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Abstract. Fast switching transients and common mode voltage
generated by pulse width modulated voltage in Highuency
applications may cause many unwanted problems asicthaft
voltage and resultant bearing currents. The majectibe of
this research work is to analyse shaft voltage @ggiom in a
doubly-fed induction generator (DFIG) with a baak hack
converter. A detailed high frequency model of theppsed
system has been developed based on capacitive irgsipl
between different objects of the machine. The psegdomodel
can be used for shaft voltage calculations and irfind
parameters which have key effect on shaft voltagerasultant
bearing currents. A discussion about the preseastdthique for
shaft voltage elimination in existing literatureakso presented
based on mathematical analysis and simulations.
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Fig.1 shows a DFIG with a four-quadrant AC-DC-AC
converter connected to the rotor windings whichbégs
decoupled control of active and reactive power.
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Fig.1. a DFIG with a four-quadrant AC-Dc-AC conwart
connected to the rotor windings

Power inverters are widely used in wind energy esyst

to convert AC output voltage of generators withiatale
frequency to an adjustable AC voltage for grid
connection. On the contrary, there are many p&asit
capacitive couplings between different parts oftiie
machine structure which may be neglected in low
frequency analysis but the conditions are compjetel
different in high frequencies. In fast switching
converters, a low impedance path is created for the
current to flow through these capacitors. Due tpida
developments of IGBT technology, switching frequenc
has dramatically increased. High dv/dt (fast swiitgh

transients) and common mode voltage generated by a
power inverter in high frequency applications canse
unwanted problems such as: shaft voltage and aggult
bearing currents, grounding current escaping tdhear
through stray capacitors inside a motor, conducted
radiated noises. Common mode voltage is known as a
potential origin of shaft voltage.

Fig.2 shows the structures of a DFIG where the giica
capacitive couplings exist between: the stator wigd
and rotor (G), the stator winding and stator frameyC
between the rotor and stator framesg)(Gtator winding

and rotor winding (Gy), the rotor winding and rotor
(Cw), rotor winding and stator frame (§ and ball
bearing and outer and inner raceg(C,,).
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Fig.2. Capacitance coupling in a doubly fed induttieachine

Fig.3 shows the arrangement of a DFIG with a back t
back inverter. In this structure, neutral to groureto
sequence voltage of both stator and rotor windamisas
common mode voltage sources. The common mode
voltage of rotor side and stator side are given as:

Vcom.S = Va0+V|§0 *Vep (1)
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Where Vg, Vo, Veo & Vyo, Vyo, Voo are the leg voltages of

the converters connected to the stator and rotor,
respectively. A high frequency model of the prombse
doubly fed induction machine is shown in Fig.4.

accurate high frequency model of the system. Based
the Eq.5 and Fig.4, it is clear that by choosingraper
rotor common mode voltage (Eq.7), a zero shaftagalt
will be achieved.
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> Table | shows the resultant shaft voltage by déffer
switching states of both rotor and stator sidesvedsrs.
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Fig.4. A h_igh frequency model of a DFIG
According to Fig.5, Shaft voltage can be calculatsd

(Vshaft_vcor'r,R)xQ/vr"'Vshaff((Crf +G, )+(Vshaft_vcons)xcsr:0 (3
So, shaft voltage is:
Vshaft - VC(E?R :-C(::wr :\éCOT_SCX Csr (4)
wr rf b sr
CWI’ c:SI'
V, = W xV +— ST xV 5
Gy GGy R G, 4G, Ve ©)
Vshaft =K R x Vcom,R +K S e VcomS (6)

Veomrand V;om sare the common mode voltage generated
by the converters connected to the rotor and thtorst
windings, respectively. K and Ks; are defined as
capacitance factors which are effective in totahfsh
voltage calculation.

Analysis of shaft voltage reduction in a DFIG withback

to back inverter was presented by A.M.Garcia andlet
2006 with a pulse width modulation technique tdyful
remove the shaft voltage. According to that pajfehe
switching states of machine side converter and dide
converter are both odd, both even or the samestates
from both side converters, the common mode voltage

be forced to zero. In this case, switching vecftrs3, 5)

or (2, 4, 6) are used with and without using zesies.
The main concern is that this technique does not
eliminate the shaft voltage and still we have the
significant amount of voltage across the shaft Whic
affected by two sides’ voltage sources (neutrahisoof
stator and rotor winding to the ground). In otheoras,

the voltage that is forced to be zero in proposagep is

not related to the shaft voltage.

To achieve a zero shaft voltage, both common mode
voltage sources should be considered based on an

To eliminate the shaft voltage completely, the dtowl
of Eq.7 should be applied in the analysis. To ntkeese
requirements, it is needed to apply odd switchiagtars
(1, 3, and 5) to one converter and even switchegors
(2, 4, and 6) to another converter. Also, switchWg
from one side and ¥from other side is conducted to
generate zero shaft voltage. The presented PWNrpatt
can be used as an effective technique to reducshti
voltage. One of the issues regarding to this tegkmiis
that, a bidirectional buck converter should be eaygd
to reduce the dc-link voltage (¥ to create a rotor side

C .
common mode voltage equalt@ixvcoms(see Fig.5).
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Fig.5. a new back-to-back inverters topology with a
bidirectional buck converter and a DFIG

In this configuration, the limitation of the dutyae of

the buck converter

should be considered. These
conditions may affect the dynamic performance & th

DFIG. Therefore, cancellation of the shaft voltdgesed

on this topology should be mentioned in terms of
practical barriers and dynamic analysis of the espst
which is beyond the scope of this paper.



