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Abstract — Stator turn faults in permanent magnet

synchronous motors (PMSMs) are more dangerous thathose II.  MODELING OFTWO-PHASESWINDING TURN FAULTS
in induction motors (IMs) because of the presencef @pinning A h in Fia.l th h d b windi
rotor magnets that can be turned off at will. Condfion s shown in Fig.1 the phases an windings are

monitoring and fault detection and diagnosis of theMSM have ~ described with two subwindings,, a, andb;, b, in series
been receiving a growing amount of attention amongcientists ~ respectively. While subwindings andb, are shorted via the
and engineers in the past few years. This aim of thipaper is to  resistors B and R,, to model the short circuit fault, the
present a vector controlled PMSM behaviors under iter-turn  voltage equation is written as following,
short-circuits in two phases. A test bench of a mot producing ) d .
short circuited turn in stator winding has been bult. Results V= Ri,+— L.  + &, 1)
obtained by dynamic model in both healthy and fauly dt
conditions are compared to experimental ones. Thusosie
signatures of the phase to phase short circuits havbeen Where,
performed for diagnosis purpose.
.
l.  INTRODUCTION Vel Ve Ve e V]
ermanent magnet synchronous motors (PMSM) are [ | . -
becoming highly popular in high performance's :[Ial a2 ot Ip2 Ic]
applications in comparison to other ac motors. The
condition monitoring of PMSM drives has become ifical o — [e e ]T
. . . . . S al a2 eol e02 ec
problem for various industrial applications becaasgidden
drive failure can cause serious damage and ecoabmi
losses. In such applications it is advantageousséoa drive
capable of continuing to operate in the presen@ngfsingle _

The resistance and inductance matrices are given as

point failure [1],[2]. Some of the more frequenults or R, 0 0 0 ©

high-power density permanent magnet synchronousmot 0O R, 0 0 O

(PMSM) drives are short circuits in stator windiri@$ [4]. 0 0 0 0 5
A stator turn fault in a symmetrical three-phase &chine, R = Ry @
which refers to the insulation failure in severains of a 0O 0 O R, O

stator coil within one phase, causes a large dting O 0 0 0 R

current to flow and subsequently generates exce$mat in - -

the shorted turns [5]. The concept of a fault @h¢machine - _

is that it will continue to operate in a satisfagtonanner L, M,., M., Mg, M,

after sustaining a fault. The degree of fault thatst be M L M M M
sustainable should be related to the probability itsf azal ez azor Tazbz Tz
occurrence. This paper extends the work of autf@jron L= Mpa My Ly My, My 3)
vector control of PMSM drives under stator windiimger- Moy My, Moy Ly, M.,

turn faults. A dynamic model, sensitive to two passhort M M M M L

circuits is firstly presented. Thus, an experimktdgat bench L e caz obt cb2 c
allowing studying this kind of faults is exposediwa brief

description of the implemented vector control schem Ill.  EXPERIMENTAL SETUP AND RESULTS

Finally, some results are included to show the iptiss  ap experimental setup was developed to test tHditabf
characterisation of the phase to phase short tsrouvector ¢ proposed vector control method for PMSM drivae

controlled PMSM, simply through the Park’s currents setup shown in Fig. 2 consists of a 3-pole, 1KWQGBHM

R coupled to a brushless dc motor, an IGBT-basedrievea
A dSPACE DS1104 board, and a measurement curremésrsys

Ry L, €| Re Le e, employing two Hall Effect sensors. The rotor pasitiand
M\ — O speed are measured by an encoder having a resolftio

Ry 4096 pulses per mechanical turn. The stator wirgdings

'\W modified by the addition of six connections to #tator coils

Rt Lot &y | Rez Loz ey for two-phases as shown in Fig. 3. To verify thbustness

— M\ O of the drive, experiments have carried out undedland

unload conditions. The motor was tested with sdvera

R. L. € numbers of short circuited turns. The Park’s maagll

AMN——CO— approach has been used and seems to be good pplexia

on the diagnosis of interturn stator winding steirtuits in
Fig. 1 Equivalent circuit of PMSM with inter turadlt in phasea andb. PMSMs. In this section. the implemented vector a@ns



firstly explained and its validating results arevegi in B. Vector controlled PMSM in two-phases short-circuit
h_ealthy conditions. Afterwards atwo_-ph_ases sh'mcuiis is After analyzing the stator currents in healthy mode
simulated when the vector control drive is working. phase to phase short circuit fault was simulatée. fult has

been performed between phases ‘a’ and ‘b’ with 1Gfnhs
i;if;-,“ﬁz of phase ‘a’ and 10% turns of phase ‘b’ short dtexli In
ijiz%;f these faulty conditions, the current space vector

x=10% representations are elliptical pattern as showkigs. 5a and
\V,_.am..ff%% 5b. The ellipticity increases with the severitytioé fault and

PO oI the major axis orientation depends on faulty phase.
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Fig. 2. Experimental setup: (a) photograph of tkgeeimental setup, (b)
stator winding configuration of the PMSM under test
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A. Vector controlled PMSM in healthy conditions

Fig.3 shows the implemented program in Dspace board
for the real time drive of the studied PMSM. Theittol d-q  Fig. 4 Experiment Locus af p current in faulty operating mode “x2=15%

0
urrent ialpha(A)

reference farm is fixed to the rotor flux positierich is and %=10%: (a) Unload conditions. (b) Load conditions.
defined by the rotor mechanical angle. The motdedsby a
current-controlled three phase inverter. The meichhn IV. " CONCLUSION

speed and stator currents are regulated by IPagalto  In this paper the behaviour of vector controlled$Wihas
generate the references of the PWM bloc. The operady been studied regarding to two-phase partial shiortits.
supervise the test bench through Controldesk softwaThe measurements highlight that the locusadf current
specially dedicated to Dspace device. characterises very well this kind of fault. Indeettie
obtained line varies from circular to ellipticalagle when
short-circuit occurs. The major axis of the meadwhipse
magnitude and position traduce the fault seventgach of
the two phases. In the full paper more explanatisifisbe
given on the model developing and identifying. The
experimental measurements of time variations ofectts,
speed, and torque in faulty conditions, will be pamed to
the simulation results.
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