under load, respectively. The end of the transmission shaft
was loaded by an additional rotating mass J. = 0.11 kg-m2
and 0.94 kg-mz, respectively, and a mechanical torque of
rated value.

Conclusions

In the paper the uncomplicated structure of the active
limiter of current reference for a brushless dc (BLDC) motor
control system is proposed. The limiter allows for
uninterruptible operation of speed controller due to the
automatically adjusted rate of change of angular velocity
reference depending on actual moment of inertia. The
proposed solution allows for damping of vibration at each
operational state of drive system i.e. during starting a motor,
an idle run and a run under load, etc. This is particularly
important in drive systems, in which there are long elastic
couplings (transmission shafts) leading to the significant
level of vibration in mechanical system.
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