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Abstract

Permanent magnet synchronous motors (PMSM) can be used directly in place of the induction motors (I.M) for severakipgokstrial
cations since it is characterized by high efficiency, high pdaetor, and high power compared to I.M. However, this type of motor
suffers from some abnormal conditions that result in minimizing power quality such as voltage sags, temporary disturnthdacks, a
within the network. In this paper, the behavioPdSM has been studied under the above conditions in a Matlab/Simulink environment.
It was noticed that such problems caused an increase in the amount of torque and current in this motor which impaelgdndbativ
motor speed and influenced the bebawdf PMSM
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1. Intr ion ' [
troductio 2. Short interruptions

In the last few years, permanent magnet synchronoos m ) ) .

tors(PMSM) have gained a considerable attention in the industrisshort interruption can be defined as the whole loss of voltage
and academic world [1]. Practically, PMSM= aonsidered more Whether on single phase or more for certain periods ranging from
desirable than induction motors (IM) with respect to high dut§-5 to 3 cycles [6]. A momentary disturbance always has the same
factor industrial applications such gaimp fan, and compressor cause as long disturbances, such as an inappropriate protection
because of its high efficiency, subordinate life cycle, high powdptervention and a fault in clearing the protection. When acgour
factor, and less sensitivity to supplydteency and voltage ded 1S relinked auto_matlcally within 1 minute, the produced_ case is
tions [2,3]. It is worth mentioning that its use is increasing becau§a!led a short disturbance ; however, a manual restoration of the
of the decreasing cost of commercial magnets. The excitation $PPIly leads to long interruptions. Automatic reconnections can be
PMSM can be supplied partially by using the magnets that af®@plemented by closing the circuit breaker that clednedresut
placed in theotor and could be okined partly by using the line ing fault [7]. These interruptions have a significant impact on
current. A squirrel cage is supplied to hasten PMSM from BMSM which is des_lgned to_functlon in normal condltlons such as
standstilwhen begun Gacross the | & bakngeed[sipysoidal,mpgriodicy jeatpts, yoltage juigh canp e ¢
decades, mangesearchebave been implemented in order to tes€@use huge current and torque transients.

PMSM for ecetechnique feasibilityand stability in both transient

and steady states. Conversely, the researches carried out on the ] )

reliability of PMSM in thereallife scenarios (subjection to high 2-1. Occurrence of voltage interruption

power quality challenges) are limited [5]. Currently, power quality

is a major concern in thelectrical power utility field because of PMSM is designed to operate on sinusoidal, pericieadystate
modern equipment and other motors which are sensitive to Char\@]tages. Short disturbances can increase the amount of torque and
es in frequency and vo|tage. V0|tage sags, harmonics’ and S[’ﬁjifrent in this motor. When PMSM is disconnected from the
disturbances are the major problems related to power quality tif@urce, the current in the statorceiit halts and flow into the
impact on motor perimance_ It should be clear that more thar‘PMSM This, in turn, Contl’ibutes to the dece|el’ati0n Of the rotor.
80% of the power qualityrelated issues are concerned with théOnce there is a supply disturbance, the PMSM is misplaced-direc
occurrence of short interruptions [6]. The previous studies focus& then, the rotating magnetic field produced by the stator current
only on the analysis of I.M under abnormal conditions and ignoredisappears. On the othearfd, the rotating magnetic field gertera
PMSM performanceTherefore, this paper will shed light on the€d by the magnets is maintained on the decelerating rotor.

behavior of PMSM under shetime disturbances and faults. A

Matlab/Simulink environment was used to conduct this study.
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3. Effect of broken rotor bar on PMSM ed under different cycle interruptions {5 cycles) as shown in
the figures below. The speed is obvsel to greatly reduceebause

In the lasttwo decades, many researchers studied some of t@[ergt;ﬁri’:'ifn’] %r}dtr?elr:;%rtgjrpitlsogcct%gf: dcg;tréerdooc;ﬁ 't':) tgelguspepc!)gngs
faults that occur in machines, including broken rotor lzant$. ynenrs A T
wl?lch is less than the starting time of the motor .Figures2, 3, and 4

Since 1980, several studies have been carried out in the ﬁelds owed the stator cunts falling to zero after all the interruptions
broken rotor detection. Douglas (2003)studied this type of fault ih 9 P ’

the rotor usind=FT method and Discrete Wavelet Transformer in
a transient state by changing the load [8]. A discpack tras-
former has been reportedly used to detect broken rotor bar fault
[8].1t is worth mentioning that rotor failures account for about
10% of total faults that occur in machines[9]. In this regard, many
reasons can contribute to damaging rotorshbauch as thermal
stressnmanufacturing defects, magnetic and mechanical stresses.

4. Impact of fault on PMSM

This type of fault is deemed as a powelated electrical problem
which leads to the loss of one or more phases that supply a mot
[10]. This sitiation impacts negatively on thehaviorof motors,

as demonstrated in Case3.

5. Impact of fault on PMSM within grid

Power quality is considered as an essential branch of electric pow
engineering. It plays a significant role in delivering quality power
for industrial use. Many problems can contribute to decreasing th
power quality in a system, such as voltage sag caused by so
faults during specific periods, thereby, costing several millions of
dollars [11]. Therefore, this section sheds light on som&esys
problems in the presence of PMSM during faults.

6. Simulation results

To understand the impact of the aforementioned faults, different Fig. 2: Speed, Torque and Stator Current at 2 Cycle Interruption.

cases have been considered. The motor data are given as SOV s s
each case.

Casel: short interruption

A PMSM with spedic parameters given in Table 1 is simulated in
a Matlab/Simpower system.

Table 1: Motor Parameters

Voltage in volt 220 Flux linkage  0.1852

Frequency in Hz 50 No. poles 8
Stator resistance (ohm) 1.6
Armature inductance (H) 0.000395
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Fig. 1: PMSM Under Short Interruptions. ,-‘: v,

Fig. 4: Speed, Torque and Stator Current at 6 Cycle Interruption.

A threephase supply is disconnected at @&condsonce the Case2: Broken Rotor Fault

PMSM reached a steady state. The behavior of PMSMalsay
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The dynamics of a sudden torque change on the PMSM isdeons
ered. The PMSM is connected to thy®ase sources with a small
resistive load integrated into the network. This motor is initiated
with a load of 1 p.u. When the mothes reached a steady state
condition, the torque was suddenly increased from 1 to 20 at 1
second. This increment led to an accelerated torque aectead-
ing motor speed as shown in Figure 7.
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Fig. 6: PMSM Under Normal Torque. - -
Fig. 9: Torque and Speed Under No.Load Condition.
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Fig. 7: PMSM Under Sudden Change in Torque.

Case3impact of fault on PMSM

PMSM modelare created in a Matlab environment as shown in
Figure 8 This mode is utilised to comprehend the impact of a
three phase fault on the performea of PMSM, including torque
and speed. The Simulink model comprises of 100(peak) and 50 H
3-phase source and three levels inveff&ro scopes are placed in
the system to monitor the torque and speed under different load
conditions in the presence ofttreephase fault. The fault ispa

plied during 0.01 to 0.1s.

Fig. 10: Torque and Speed Under Constant Load Condition.
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Fig. 11: Torqueand Speed Under VariabLoad Condition.

Casedimpact Of Fault On PMSM Within Grid

Different scenarios are performed to understand the influence of faults on PMSMs that run within power networks, astddrmnstra
low.

a) Normal condition
The PMSM used here consists of 3WA| 11 KV, and a 50 Hz phase source. The feeder has a transformer of 11/0.4 KV, 1MVA de

ta/star. Two scopes were situated at 0.4 and 11 KV bustidganthe voltage waveforms and other waveforms including the rotor speed,
rotor theta, and stator curramder various situations. In this case, the model runs under a normal case
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Fig. 12: PMSM under Fault within Grid.
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Fig. 13: PMSM under Normal Condition within Grid
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Fig. 15: Speedand Torque under NormaloGdition.

b) Three phase fault

A line fault mode is created in a Matlab environmenskswnin

ta/star transformer with 10 kW resistive load in the lieavieen

the motor and a 0.4 KV bus. Two scopes were placed at 0.4 and
11 KV buses to monitor the voltage waveforms and other wave-
forms, including rotor speed, rotor thetadastator current in the
presence of a thrgghase fault. The fault block was placed at 11
KV bus to simulate a threghase faultin this part, the éor-
mance of PMSM was investigated by applying a tiplease fault
asshownin the figures below. Figurek/ and 18 show vtdge sag
waveforms resulting from a thrgehase fault at 11 KV feeder
during the period of 0.18.25 s. It is noted that the KV bus
facesbig voltage sagst all phases because of the low fault re-
sistance between the three faultecedéimasshownin the figures
below:

Fig. 16: VoltageSag Caused by Three Phase Fault at 11 Bus Line.

Fig. 17: VoltageSag aRMS Scope.

It can be noted that voltage sag impacts negatively on the rotor
speed, rotor angle theta, and stator current.tMdghe values

Figure 12. This mode is used to simulate a voltage sag due to IMinessed reductions and vibrations during this period while the
faults. The Simulink model comprised of a 30 MVA, 11 KV, 50stator current g faces swelling as shown in the figure below.

Hz 3-phase source block feedingdiogh 11/0.4 KV, 1MVA del-
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