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Abstract:This paper focusses on Matrix Converter (MC) protection strategies. In order to improve its ride-through
capability,MC faults are classified and some software and hardware strategies are proposed. The influence of the
clamp circuit inMC switches is analyzed, while a special emphasis is given to the blocking voltage of differentMC
topologies. Besides, theMC and doubly fed asynchronous induction machine (DFIM) interaction is theoretically
studied in terms of the protection circuit and, finally, all the design parameters relating to a practical clamp circuit
are defined in order to ensure its commercial use in full-scale applications.

Key–Words:Matrix converter, clamp design, doubly fed asynchronous induction machine,DFIM, overvoltage
protection, overcurrent protection, bidirectional switches, B6 Bridge

1 Introduction

The clear trend of the power electronics market is to
attain the following objectives: improve interaction
with the grid, the flow of bidirectional power, high-
efficiency, operation at high commutation frequency,
small size and the integration of complex solutions
within a single power module. In principle, the Matrix
Converter (MC) meets all of these targets.
TheMC is anAC/ACconverter, where it is possible to
implement an x mpolyphase converter. Because of
its inherent bidirectional topology, theMC can ope-
rate in all four quadrants, taking or delivering ins-
tantaneously power from the grid. Using appropriate
modulation strategies, it is possible to achieve sinu-
soidal currents at the grid and sinusoidal voltages at
the load [1]- [2], with a unity power factor with any
type of load, having a low harmonic distortion in these
waveforms.
However, theMC presents some disadvantages: vol-
tage transfer ratio is limited to

√
3

2 ; high number of
power switches (this means a higher connection com-
plexity, control and thermal management); protection
of the converter is a complex task, because there is no
way to store energy; and, finally, theMC is very sensi-
tive to voltage dips and distortions in the grid, because
the power conversion has no intermediate steps.
Nowadays, most wind turbine manufacturers are
working with new concepts based on Variable Speed

Wind Turbine (VSWT) with pitch control driven with
doubly fed induction machines (DFIM) [3]. VSWT-
DFIM platforms require a power converter connected
between the rotor and the grid.MC-DFIM applica-
tions are unknown in the industry, but recentlyVestas
has patented a variable speed wind turbine having a
matrix converter [4]. Taking the overall characteris-
tics of theMC, it could provide solutions for a wide
range of applications. In order to consolidate its use
on the real scale applications market and, being aware
of the fact that the effort of the community revolves
around control algorithms, this paper tackles the pro-
tection problems ofMC.
In this paper,MC faults are classified and some pro-
tection strategies are proposed; the influence of the
clamp circuit inMC switches is analyzed; then, the
MC andDFIM interaction is theoretically studied (in
terms of the protection circuit); and, finally, all the
design parameters relating to the clamp circuit are de-
fined.

2 MC Fault Conditions

MC performs a directAC/ACconversion, without any
storage element, so it is a low ride-through capability
converter and it is very difficult to control and protect
the MC during fault conditions. In general, the fault
conditions can be classified as overcurrent and over-
voltage. The reasons of overcurrent could be:

Proceedings of the 6th WSEAS/IASME Int. Conf. on Electric Power Systems, High Voltages, Electric Machines, Tenerife, Spain, December 16-18, 2006      340



a) MC supply faults: due to grid distortion, voltage
sag, voltage drop out, blackout, etc.

b) MC commutation faults: due toMC switch faults,
EMC fault, control strategy fault, inadequateMC
switch combination, error on current sign detec-
tion, two basicMC rules are not fulfilled, etc.

c) Abnormal operation of the motor: due to overload,
short circuit in its coils, grounding faults, etc.

d) High inrush currents: due to inappropiate start up
of the converter or absence of a resistor in the
protection circuit.

e) Circulating current alongMC switches: due toMC
commutation faults or two basicMC rules are not
fulfilled.

On the other hand, overvoltage faults can be cla-
ssified as input and output overvoltages. The reasons
could be:

a) Input overvoltage: due to distortion or perturba-
tion on the grid. Usually, they are short in time
and they can be damped by the input filter capac-
itor [5].

b) Output overvoltage: due to suddenMC shut down.
It is one of the mainMC problems (greater than
the input overvoltage) and this is usually origi-
nated by overcurrent problems. The worst case
should be when load current reaches overcurrent
limit and MC switches are turned off; this way,
the overvoltage appears when there is no path for
the inductive currents of the load and there is a
magnetic energy stored on it.

c) Stray inductance alongMC switches can generate
overvoltages in both sides of the converter be-
cause of highdi

dt at switching instants. In order to
reduce this effectCf (fig. 1) should be placed as
near as possible from theMC switches.

3 Protection Strategy Considera-
tions

In order to reduce the effect of fault conditions,MC
controller can activate some vectors; this form of
protection should be classified as software or active
strategies:
1) Overcurrent protection strategy [6]: when high cu-
rrents are unleashed in the load they can be reduced
applying a properly selectedMC vector. For example,
if IA is positive andIB andIC are negatives (fig. 1),
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Figure 1: Matrix Converter, filter and clamp circuits.

then the control should active the corresponding vec-
tor that makesMC input voltages in the next way:Va

as negative as possible andVb andVc as positive as
possible. Here,MC selected vector will change as a
function of the variations of changes inVin.
2) Circulating current protection strategy [6]: the
switches of the output phases in which there is no
overcurrent can be controlled until load current in
these phases are crossing zero. The switches involved
in the circulating current are switched off while one
of the remaining switches of the phase is turned on to
give a path to the motor current. The current only rises
during the delay time of switching off theIGBTs. Be-
sides, the input filter inductance [5] makes smoother
the slope of the current.
It is advisable to place in the correct position current
and voltage sensors to detect the possible faults that
should appear inMC. TheMC current fault threshold
level must be established taking into account the ma-
ximum current of the load (higher than the nominal
current), the nominal current ofMC switches and the
power losses inMC. The current level onMC output,
among others, depends on the power delivered to the
load, the power factor andMC voltage transfer ratio.
This current level andMC switching frequency will
determine theMC power losses and so the tempera-
ture reached by the semiconductors.
3) Overvoltage protection when one switch does not
respond: the load phase without any current path
should be connected to another input phase (always
fulfilling two basic rules ofMC and selecting a switch
that operates appropriately). When load current is
zero,MC should be turned off [6]. In this case, a little
clamp circuit should be necessary giving a path to the
opened phase load and limiting the overvoltage caused
by it.
4) Control the magnetic energy stored in the load
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(WL) and its current during fault conditions [7]: on
the one hand, applying a zero vector the kinetic energy
of the motor is converted intoWL; and due to the
short-circuit of the load phase its currents should in-
crease. On the other hand, turning off all theMC
switches,WL will be transferred to clamp circuit, and
because of clamp voltage is higher than the backEMF
of the motor, its currents should be forced to decrease.
So, the control must alternate between zero vector and
switching off theMC.
5) Control the magnetic energy stored in the load
(WL) during normal operation ofMC [8]: theWL can
be reduced applying dynamically free-wheeling paths
(current sense must be known). These paths should be
formed by the bidirectionalMC switches. The con-
trol must maintain the load currents while applying
reverse biased voltages with respect to the load cu-
rrents. These currents decrease to zero and there are
not high current spikes due to zero vector is applied.
Another way to minimizeWL [7] during normal ope-
ration is to control the motor by means of increasing
the number of current harmonics, this increases the
load losses and decreases theWL.
6) Minimize inrush current at start up: whem theMC
is turned on it is possible that one of the input phases
has its peak value. The worst case for theMC should
be when the capacitor of the clamp is discharged, ap-
pearing an inrush current. Besides, due to the pres-
ence of input filter [5] inMC, an overvoltage of two
times the peak of input voltage can be in the clamp ca-
pacitor because ofMC has been connected to the grid
instantaneously. A solution for that problem should be
the controlled connection of theCc (1) to the source,
i.e. selecting the input voltage that is nearest of zero
or applying a ramp voltage.
7) Minimize output overvoltages during normal ope-
ration ofMC: due to the presence ofWL in the load,
theMC must control the turning off of its switches [9].
The magnetic energy is falling slowly and when it
reaches zero level theMC is turned off.

Software protection is not enough to get correct
ride-through capability inMC. Hardware or passive
solutions, as the input filter [5] and the clamp circuit,
are needed to operate safely:
8) The single stageMC LC low-pass filter [5] con-
sists of (fig. 1) an inductance, aX class capacitor and
a phase damping resistor to increase the attenuation
of the resonance spike which occurs around the cut-
off frequency. The aim of the filter is to minimize
the impact of the converter in the network, to limit
the emission of input current harmonics, thus reduc-
ing the ripple that occurs in the input current. In this
way, the distortion ofVin andEMI emissions are min-
imized and the filter together with theMC are made to
behave like a sinusoidal current from the input view-

point. IfRpu is used (fig. 1) then overvoltages during
power up process are minimized.
9) When the clamp circuit (patented by [10]) is used
in MC the load parameters must be known and all-
silicon property is reduced. But, on the other hand, it
mitigates overvoltage problems: whenMC is turned
off, the voltage spike originated in the load is limited
becauseWL is transferred from the load to the clamp
through the output bridge; besides, inrush currents and
input side overvoltages are clamped by theCc; during
normal operation ofMC, Lleakage

di
dt are minimized

by this protection circuit. Besides, the clamp can be
used to perform regenerative braking of a motor or the
energy stored in the capacitor can be used to supply
the components ofMC during fault conditions [11],
improving the ride-through capability. There are some
alternatives to the clamp circuit:

• In [12] the clamp circuit is simplified using only
6 diodes. This can be performed whenMC
switches are in common emitter (EC) configu-
ration. More isolated supplies are necessary (9
instead of 6 as in common collector,CC, topo-
logy). An intermediate architecture can be used
[12] with some switches (aA, bB andcC) in EC
and the others inCC.

• In [1], [8] the input filter capacitor is used to
clamp the inductive load currents. Here, know-
ledge of direction of the load currents and polar-
ity of line-to-line input voltages is required.

• In [9] varistors, suppressors and an additional cir-
cuit are used to protectMC against overvolta-
ges; but, here, the problem of unbalanced block-
ing voltages must be solved. Besides, a pro-
blem appears ifMC switches are turned off asyn-
chronously. These can only be used in low power
MC applications because the silicon devices dis-
sipate theWL [13].

The clamp circuit is the more robust architecture. For
this reason the next sections will study it in detail.

4 MC Clamp Design Considerations
The next points must be taken into account during the
design process of the clamp circuit:

a) The energy stored in the inductive load (WL),
must be estimated. If no resistorRdisip (fig. 1)
is used in the clamp circuit,WL should be calcu-
lated according to the load when the current limit
protection has been reached and theMC has been
turned off.

Proceedings of the 6th WSEAS/IASME Int. Conf. on Electric Power Systems, High Voltages, Electric Machines, Tenerife, Spain, December 16-18, 2006      342



b) The energy that can be absorbed by the capaci-
tor must be determinated (1). When theMC is
turned on, theCc will be charged until it reaches
the peak values of the input line voltage. This
voltage is increased in the presence of input har-
monics toVCini ≈ 600V (whenVinphasemax

=
230V ) and the capability to absorbWL is re-
duced.

WC =
1
2
Cc · (V 2

Cfinal
− V 2

Cini
) = WLclamp

(1)

whereVCfinal
is the threshold in whichSWdisip

is turned on (800V taking into accountCc rating,
see table 1).

c) The capacitor type (electrolytic capacitors allow a
great amount of stored energy, while polypropy-
lene capacitors show a better behaviour dur-
ing transients), capacitor value and its maxi-
mum voltage must be determined. Many refe-
rences, i.e. [14], say that this voltage depends
on: WL and the maximum blocking voltage of
the MC switches. Nevertheless, it is also influ-
enced by the amplitude of theMC input voltages.
These parameters will influence during the time
in whichWL is transferred to the clamp (fig. 2)
as it is explained in section 6.

           Time

0s 20ms 40ms 60ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms

I(LA) I(LB) I(LC)

-20A
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20A
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V(A_OUT,B_OUT) V(B_OUT,C_OUT) V(C_OUT,A_OUT) V(PCON,NEG)
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0V

1.0KV

SEL>>

MATRIX CONVERTER OUTPUT LINE-LINE VOLTAGES WHILE ALL SWITCHES OFF AND DISCHARGING WL

DISCHARGING PROCESS OF Cclamp

AFTER DISCHARGING PROCESS OF WL  MATRIX CONVERTER Vout LINE-LINE=0 V

CHARGING PROCESS OF Cclamp FROM THE GRID

Figure 2: Discharging process ofWL when MC is
turned off.

d) When the capacitor reaches high voltage levels
and it must absorbWL, depending on these val-
ues, it is necessary to use two capacitors in se-
ries to increase the voltage capability. In this

case, some small resistors placed in parallel with
Cc are necessary to balance the voltage between
these reactive elements.

e) In order to increase the modularity, the clamp ca-
pacitor can be considerably reduced by using a
resistorRdisip (fig. 1). Its function is to dissi-
pate the excess of energy (2) that is not trans-
ferred to the capacitor and to dischargeCc when
it reaches its maximum voltage. This way, the
MC is cheaper and compact (10 to 100 times
[7]). Besides, whenRdisip is used no additional
heatsink must be employed because it works only
during fault conditions.

WLRdisip
= WL −WLclamp

(2)

If MC is used in high power applications,Cc

should be too big, thus reducing the initial advan-
tage of theMC based on all-silicon converter; so,
it is possible to remove theCc by sizing the resis-
tor and its switch to handle the overcurrent level
and taking into account the blocking capability
of MC switches.

f) A correct ohmic value ofRdisip must be selected.
WhenCc must be discharged,SWdisip is turned,
and if there is a remaining part ofWL in the load,
depending on the value ofRdisip, the magnetic
current can flow throughRdisip and Cc, con-
tributing in this way to increase theCc voltage
(fig. 3 and 4). So, this capacitor can be dama-
ged andVcemax can be exceeded. On the other
hand, many manufacturers usually select aRdisip

which power is a third of the load power (3).

PRdisip
≈ 1

3
· PLoad (3)

g) If an output filter is included inMC, the energy
stored in this filter should be considered when
sizingCc andRdisip.

h) If Cc is connected directly to the input bridge, high
inrush currentICirh

(4) may appear (fig. 5). In
order to minimize it, aNTC (Rntc in fig. 1) is
proposed to be included between the input bridge
and the capacitor clampCc.

i) The blocking voltage in the diodes of the input (fig.
6) and output bridges must be considered (fig. 7
) in the worst cases.

ICirh
= Cc ·

dVinline

dt
= 2

√
2π · fin ·Cc · Vinline

(4)
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           Time
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Figure 3: Discharging process ofCc with suitable
turning on ofSWdisip.

           Time

0s 20ms 40ms 60ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms
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CURRENT AS A FUNCTION OF RDISIP, WL AND LOAD INDUCTANCES
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Figure 4: Discharging process ofCc with delayed
turning on ofSWdisip.

5 WL study with DFIM load

5.1 Nomenclature
- p: derivative operator.
-
−→
Z e

x: Z (voltage, flux or current) vector linked to
the stator flux frame (e); wherex: stator (s) or rotor
(r). These vectors can be decomposed ind andq

           Time

0s 5ms 10ms 15ms 20ms 25ms
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Figure 5: Initial charging process, inrush current and
blocking voltage inRNTC .
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Rntc BLOCKING VOLTAGE

Figure 6: Input bridge diodes andRNTC blocking
voltage withVCc = 800V .

Table 1: Practical clamp circuit components values.

Component Main values Manufacturer

Cc (2 in series) 270µF, 450V, 35x35mm Nichicon
Rntc 20Ω, 10A, 500J, 680V, 35x74mmAmetherm
Rdisip 50Ω, 600W (2.7Kw) Cressall
SWdisip 1200V, 33A (114A) IR
Bridges 1200V, 60A (750A) Semikron

components.
- Rx: stator or rotor coils resistance (x: s or r).
- ωr: rotor electrical speed.
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           Time

0s 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms

V(POS,NEG) V(POS,A_OUT) V(A_OUT,B_OUT)

-0.5KV

0V
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BLOCKING VOLTAGE in OUTPUT BRIDGE DIODES: a) 570.8 V, b) 676.9 V

Cclamp CAPACITOR VOLTAGES: a) 600V, b) 800V

Figure 7: Output bridge diodes blocking voltage with
maximumMC voltage transfer ratio andVCc=600V
and 800V.

- ωe: synchronism speed (reference system speed).
- Lxl: stator or rotor (x: s or r) leakage inductance.
- Lm: magnetic inductance.
- Nx: number of equivalents turns (x: s stator orr)
rotor.
- WL: magnetic energy stored in the machine.
- Px: stator or rotor (x: s or r) power.
- PRs,r : stator and rotor (s or r) power losses.
- Pmagns,r , Pems,r : magnetic and electromagnetic
power.
- Vsx, Vsy, Isx, Isy: stator and rotor instantaneous
phase voltages and currents (statorx: a, b, c; rotory:
A, B, C).

5.2 DFIM Magnetic Energy Evaluation

In order to design properly theMC clamp circuit the
stored magnetic energy (WL) must be calculated. This
section shows how to calculate it when the load is a
DFIM.
TheDFIM equations, in the reference frame linked to
the stator flux (fig. 8) are defined in (5)-(8).

−→
V e

s = Rs
~Ie
s + p~ψe

s + jωe
~ψe

s (5)
−→
V e

r = Rr
~Ie
r + p~ψe

r + j(ωe − ωr) · ~ψe
r (6)

~ψe
s = Ls

~Ie
s + Lm

~Ie
r (7)

~ψe
r = Lr

~Ie
r + Lm

~Ie
s (8)
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Figure 8: Reference frames and angles for theDFIM.

whereLs andLr inductances are defined as

Ls = Lsl +

√
3
2
Ns

Nr
Lm Lr = Lrl +

√
3
2
Nr

Ns
Lm (9)

The machine can be represented by two equiva-
lent circuits (fig. 9), each one corresponding tod and
q frame components.

(we-wr)·Fsq
Isd

-

Rr

we·Fsq

+

+ -+

Vrd
Frd

- Ls-Lm Lr-Lm

LmFsd

Ird

+

Vsd

-

Rs

Rr

Fsq
Vsq

+

Ls-Lm+

Isq

Lm

Irq

+

(we-wr)·Fsd

- -

Rs

+- Lr-Lm

we·Fsd

Frq

-

Vrq

Figure 9: DFIM equivalent circuit (d and q frame
components) in transitory conditions.

The DFIM interchanges power with the grid
through the stator and rotor. Considering a balanced
system, these powers are defined as:

Ps(t) =
∑

x,y=a,b,c

Vsx · Isy = V e
sd · Ie

sd +V e
sq · Ie

sq (10)

Pr(t) =
∑

x,y=A,B,C

Vrx·Iry = V e
rd·Ie

rd+V e
rq ·Ie

rq (11)

Using (5)-(8) in (10) and (11) the next expressi-
ons, which represents the power generated in the sta-
tor and rotor, are obtained.

Ps,r(t) = PRs,r(t) + Pems,r(t) + Pmagns,r(t) (12)
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That is, the machine power is distributed in: the
resistive losses (13); the converted power in mechani-
cal or electromagnetic power (14)-(15), it will be out-
put or input power depending on the machine works as
generator or motor; the necessary power to magnetize
the machine (16)-(17).

PRs,r = Rs · (Ie2

sd + Ie2

sq ) +Rr · (Ie2

rd + Ie2

rq ) (13)

Pems = ωe · (Ie
sqψ

e
sd − Ie

sdψ
e
sq) (14)

Pemr = (ωe − ωr) · (Ie
rqψ

e
rd − Ie

rdψ
e
rq) (15)

Pmagns = (pψe
sd) · Ie

sd + (pψe
sq) · Ie

sq (16)

Pmagnr = (pψe
rd) · Ie

rd + (pψe
rq) · Ie

rq (17)

The magnetic energy (18) stored in the machine
is

WL =
∫
Pmagns,r(t) · dt (18)

Using (16)-(17) and (7)-(8),WL can be decom-
posed ind (19) andq (calculated in a similar way)
components.

WLd =
∫ {

(Ls − Lm) · Ie
sd

}
· dIe

sd +∫ {
(Lr − Lm) · Ie

rd

}
· dIe

rd +∫ {
Lm(Ie

sd + Ie
rd)

}
· d(Ie

sd + Ie
rd) (19)

AddingWLd
andWLq , the total amount of mag-

netic energy is obtained (20).

WL = 0.5 ·

[{
(Ls − Lm) · (Ie2

sd + Ie2

sq )
}

+{
(Lr − Lm) · (Ie2

rd + Ie2

rq )
}

+{
Lm ·

(
(Ie

sd + Ie
sq) + (Ie

rd + Ie
rq)

)2}]
(20)

When obtainingWL from simulation, (20) should
be used instead of (18) to avoid excessive noise errors
from derivatives.

In fig. 10 simulated value ofWL during different
operating intervals ofDFIM are shown:

a) TheDFIM accelerates with the stator open cir-
cuited.

b) Stator voltage synchronization with the grid.

c) Normal operation with zero active power gener-
ated.

d) Normal operation with non zero active power gen-
erated.

0 1 2 3 4 5 6
0

50

100

W
L
 
(
J
u
le

s
)

0 1 2 3 4 5 6
0

1000

2000

W
m

e
c
h
 
(
r
p
m

)

0 1 2 3 4 5 6
-50

0

50

I
s
t
a
t
o
r
 
(
A

m
p
.
)

0 1 2 3 4 5 6
-50

0

50

Time (seconds)

I
r
o
t
o
r
 
(
A

m
p
.
)

a

b

c
d

a Machine speed estimation

Synchronizationb

b Stator opened: Tem=0 Nm

a, b, c

Machine accelarates with

no load

c Power reference = 0 w.

d Taking/delivering power from/to the grid

d Sub, super or synchronism operation

Figure 10: Magnetic energy stored in the DFIM, ma-
chine speed and stator and rotor currents.

6 Blocking Voltage in MC Switches
The blocking voltage of the semiconductors of theMC
is one of the parameters to take into account when
protecting theMC. On the one hand, the antiparallel
diode of theIGBT is necessary to obtainVce block-
ing capability. On the other hand,Vcemax must not be
exceeded in order to remain in theIGBT SOA. This
way, the blocking voltage will appear in the left or
right side of the bidirectional switch, only in one of
them, while in the other side the difference of voltage
will be around zero because the antiparallel diode is
positively polarized. The next considerations must be
taken into account:

1. Depending on the amount of input and output
phases of theMC, states and vectors applied
on it, the blocking voltage is different. Under
normal conditions the voltage in theIGBTs of
the bidirectional switches that are switched off
depends on theMC switch configuration. For
instance, ifCC is used, the common node (NaCC
in fig. 1) will be at the lowest voltage between
the output voltage and the corresponding input
voltage of each switch; and, ifEC is used
the node will be at the highest voltage. This
blocking voltage will alternate between the left
and right side depending on the values of the
input voltages and the vector applied in theMC.
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This way, a new protection strategy can be intro-
duced. For example, when the system strategy or
state does not allow to turn off theMC, and an
input overvoltage is detected (due to resonance
effects in the input filter, glitch on the grid or any
of the before mentioned reasons), aMC vector
which imposes in theMC outputs the input vol-
tage which is not the highest and the smallest of
them should be selected. This way, the block-
ing voltage in the semiconductors is minimized
and damaging is avoided. This strategy acquires
more importance if the clamp circuit is not used.

2. When a fault occurs there are two different situ-
ations:
a) The magnetic energy is being transferred to
the clamp, and so the clamp diodes are conduct-
ing. In this case, theMC outputs will be con-
nected toCc for a short period of time (depend-
ing on the value of the storedWL and the value
of each phase inductance). Here, the blocking
voltage (21) in the switches will be different and
it will depend on the number of output phases,
(i.e. 3x1, 3x2or 3x3 MC), Vclamp andMC input
voltage.

VblockxY
= Vinx ± kVclampz

(21)

wherex can be one of theMC (1) input phases (a,
b or c), andY one of the output phases (A, Band
C) andz represents the polyphase structure of the
MC. The sign+ or - depends on the polarity of
Vclamp. WhenMC is 3x2 the offsetkVclampz

will
be (22):

kVclamp3x2
=
Vclamp

2
=
VAout − VBout

2
(22)

In a 3x3 MC architecture the blocking voltage
varies with a different offset (23) (fig. 11):

kVclamp3x3
≈
Vclamp

3
(23)

So, if the maximum input voltage is230V and
IGBT Vcemax is 1200V, kVclamp

must be less than
875V to fulfil (24). This way, turning on the
Rdisip switch whenVclamp reaches800V, kVclamp

rounds about550Vand so a safety margin is as-
sured.

|VblockxY
| = |Vinx |+ |kVclamp

| < Vcemax (24)

           Time
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MC SWITCH BLOCKING VOLTAGE ONLY IN ONE OF THE BIDIRECTIONAL SWITCH SIDE

CONSTANT DIFFERENCE BETWEEN BLOCKING VOLTAGE AN MC INPUT VOLTAGES

MC INPUT PHASE VOLTAGES

Figure 11: Blocking voltage with3x3 MCturned off.

b) WL has been transferred, no current through
the diodes is present. Then, the clamp circuit is
isolated from theMC andVclamp has not any in-
fluence in the blocking voltage. In this situation,
this voltage will depend on only the input volta-
ges (fig. 11).

3. The worst case for the blocking voltage of the
clamp diodes takes place when the clamp is at its
maximum voltage, theMC is not turned off and
its output reaches the maximum voltage trans-
fer ratio. Taking into account thatMC output
is floating, if VCfinal

= 800V andVinphase
=

230V , the maximum blocking voltage will be
677V (fig. 7).

7 Conclusions
Taking into account thatMC has a low ride through
capability, this paper deals with theMC protection.
An exhaustive analysis of different fault conditions is
presented and different active (which can be easily
embedded in aDSPor FPGA) and passive solutions
are summarized. A practical design of a clamp cir-
cuit is presented and the correspondence of this pro-
tection circuit with theMC and the load (DFIM) is
determined.
Finally, the influence of the clamp onMC switches
blocking voltage is quantified for different topologies;
likewise, an active method to minimize it is intro-
duced.
This way, it can be said that this paper contributes to
the mitigation of certainMC protection deficiencies.
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