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Inverters, and more particularly  voltage

10 inverters, are intended to provide an AC voltage from a
DC voltage.

A particularly important field of application
is the wvariable-speed control of synchronous or
asynchronous machines.

15 In this case, it is necessary for the 1load,
which may be represented by each phase of a synchronous
or asynchronous motor, to be provided with a three-
phase voltage system which is as close as possible to a
frequency-varying and amplitude-varying balanced

20 sinusoidal three-phase system. The voltage inverter is
a device which makes it possible to achieve this goal,
and is made up of static switches using power
components such as thyristors. Until wvery recently,
among these power components, use was made essentially

25 of semiconductors such as thyristors, GTOs, etc.

For some time, new types of static switches
have been appearing which may be defined by the term
"IGBT" (Insulated Gate Bipolar Transistor). These
devices are controllable components, in the sense that

30 one can at any moment prescribe the current required in
the switch by adjusting the voltage on its control
gate, whereas for the old generation of switches
represented for example by GTOs or the like, it is
possible only to decide the moment at which they turn

35 on and the moment at which they turn off.

The present invention relates more particularly
to inverters wusing the new generation of power
components such as IGBTs or even bipolar transistors.
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of the inverter. At this moment, the action of blocking

10 the remainder of the inverter by turning off all the
unimpaired semiconductors will place the motor in an
electrical configuration which may (depending on the
instant of the defect) generate a transient excess
torque at the motor shaft, causing the_ snapping of the

15 mechanical transmission. _ '

The solution to this problem is to cause a
symmetric three-phase short-circuit at the terminals of
the motor. To do this, several possibilities exist.

In the particular case of the short-circuiting

20 of an asynchronous motor, it is known practice in
particular from the document SU-1350783 to
simultaneously short-circuit all the phases of a motor,
S0 as to avoid an asymmetric defect, that is to say a
defect linking a phase to the top point and to the

25 Dbottom point of the power supply to the inverter. It is
necessary to produce a symmetric three-phase
short-circuit of the asynchronous motor so as not to
load the mechanical transmission excessively by the
excess torque generated by asymmetric short-circuits.

30 The simplest solution consists in turning on
all the semiconductors of the inverter simultaneously,
thus causing the short-circuiting of the input
capacitor of the inverter. However, in this case, the
semiconductors must be dimensioned so as to be able to

35 withstand the short-circuit current of the inlet
capacitor in addition to the short-circuit current of
the motor. This is possible with GTO-based inverters,

since the current in these transistors is limited by

in a
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consists in turning on _ _ _ . ,
The devices in gquestion wuse <circuits for

detecting desaturation of the IGBTs to detect a defect

15 inside or at the output of the invertér and to disable
the inverter. ' .

The drawback of these devices is.that they may

generate an asymmetric defect on the asynchronous motor

powered by the inverter protécted by these same

20 devices.

Objects of the invention

The present invention aims to propose a method
for protecting a synchronous or asynchronous traction
25 chain, equipped with a voltage inverter, itself made up
of static switches consisting of semiconductors, and
which solves the problem of the capability of the said
semiconductors to withstand current.
The present invention aims more particularly to
30 be able to 1limit the torque of a synchronous or
asynchronous motor powered by a two-level or multi-
level ~voltage inverter generated during a defect
located inside or outside the inverter powering the
motor.
35 The present invention therefore aims to propose
a strategy for the overall protection of the traction
chain which wmakes it possible to symmetrize an
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semiconductors such as IGBTs or bipolar transistors,
10 according to which one detects whether the defect
connects or might connect a motor phase to the top
point or to the bottom point of the power supply of the
inverter, and in that one short-circuits only that half
of the inverter exhibiting the defect on the basis of
15 the result of the detection. . |
The present invention relates more precisely to
a method of protection in which all the phases of the
voltage inverter are connected permanently to the top
point or to the bottom point of the inverter, thereby
20 causing a symmetric three-phase short-circuit at the
output of this inverter without causing any
short-circuit on its input after detecting and locating
a defect. This implies that all the phases of the motor
are linked to the top point of the power supply of the
25 inverter, if the defect is such that it links at least
one motor phase to the top. point of the power supply of
the inverter, and that all the phases of the motor are
linked to the bottom point of the power supply of the
inverter, if the defect is such that it links at least
30 one motor phase to the bottom point of the power supply
of the inverter, this being achieved without causing
any short-circuit on the input of the inverter.
According to the form of execution using a two-
level inverter, the defect in a two-level inverter is
35 located by using the principle of the detection of
desaturation of the IGBT semiconductor.
According to the form of execution using an
inverter with three or more levels, the defect in a
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level inverter connected to the three phases of

an asynchronous motor.

Detailed description of several forms of execution of

15 the present invention

Figure 1 diagrammatically represents a two-
level inverter connected to the three motor phases R, S
and T of an asynchronous motor M.

This figure diagrammatically represents the

20 three branches of a conventional two-level inverter
which is used in the context of the present invention.
Conventionally, each branch of this inverter comprises
two switches I1, (R, S, T) or I2 (R, S8, T), which
alternately supply a load which is represented by a

25 phase of the asynchronous motor M.

In this particular case, the load is of the
self-inductive type, and it is necessary for the two
switches of each branch to be arranged in parallel with
a diode which is referred to as a "free wheel diode"

30 (D1 or D2), which allows the load current to flow when
the corresponding switch is open. The presence of this
diode allows the inductive load current to decrease and
thus makes it ©possible to avoid any destructive
overvoltage when the corresponding switch is open.

35 Application to the two-level inverter |

In the case where IGBT-type switches are used
(unlike the case of switches of the GO type),
reblocking is allowed upon the turning on of the
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10 the terminals of the IGBT with a reference voltage
generated internally within the starter which controls

the IGBT. If the voltage V. measured is greater than
this reference voltage, the starter detects this and,

if appropriate, can automatically reblock the IGBT

15 which had been turned on and send a signal to the
control electronics, indicating that a short-circuit

has been detected. |

The command electronics orders the turning off

of the IGBTs situated on the same half-inverter and
20 orders the turning on of the other IGBTs.

Let us assume for exaﬁple that this control
electronics receives the following information: switch
1R has Dbeen reblocked by the starter following
detection of desaturation. This implies ﬁhat the

25 short-circuit 1links the phase R to the bottom-most
point of the inverter. The action which the control
electronics will take will be to turn on the switches
2R, 28 and 2T.

Figures 2 and 3 diagrammatically represent the

30 short-circuiting of one of the two parts of the
inverter.

More particularly, in Figure 2, the upper part
of the inverter is short-circuited. In this case, the
control electronics sends opening commands to the

35 switches I2R, I2S and I2T, and turn-on commands to the
switches I1R, I1S and I1T. With the switches I1R, I1S
and I1T being connected together by their collectors,
their simultaneously turning on causes a short-circuit
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together by their emitters, their simultaneous turning
10 on causing a short-circuit between the three phases of
the motor R, S and T. The voltage of the input
capacitor C is taken up by the switches I1R, I1S and
I1T.

Application to the three-level inverter

15 Figure 4 represents a threé—level inverter
connected to the three phases of an asynchronous motor.
Each of the three branches of the inverter is composed
of four switches I1, I2, I3 and I4 (R, 8 and T
respectively), which are turned on or turned off two by

20 two so-:as to alternately power the load consisting of
the phase of the asynchronous motor.

Once again, a free wheel diode D1 or D2 is
disposed on each switch so as to allow the current to
flow when the corresponding switches are open.

25 Figure 5 represents the short-circuiting of the
upper part of the inverter, whilst Figure 6 represents
the short-circuiting of the lower part of the inverter.

When a semiconductor is short-circuited in a
three-level inverter, the problem is more complex than

30 in the case of a two-level inverter.

The defect does not inevitably connect the
corresponding phase to the top point or to the bottom
point of the inverter. For example, if it is a
gsemiconductor which is defective and if the short-

35 circuited semiconductor is an interior semiconductor,
there is the possibility of blocking the unimpaired
semiconductors without causing any excess torque at the

motor shaft.
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the corresponding starter protects it and returns an

overvoltage information to the control electronics

which orders the turning on of the IGBTs of the same
half-inverter and orders the turning-off of the other
15 IGBTs. o
By way of example, let us envisage a defect
causing a phase to pass to the top .point of the
inverter. _ _
The IGBT 1R is on controlled by the control
20 electronics, but it is nevertheless short-circuited.
The IGBT is caused to be turned on and the load current
is an outgoing current from the inverter. The IGBTs 3R
and 4R are off.
The next step of the operation of the three-
25 level inverter normally consists in turning off the
IGBT 1R and in turning on the IGBT 3R.
What happens then?

1) The IGBT 1R will not turn off since it is
defective.

30 2) The IGBT 3R will turn on and cause the short-
circuiting of the loop C1, 1R, 2R, 3R, diode.

3) The IGBT 2R and/or the IGBT 3R will desaturate and
the corresponding starter will block its IGBT
while returning the information to the control

35 electronics.

4) The control electronics will request the blocking
of all the IGBTs of the inverter. All the IGBTs
will block except for the IGBT 1R.
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10 7) The solution adopted for avoiding breaking the

IGBT R2 is to install protection against
overvoltages by active peak-limiting on all the
starters. In the event of an overvoltage, the
active peak-limiting automatically limits the
15 voltage Ve of the IGBTs to a prédetermined value
and informs the control electronics if the
overvoltage is lasting too long. The control
electronics then takes the decision to send a
turn-on command to the half¥inverte; corresponding
20 to the IGBT which has overvolted.

Figure 5 represents the short-circuiting of the
upper part of the inverter, whilst Figure 6 represents
the short-circuiting of the lower part of the inverter.

As represented in Figure 5, since the switches

25 I1R, 1I1s and I1T are connected together by their
emitters, and their respective collectors are connected
to the switches I2R, I2S and I2T, the action of turning
on the switches I1R, I1S, I1T, I2R, I2S and I2T causes
a short-circuit between the three motor phases R, S and

300 T. The voltage of the input capacitors is taken up by
the switches I3R, I3S, I3T, I4R, I4S and I4T.

In the case of the short-circuiting of the
lower part, as represented in Figure 6, since the
switches I4R, TI4S and I4T are connected together by

35 their emitters, and their respective collectors are
connected to the switches I3R, I3S and I3T, the action
of turning on the switches I3R, I3S, I3T, I4R, I4S and
I4T causes a short-circuit between the three motor
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t aken up by svmtches I2R | 2S and | 2T. _ In Figure 3, the
| ower part of mli w! 5 short-gixgykted. In this case, the control
el ectronics commnds totte switches 1R 11S and

| 1T, and turn- on conmmands to the switches I12R 12S and | 2T. The

switches | 2R, 1.2S and pethdd € fANnNaehade egher hOeLE cengd ££4S.
urning 10 on_causi ngljflathsr@grt m?%%rpt etﬁ/een tﬁ three

tpﬂgls[assln[ml tar‘]“?tﬁ'gﬁ’rm‘[“@’ R nWithipna | fFaghdoss ¢hain ngemprisiagpazit or
Cis takensup é;'yldlhearﬁj/ué CdﬂfSalsﬂchhkbﬁo@@d motod Zl-a_?r;trolfﬂ;{@ﬁ'r !eagafde\%\:iréo the
nverter  CoYsdoo TH Ehe TRTbaVRiage SRVERCRL AERFONBLE b T ic
Each of the tswid¢dhesnchesnof sehécbndectersi swdnpaselGBTs @fr fmomtches
11, 12, 13 and 4 iRt o2 PN%Haracterized in that one detects whether
the defect connects or might connect a motor phase to
10 the top point or to the bottom point of the power
supply of the inverter, and in that one short-circuits
only that half of the inverter exhibiting the defect on
the basis of the result of the detection.
2. Method according to Claim 1, characterized in
15 that all the phases of the voltage inverter are
connected permanently to the top poiht_ or to the bottom
point of the inverter, thereby causing a symmetric
three-phase short-circuit at the output of this
inverter without causing any short-circuit on its input
20 after detecting and locating a defect.
3. Method according to Claim 2, characterized in
that all the phases of the motor are linked to the top
point of the power supply of the inverter, if the
defect is such that it links at least one motor phase
25 to the top point of the power supply of the inverter,
and that all the phases of the motor are linked to the
bottom point of the power supply of the inverter, if
the defect is such that it links at least one motor
phase to the bottom point of the power supply of the
30 inverter, this being achieved without causing any
short-circuit on the input of the inverter.
4, Method according to Claim 3, characterized in
that the defect in a two-level inverter is located by
using the principle of the detection of desaturation of
35 the IGBT semiconductor.
5. Method according to Claim 3, characterized in
that the defect in a three-level inverter is located by

using the principles of the detection of desaturation



respectively), which are turned on or turned off two by .20 two so as to

alternately power the | oad consisting of t he phase of the asynchronous
not or . WO 99 0wai@mgain, a free wheel di ode Dl or BPr/mEo9/0adosposed
on each switch so as to allow the current to fl ow when t he

correspondi ng Sy t %Ifestl%e &&eé}:tl?o% Pfofacf%l&é g&e%t %\%lte]]%g]t él gure- 6

short-circuiting of "'the per par
represents TGHE %¢m¥¢omdm%mn ng of the Iovver part of the inverter.

Wien a semiconductor is short-circuited in a three-level inverter, the
problemis nore conplex than 30 in the case of a two-level inverter.

The defect does not inevitably connect the correspondi ng phase . to the
top point or to the bottom poi nt of the inverter i
a seni conduct or which is defective and if the shoHi mi ﬂrﬁi “w

sem conductor is an interior sem conductor, t here ty of
bl ocki ng t he uni npaired sem conduct ors w t hout causing any excess
torque at the not or shaft. WO 99/ 39418 - 8 -

PCT/ BE99/ 00010



On the other hand, in cases where the defect causes a phase to pass to

the top point of the inverter or tgigts bottom point, the
short-circuiting procedure is applicable. 5 _ The protection
strategy is - therefore as fol |l ows: g- If desaturation is
detected on an | GBT, the el ectroni cs causes the bl ocking of all the

| GBBTs of the inverter. 10 - if H{emshal | GBT experiences an
overvol t age, t he correspondi ng start s it and returns an
overvoltage information to the control : whi ch orders the
turning on of the 1GTs of the sane : erfter and orders the
turning-off of the other 15 | GBTs. By way of exanple, let us
envi sage a def ect causing a phase to the top point of
t he i nverter. The 1 GBT 1R controll ed by the control

20 electronics, but it 1is nevertheless eort-circui t ed. The | GBT

is caused to be turned on and the | oad cur i's an outgoing current
fromthe inverter. The 1 BTs 3R and 4 of f. The next
step of the operation of the three- 25 |efe inverter normally consists
in turning off the |.GBT 1R and in tufnjng pn the | GBT 3R
What happens t hen? 1) The 1&BT 1R mijlj not turn off since it
is 1 (1
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defectlve 30 2) The 1GBT 3Rwi Il turn on and cause t.he short-

circuiting of the loop C1, 1R 2R 3R diode. 3) The IGBT 2R and/ or
the GBT 3R will desaturate and 5 the corresponding starter wll
block its | GBT, while returning the information to the control 35
el ectronics. 4) The control electronics wll @equest t he bl ocki ng

of all the IG@Ts of the inverter. Al the | GBTS ' w || bl ock except
for the | GBT 1R WD 99/ 39418 "

PCT/ BE99/ 00010 5) The col |l ector of /1 B \2R i s connected to the
top point of the inverter. 6) Sincqt e ent of the phase Ris

outgoing, it is inpossible to bldb ¢ |GBT R2 coldly without 5
breaking it t hr ough overvol t age bl ocking, it
wi Il cause the anti-parallel diodes to conduct).

But , t he contr ol el ectronics h fesued the command to bl ock
al | the 1G@Ts. 10 7) The sol ugji gng adopted for avoiding
breaki ng the -
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|GBT R2 is to install protection agai nst . overvol t ages by

active peak-limting on all the starters. In the event of an
overvol tage, the active peaQ4q mting autonatlcally limts the 15
voltage V[err] of the IGBTs to a predeterm ned val ue and i nformns
the control eftectronics if the overvoltage is lasting too |ong.
The control el ectronics then takes th cision to send a

turn-on conmand to the half-inverter Wwiong 20 to the | GBT
whi ch has overvolted. ' Fig 'xsents the short-circuiting
of the upper part of the inverter{ vy Floure 6 represents t he
short-circuiting of the |ower part ofit . As
represented in Figure 5, since the smntc-es 25 /I1R  11S and 11T are

connected together by their em gAd their respective

coll ectors are connected to the swtd | 2R, 12S and I2T, the action
of turning on the switches 1R 11S=14TE | 2R, 12S and | 2T causes a
short-circuit between the three notor phasds |R, S and 30 T. The vol tage of
the input capacitors is taken up by the 9w tches I13R 13S, 13T, 14R
| 4S and 14T. In the case ofztffhe ghort-circuiting of the
| ower part, as represented in Figure 6, $inceg the switches 14R 14S and
| 4T are connected together by 35 their |eitifters, and their respective
collectors are connected to the swifcheg I3R 13S and I3T, the action
of turning on the switchgs+3R |3S, |GFH—4R—+4S-a8d——| 4T causes a
short-circuit between thg three notor
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WD 99/ 39418 - 10 - PCT/ BE99/ 00010 phases R, S and
*T. The voltage of the input capacitor g4g6taken up by the switches | 1R [1S,
11T, 2R, 12S and 12T. WD 99/ 39418 . - 11 -

PCT/ BE99/ 00010 CLAI KB 1. Met hod
for symretrizi'ng an asymetric defect whi cAzmay occur within a
traction chain conprising a 5 synchronou chronous notor controlled
by a two- | evel or nulti-level volt#a er nmade up of static
swi t ches usi ng sem conductors such as | @&
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transistors, characterized in that one detects whether . t he defect
connects or mght connect a notor phasg(go 10 the top point or to the

bott om poi nt of the power supply of the inverter, and in that one
short-circuits only that half of thé inverter exhibiting the defect on
the basis of the result of the detection. 2. § Method according to

Claim1l, characterized in 15 that all the phas fhe vol tage:inverter

are connected pernmanently to the tap p Qr¥o the bottom poi nt
of the inverter, thereby causing a symetyi ¢e ° /A hyee-phase short-circuit

at the output of this inverter with ctapsing any short-circuit on
its input 20 after detecting and | ocati ng\a \deé éct . 3. Met hod
according to Claim?2, characterized in t he phases of the notor
are linked to the top poi nt of the power[sppply of the inverter, if the
defect is such that it links at |east one m¥ phase 25 to the top point

of the power supply of the inverter, andjtphat all the phases of the
notor are linked to the bott om poi nt of power supply of the
inverter, if the defect is such that i |ipks at |east one notor
phase to the bottom point of the power supply pf{fthe 30 inverter, this
being achieved wthout causing any short-circuit on the input of
the inverter. 4, Met hod according tof 4 gim3, characterized in
that the defect ifi a - | ter—TsSpocat® by C—ustpgothe G

principle of the let ection of degaturation of |35 the | GBT sem conduct or}
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5. - N@thodsélcording to Caim3, characterized in . that the defect in
a three-level inverter is |ocated by using the principles of the
det ecti on of desaturation WD _ 99/ 39418 - 12 -

PCT/ BE99/ 00010  and of the detection of active peak-limting of the | GBT
sem conductor.” .

= o 9
-
N
o
O G——9 G & S & <
-
E = = g
AN | S'Z
o ——o Gt & & 2
O o g on [42]
. - [y <<
~
2 AN AVA
—o G——o s S s 5
o«
¢ ~N [aed o
Ll () <
AN AVA
—
o
- (&)
M |
[ ( )
I\ = I\



