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The method for operating an electrical machine (32) having
three phases (A, B, C) and a connection associated with each
of the phases (A, B, C) for determining the rotor position (¢),
including the rotor polarity at a standstill, comprising, for at

(21) Appl. No.: 12/682,315
least two of the phases:
(22) PCT Filed: Oct. 3, 2008 a) applying a pulsed voltage (Up) between the two connec-
tions associated with the other two phases;
(86) PCT No.: PCT/EP2008/063282 b) measuring the voltage thus induced at the connection asso-
ciated with the phase;
§ 371 (©)(1), ¢) analyzing the variation of the referenced induced voltage
(2), (4) Date: Jun. 28, 2010 over time; and
d) determining the rotor polarity on the basis of the referenced
(30) Foreign Application Priority Data analyses.
A measure of the deviation of the variation of the induced
0ct. 9,2007  (CH) .oooevvvireeeneierecvcrerccennin 1566/07 voltage over time compared to the variation of the pulsed
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voltage (Up) over time is advantageously determined in step

c).

Rotor position (¢) is determined in a quick, accurate, cost-

(2006.01) saving, and space-saving manner.

40
/
}
?

44

>

\

L. M.

: ‘73\/ v

H | { /) u i ]

I Paau N

; SW

; 317 R

i 54/ ) B !

! 847 Analyse ;

17 I

; - 35 _\2 !

; Data Evaluation | |

& )

P



Patent Application Publication =~ Mar. 3,2011 Sheet 1 of 6 US 2011/0050209 A1

-+ iy
&

P R b éﬁ'*
' 3 ~, ! o . :
1 T i :
: {“J ;JU PUre §
; e : id '
; l }{ Fud
' L - :
; ;
' i H
! i E
, 1
i )
: ;
i : ;
: '
: { L ]
| 317 5
; e i :
! 347\ - *’
; A/ Analyse ;
i . “Jldt :

1 P

- 35 _
; - =

R

1!
|

!
1

v , :
P Data \: Evaluation
I

!
: P




Patent Application Publication =~ Mar. 3,2011 Sheet 2 of 6 US 2011/0050209 A1

Fig. 2

Py

¥

C

Fig. 3



Patent Application Publication =~ Mar. 3,2011 Sheet 3 of 6 US 2011/0050209 A1

ff_ﬁ L’!_BC U,
' o g N A Y

Up e yhtss—sf . . :
B 11 r
|

- Puls - Pause | : . :
: f i : ; ; : Hig. 4

1
[
J
)

Biie Bt Y

e Bt e i
1
1
i

_E‘:':LB tiBf.‘- '{CA
e N G
1 S '
s :5 el ""““‘m,:__.“ ,,_-—:"‘_"_" w'?\"':.“"“x: A*”"Fr_'"ﬂ %‘:‘“\ B,



Patent Application Publication =~ Mar. 3,2011 Sheet 4 of 6 US 2011/0050209 A1

{ A
’[ : S — S e ur»-'“"""x'“-"‘“\\.j .
. N ﬁ -.'\‘.""\-\._"« AAAAA fﬂ
Cycle

-3

ey

oo o P =, ( ..... —
...... S I
L‘*‘@Nw o

Grrmem B e



Patent Application Publication =~ Mar. 3,2011 Sheet S of 6 US 2011/0050209 A1

,/Ff‘f;’//f 2
\Y::\\}:"&':‘\émx N oo %}%jﬁg

R




%1 "Bl

@ = .f}‘:‘

180°

o B " .
LT | A
r . '
B R
L

s "ty
T ""qq'_i‘;&-ngu**"
;

U,

8D

360°

uonedIqng uonedddy yuayeq

9J09133US [10T ‘€ BN

IV 6020S00/110T SN



US 2011/0050209 Al

METHOD AND APPARATUS FOR
UNAMBIGUOUS DETERMINATION OF THE
ROTOR POSITION OF AN ELECTRICAL
MACHINE

RELATED APPLICATION

[0001] This application is a U.S. national phase application
under 35 U.S.C. §371 of International Application No. PCT/
EP2008/063282 filed Oct. 3, 2008 with claiming priority of
Switzerland Patent Application No. 1566/07 filed Oct. 9,
2007.

TECHNICAL FIELD OF THE INVENTION

[0002] The invention relates to the field of electrical engi-
neering, more precisely, to electrical machines, i.e., electric
motors and generators. The invention relates to an appliance
for determining a rotor position including the rotor polarity at
a standstill, of an electrical maching having three phases and
a connection associated with each of the phases, and a method
for operating the electrical machine for determining rotor
position including the rotor polarity at a standstill, for at least
two of the phases.

BACKGROUND INFORMATION

[0003] For controlled commutated electrical machines it is
problematic that, as a rule, such machines are initially in an
unknown starting position (angular position of the rotor). For
optimal start-up of the electrical machine it would be desir-
able to know the exact starting position. This problem may be
solved using appropriate position sensors, but this is compli-
cated and expensive. Therefore, a sensorless operation is
desirable, at least in the sense that no elements are required
which are not already anyway needed for normal operation of
the electrical machine.

[0004] TItisknown from the priorartto operate the electrical
machine, without knowledge of the starting position, in a
suboptimal manner during an alignment phase and a subse-
quent blind commutation, until the electrical machine has
reached rotational speeds which allow the position to be
easily determined.

[0005] The use of high voltages to force the rotor into a
defined starting position has also been proposed.

[0006] From DE 102006 043 683 Al a method is known for
operating an electric motor during its run-up phase, in which
current pulses are measured and evaluated.

[0007] A device is known from DE 10 2006 046 637 Al for
obtaining information about the operating state of electrical
machines, in which a potential at the star point is determined.
In addition, use is made of a change in inductance of pole
winding phase conductors as a result of current flow through
the phase conductors.

SUMMARY OF THE INVENTION

[0008] An object of the invention is to provide an appliance
and a method which allow to unambiguously determine the
rotor position of an electrical machine.

[0009] A further object of the invention is to realize this in
a simple manner.

[0010] A further object of the invention is to realize this
using elements which are present anyway for operating the
electrical machine.
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[0011] A further object of the invention is to allow to unam-
biguously determine the rotor position of an electrical
machine within a short period of time.
[0012] Atleastone of these objects is achieved using appli-
cances and methods in accordance with the invention as dis-
closed herein.
[0013] The method for operating an electrical machine hav-
ing three phases and a connection associated with each of the
phases is characterized in that for determining the rotor posi-
tion including the rotor polarity at a standstill, for at least two
of the phases the following steps are carried out:
[0014] a) applying a pulsed voltage between the two con-
nections associated with the other two phases;
[0015] b) measuring the voltage thus induced at the con-
nection associated with the phase;
[0016] c) analyzing the variation over time of said induced
voltage;
and carrying out the following step:
[0017] d)determining the rotor polarity on the basis of said
analyses.
[0018] It turned out that by using the referenced analysis,
the ambiguity which exists in the prior art in determining the
rotor position may be eliminated, and the rotor position may
be unambiguously determined, even without exerting appre-
ciable forces on the electrical machine.
[0019] Using the term “electrical machine” we refer to the
term “electrical machine” as used in the field of electrical
engineering, i.e. we mean electro-mechanical converters
(electric motors) and mechanical-electrical converters (gen-
erators).
[0020] An electrical machine has a stator and a rotor which
are rotatable relative to one another. The stator generates a
variable magnetic field without having to undergo motion,
and for this purpose has coils which embody the phases. The
rotor generates a magnetic field having an orientation which
is rigidly coupled to its mechanical/physical orientation.
[0021] The referenced connections are connections of the
coils of the stator. The coils may be interconnected in a
star-shaped or as well in a triangular configuration. It is
known from the teaching that the topology of the star-shaped
connection may be converted to the topology of the triangular
connection by transformation of the mathematical equations
describing the topology. A phase and the corresponding coil,
respectively, may be associated with each of the three con-
nections, regardless of the wiring.
[0022] Tt is noted that, assuming a star-shaped connection,
no measurements are necessary at the star point to allow the
rotor position to be unequivocally determined; likewise,
applying a potential to the star point for this purpose is not
necessary. The method is therefore less complicated.
[0023] The term “standstill” refers to a standstill of the
rotor relative to the stator, which at least in practical terms
may be regarded as a standstill.
[0024] Inone embodiment the electrical machine is a con-
trolled commutated machine.
[0025] In one embodiment the electrical machine is a
block-commutated electrical machine.
[0026] Inoneembodimentthe electrical machine is a sinus-
commutated electrical machine. The sinus commutation may
be accomplished by means of pulse width modulation
(PWM) or in some other manner.
[0027] Inone embodiment the electrical machine is a syn-
chronous machine.
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[0028] In one embodiment the electrical machine is a per-
manent-field machine.

[0029] In one embodiment the electrical machine is a
dynamically excited machine.

[0030] In one embodiment, in step ¢) a measure of the
deviation of the variation over time of the induced voltage
compared to the variation over time of the pulsed voltage is
determined, in particular a measure of the deviation of the
slopes of the induced voltage with respect to the pulsed volt-
age.

[0031] Inoneembodiment said measure is a variable which
is proportional to the deviation.

[0032] In one embodiment the measure is determined by
carrying out at least one averaging operation.

[0033] In one embodiment the measure is determined by
carrying out at least one approximation operation.

[0034] In one embodiment the measure is determined in a
point-wise way.

[0035] In one embodiment the measure is a measure of the
quotient of the induced voltage and the pulsed voltage.
[0036] Inone embodiment, the pulsed voltage has at least a
portion showing a substantially constant voltage, and in step
¢) ameasure of the slope of the induced voltage is determined
during the at least one portion showing the substantially con-
stant voltage.

[0037] In one embodiment the voltage-time integral of the
pulsed voltage substantially vanishes.

[0038] In one embodiment the pulsed voltage undergoes a
change in polarity (reversal of voltage sign) at least once.
[0039] In one embodiment the pulsed voltage is periodic,
and the voltage-time integral is substantially zero over each
period.

[0040] This allows the currents flowing due to the applied
pulsed voltage to be kept small.

[0041] In one embodiment the pulsed voltage is a rectan-
gular or pulse width modulation signal.

[0042] Such pulsed voltages are easily generated, and in
particular may often be generated using means which are
anyway present for operating the electrical machine.

[0043] 1In one embodiment the pulsed voltage is a sym-
metrical rectangle (pulse width ratio 50%/50%).

[0044] In one embodiment the rectangular or pulse width
modulation signal starts with a first state during a first time
segment, followed by a second state, different from the first
state, during a second time segment, the time integral of the
pulsed voltage over the first and second time segments being
substantially opposite and equal to the time integral of the
pulsed voltage over the first time segment. Thus, the time
integral of the pulsed voltage over the second time segment
has essentially twice the negative value of the time integral of
the pulsed voltage over the first time segment.

[0045] Thetwostates of a rectangular or pulse width modu-
lation signal are also referred to as a pulse and pause; i.e. they
are characterized by maximum voltage and minimum volt-
age, respectively. The voltage changes between two succes-
sive states; in particular the polarity sign typically changes.
[0046] In one embodiment the voltage-time integral over
the entire duration of the pulsed voltage vanishes. It is thus
possible to achieve that the time integral of the current flow-
ing due to the pulsed voltage is substantially zero.

[0047] In one embodiment the pulsed voltage ends with a
third state during a third time segment, the time integral of the
pulsed voltage over the third time segment being essentially
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equal to, or essentially opposite and equal to the time integral
of the pulsed voltage over the first time segment.
[0048] In one embodiment the second state is followed by
N further states (N=1), each having a voltage-time integral
which is substantially opposite and equal to the voltage-time
integral over the respective time segment of the respective
preceding state.
[0049] In one embodiment the pulsed voltage is applied
symmetrically between the two connections, and the pulsed
voltage is a rectangular or pulse width modulation signal
which starts with a first state of a first time period, followed by
a second state, different from the first state, of a second time
period, the second time period being twice as long as the first
time period. As a result of the longer time period it is possible
to obtain more accurate measured values for the induced
voltage which are less distorted by noise. It is also possible to
compare a value (an average value, for example) from the first
half of the second time period to a corresponding value from
the second half of the second time period.
[0050] Inoneembodiment using the referenced symmetri-
cal wiring of the connections, the pulse width modulation
signal ends with a state of the first time period following a
state, different from that state, of a second time period, the
second time period being twice as long as the first time period.
[0051] The end state is the first state, or the end state is the
second state (and the state preceding is the corresponding
other state).
[0052] Inoneembodiment, for determining the rotor posi-
tion including the rotor polarity at a standstill, for the at least
two phases the following step is carried out:
[0053] e) determining a voltage difference from said
induced voltage;
and the following step is carried out:
[0054] ) determining the rotor position (q) based on said
voltage differences.
[0055] Itisnoted that without carrying out step d), the rotor
position would not be unambiguously determined, but be
determined with ambiguity.
[0056] 1t is noted that the possible designs of the pulsed
voltage described above may also be used without determin-
ing the rotor polarity, i.e., for example, for an ambiguous
determination of the rotor position using the referenced volt-
age differences. A corresponding method for determining the
rotor position at a standstill for an electrical machine having
three phases (A, B, C) and a connection associated with each
of the phases (A, B, C) is characterized by carrying out steps
a), b), and e) for at least two of the phases, and by carrying out
step f), the pulsed voltage being one of those described above.
This allows the time integral of the current flowing due to the
applied pulsed voltage to be kept small.
[0057] Inoneembodiment, step f) comprises a comparison
to pre-defined values for the voltage differences.
[0058] Inoneembodiment, step d) comprises a comparison
to specified values.
[0059] In one embodiment, such specified values are
obtained from a model.
[0060] In one embodiment, such specified values are
obtained from prior measurements.
[0061] Inone embodiment the steps are carried out for all
three phases. This increases the accuracy, and due to redun-
dancy allows a check which gives more accurate and reliable
results.
[0062] The applicance for determining a rotor position
including the rotor polarity at a standstill, of an electrical
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machine having three phases and a connection associated
with each of the phases includes:

[0063] avoltage source for generating a pulsed voltage;

[0064] avoltage measuring device for measuring electri-
cal voltages;

[0065] a wiring system for wiring the three connections
selectably with the voltage source or the voltage mea-
suring device.

[0066] The applicance is designed in such a way that to at
least two different pairs of the connections the pulsed voltage
is successively applicable and an induced voltage thus occur-
ring at the respective third connection is measurable using the
voltage measuring device. The device furthermore includes:

[0067] an analysis unit for analyzing the variation over
time of the induced voltages measured using the voltage
measuring device; and

[0068] an evaluation unit for determining the rotor polar-
ity based on at least two of said analyses.

[0069] The voltage source is understood to mean a power
source which is able to supply an electrical voltage.

[0070] In one embodiment the voltage source is a direct
voltage source, i.e. a power source which is able to supply an
essentially constant electrical voltage, for example a battery.
[0071] Inoneembodiment the voltage source is the voltage
source which is provided also for normal operation of the
electrical machine. The device may thus be particularly small,
and may be manufactured particularly easily and economi-
cally.

[0072] Inoneembodiment the analysis unit is provided for
determining a measure of the deviation of the variation over
time of the induced voltage with respect to the variation over
time of the pulsed voltage.

[0073] Inoneembodiment the analysis unitis provided also
for determining a voltage difference from said induced volt-
age, and the evaluation unit is provided also for determining
the rotor position based on the referenced voltage differences.
[0074] The analysis unit and/or the evaluation unit may be
divided into separate, operationally interconnected units, or
may be completely or partially combined into a single unit.
The same applies for the other functional components
described above or below.

[0075] Inone embodiment the appliance has a memory unit
for storing comparative values for the referenced voltage
differences, and/or comparative values for analysis results of
said variations over time of said induced voltages.

[0076] Theinvention comprises appliances having features
which correspond to the features of the described methods,
and vice versa.

[0077] The arrangement according to the invention com-
prises an electrical machine having three phases, and a con-
nection associated with each of the phases, and is character-
ized in that it comprises an applicance according to the
invention.

[0078] 1t is noted that the above-described embodiments
may each be combined with one or more of the other
described embodiments.

[0079] Further embodiments and advantages result from
the dependent claims and the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0080] The subject matter of the invention is explained
below in greater detail with reference to exemplary embodi-
ments and the accompanying drawings, which schematically
show:
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[0081] FIG.1asimplified block diagram of an arrangement
according to the invention;

[0082] FIG. 2 a sketch for illustrating a permanent-field
synchronous machine;

[0083] FIG. 3 a simplified block diagram of the wiring for
a phase pair;

[0084] FIG. 4 a voltage-time diagram of a pulsed voltage;
[0085] FIG. 5 a voltage-time diagram of voltages induced
by the pulsed voltage of FIG. 4;

[0086] FIG. 6 a current-time diagram of the currents flow-
ing due to the pulsed voltage of FIG. 4;

[0087] FIG. 7 a voltage-time diagram of a pulsed voltage
and the corresponding current-time diagram;

[0088] FIG. 8 a voltage-time diagram of the voltage
induced by the pulsed voltage of FIG. 7;

[0089] FIG. 9 a voltage-time diagram of the voltage
induced by the pulsed voltage of FIG. 7;

[0090] FIG. 10 a voltage-time diagram of an asymmetri-
cally applied pulsed voltage;

[0091] FIG. 11 a current-time diagram of the current flow-
ing due to the pulsed voltage of FIG. 10; and

[0092] FIG.12 adiagram of curves as a function of the rotor
position.

[0093] The reference symbols used in the drawings and
their meanings are summarized in the list of reference sym-
bols. Parts not essential for understanding the invention are
sometimes not illustrated. The described embodiments are
examples of the subject matter of the invention and have no
limiting effect.

WAYS FOR CARRYING OUT THE INVENTION

[0094] FIG. 1 shows a simplified schematic block diagram
of an arrangement 40 according to the invention. This
arrangement comprises an electrical machine 32, for example
a brushless direct current (BLDC) machine, and an appliance
44 according to the invention. The electrical machine 32 is a
three-phase machine having phases A, B, C, each embodied
as a coil. The rotor of the machine 32 is symbolically shown
in FIG. 1 as an arrow having a north and a south pole (N; S),
and has an orientation, denoted by the angle ¢, which is also
referred to as the rotor position. The angle ¢ may assume
values from 0° 10 360°. Using known methods, the determi-
nation of ¢ is not unequivocal, but ¢ may only be determined
with ambiguity; i.e., the rotor polarity, which allows an
unequivocal association of the north and south poles, is not
known. The rotor polarity may be determined using the
described appliance and the method further described below.
[0095] The appliance 44 includes a voltage source 30, for
example a direct voltage source such as a battery, a wiring
system 31, a voltage measuring device 33, for example a
voltmeter, an analysis unit 34, an evaluation unit 35, and a
memory unit 17.

[0096] By means of the appliance 44, it is possible not only
to determine the rotor position ¢ at standstill, but also to run
up the machine 32 and to operate the machine 32 in the
normal operating modes, i.e., to control the commutation.
[0097] Theprinciple of operation of the appliance 44 and of
the arrangement 40 will become clear from the following
description.

[0098] FIG. 2 shows a schematic sketch for illustrating a
permanent-field synchronous machine. The three phases and
their coils, respectively, are identified by reference symbols
A, B, C. Each phase has two inputs/outputs 2 (indicated for
phase A). In the star-shaped interconnection of the phases
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illustrated in FIG. 2, one input/output 2 for each phase is
combined into a star point 3, and the other three connections
are externally conducted and to them voltages may be applied
for commutation. When in a machine according to FIG. 2 a
voltage (referred to below as U,z) is applied between the
points illustrated as dark circles, the indicated current I,
flows. The permanent magnets of the illustrated synchronous
machine are not shown in FIG. 2.

[0099] This causes a voltage Ui (referred to as U below) to
be induced in phase C. When the applied voltage U, is
suitably selected and appropriately evaluated, information
may be obtained from Ui concerning the rotor position,
including the rotor polarity. For this purpose, however, at least
two different pairs of phases must successively be appropri-
ately wired and the induced voltage Ui at the particular
remaining (free) third connection must be measured and
evaluated. For dynamically excited machines, when the mea-
surements are carried out a voltage must generally be applied
in order to generate a defined magnetic field, whereas other-
wise, no defined rotor position exists.

[0100] FIG. 3 shows a simplified block diagram of the
wiring of a phase pair, namely, A, B. In FIG. 3 the voltage
source 30 is symmetrically connected.

[0101] Thewiring system 31 is used to establish the respec-
tive necessary connections between phases A, B, C, and their
respective connections, respectively, on the one hand and
between the voltage source 30 and the voltage measuring
device 33 on the other hand.

[0102] FIG. 4 shows a voltage-time diagram of a pulsed
voltage Up. In the first cycle Up is applied to phases A and B,
and is therefore designated as U, z; in the second cycle Up is
applied to phases B and C and is therefore designated as Up;
and 1n the third cycle Up is applied to phases C and A and is
therefore designated as U.,. The illustrated voltage Up is a
rectangular signal; as is customary for rectangular and pulse
width modulation (PWM) signals, the time segment of maxi-
mum voltage is designated as “Pulse,” and the time segment
of minimum voltage (zero or, as in FIG. 4, negative) is des-
ignated as “Pause.” One cycle is composed of a pulse and a
pause following successively.

[0103] FIG. 5 schematically shows a voltage-time diagram
of voltages Ui induced by the pulsed voltage Up from FIG. 4;
the induced voltages are measured using the voltage measur-
ing device 33 at the respective free connection, and are cor-
respondingly designated as U, U, U.

[0104] Each pole reversal (change between pulse and
pause) results in voltage fluctuations, which are symbolically
illustrated in FIG. 5.

[0105] A determination of the voltage differences AU,
AU, AU allows the rotor position ¢ to be determined except
for the rotor polarity, for example by comparison with data
like those illustrated in FI1G. 12.

[0106] FIG.12shows inan exemplary way somewhat sche-
matized curves for voltage differences AU ,, AU, AU~ as a
function of the rotor position cp. It can be seen that the curves
for AU, AU, and AU repeat after 180°, so that the rotor
polarity remains unknown. The curves illustrated in FIG. 12
may be obtained by appropriate measurements of the electri-
cal machine, or also by modeling. It is also apparent from
FIG. 12 that for determining the rotor position ¢ except for the
rotor polarity, two of the three voltage differences are in fact
sufficient. However, measuring all three gives more accurate
and reliable results (redundancy); the sum over all three volt-
age differences AU ,, AU, AU . is zero.
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[0107] FIG. 6 showsa schematized current-time diagram of
currents I 5, I, 1, flowing due to the pulsed voltage of FIG.
4. After each cycle the current is again zero. However, the
time integral over the current increases with time. Thus, there
is a non-vanishing average current which results in a directed
force effect which advantageously should be avoided.
[0108] FIG. 7 shows a voltage-time diagram of a pulsed
voltage U , ; which is applied to the connections of phases A
and B, and the corresponding current-time diagram for 1.
Due to symmetry, the characteristics for a different wiring
scheme are completely analogous. By selecting this particu-
lar curve shape in which the polarity is reversed after each
cycle, the current-time integral may be kept small and even
periodically vanishes after two cycles (see the points in time
identified by the outlined arrows). The cycle known from
FIG. 4 is maintained as the “cycle.” At the points in time
identified by the outlined arrows it is particularly advanta-
geous to have the pulsed voltage Up end; of course, the signal
may also be lengthened, advantageously by a multiple of two
cycles.

[0109] FIG. 8 schematically shows a voltage-time diagram
of the voltage U induced by the pulsed voltage from FIG. 7,
and once again the current-time diagram illustrated in F1G. 7.
[0110] FIG. 8 showsin a highly exaggerated manner a very
important characteristic of the induced voltage U which is
not discernible from FIG. 5: U changes during the time
periods of constant voltage of U, ;. In particular, U has a
different slope than the pulsed voltage U, 5.

[0111] FIG.9 showsinasimilar fashionas FIG. 8§ avoltage-
time diagram of the voltage induced by the pulsed voltage of
FIG. 7, but for a different rotor position ¢pb=¢pa. In the case
illustrated, the expression ¢pa=¢pb+180° is approximately
valid. In the case illustrated in FIG. 9, the slope of the induced
voltage U is once again different from that in FIG. 8.
[0112] This effect, i.e. the effect that the slope in the volt-
age-time diagram for the induced voltage Ui is different from
the slope in the voltage-time diagram for the pulsed voltage,
and that this change is a function of the rotor position ¢, may
be utilized to unambiguously determine the rotor position ¢,
i.e. including the rotor polarity.

[0113] In the case of rectangular or PWM signals, the
change in slope is relatively easy to determine, since in this
case the slope of the pulsed voltage Up is zero (except for the
transition between pulse and pause), so that it is only neces-
sary to determine the slope of the induced voltage Ui. Of
course, the slope itself does not have to be actually deter-
mined; it is sufficient to determine a measure of the slope.
[0114] InFIGS. 8 and 9 the slope is symbolized by dotted-
line (slope) triangles. Due to interference signals not illus-
trated in FIGS. 8 and 9 but arising in practice upon pole
reversal (see FIG. 5), it is recommended not to use measure-
ment data recorded close to the pole reversal times for deter-
mining the slope.

[0115] A further advantage of the curve shape for the
pulsed voltage Ui illustrated in FIG. 7 becomes clear at this
point: the time period during which the slope is observable is
much greater than for, for example, a 50/50 pulse as illus-
trated in FIG. 4, for example.

[0116] A measure of the slope may be easily obtained, for
example, as the differential variable dU . (in general: dUi), as
shown in FIG. 8. In each case an average value is determined
in the time periods designated by the horizontal arrows, for
example by integration, and the difference in the voltages thus
obtained is then determined as dU .. Of course, this may be
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carried out multiple times to obtain more accurate values, for
example at all the locations designated by a small circle in
FIG. 9.

[0117] Of course, any other pulsed voltages may also be
used; however, these generally require more complex evalu-
ation than rectangular or PWM signals.

[0118] FIG. 10 schematically shows an example of an
asymmetrically applied PWM signal U .

[0119] FIG. 11 shows the associated current-time diagram
for 1.

[0120] The pulsed voltage U 5 (Up) advantageously ends
at one of the locations identified by an outline arrow (or at a
subsequent equivalent location, if the signal has a longer
duration), since at that location the current is zero, and in
addition the current-time integral vanishes. When the signal
ends at one of the locations identified by “*”, at least the
flowing current is zero. In principle, the pulsed voltage could
be ended at any point in time, although this is generally
accompanied by measurement inaccuracies, or results in
longer measuring times. For illustration of the time integrals
of U, orl, . in FIGS. 10 and 11 the corresponding areas are
provided with a contrasting cross-hatched design, depending
on the polarity sign.

[0121] The change in slope is analyzed, with reference to
FIG. 1, using the analysis unit 34; i.e., 8Ui, for example, are
determined at that location. The further evaluation loading
from dU1 to the rotor polarity is carried out in the evaluation
unit 35.

[0122] FIG. 12 showscurves of dUii.e., of dU ,, dU, dU,
as a function of the rotor position ¢. In practice, the curves do
not necessarily show a shape as sinusoidal as illustrated in
FIG. 12, but it is clear that the curves have a doubled period
with respect to that of AU, AU, AU,.. Therefore, the rotor
polarity may be determined by determining two or—which is
better for reasons of measurement accuracy and redun-
dancy—three dUi values.

[0123] Advantageously, dU,, dUj, dU. and AU ,, AUy,
AU, are determined (and in each case compared to one
another) and compared to predetermined values (from mea-
surements or models), thus allowing the rotor position to be
unambiguously determined with great accuracy.

[0124] The comparative values are stored in the memory
unit 17 (see FIG. 1).

[0125] Numerous variations are possible regarding the
sequence of measurements, analyses, and evaluations.
[0126] For example, dU ,, dU,, dU,. may be determined
first, and then AU, AU, AU.; or, U, and AU, may be
determined first, for example from the identical Up signal (for
example, from the same or successive cycles of the pulsed
voltage Up), and then U ,, and AU, and lastly dU . and AU
[0127] After the rotor position at standstill is unambigu-
ously determined, the electrical machine may be run up in an
optimal manner and then operated normally. For this purpose,
the same components may be used as for the determination of
the rotor position.

[0128] Tt is possible, using simple means, to unambigu-
ously determine the rotor position with an accuracy of better
than +5°. This may be carried out very quickly due to the fact
that frequencies of the pulsed voltage of =20 kHz and also
=50 kHz (corresponding to cycle durations of =50 ps and
=20 ps, respectively) may be readily used. Of course, lower
frequencies may also be used.

[0129] TItis noted that the described method and the device
and system may be satisfactorily used without specific posi-
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tion sensors. Test signals (Up) are used, and the rotor position
is determined based on the response of the system.

[0130] The pulsed voltage Up (U,z, Ugzn Upy) as test
signal goes hand in hand with a varying current (I,; 1,
1c.4), which causes a change in the magnetic flux. To keep the
change in the current (I ; 1,.; 14) small, thus allowing, for
example, overheating or damage to the machine to be pre-
vented, the voltage Up is usuvally just a pulsed voltage gener-
ated by PWM which changes its polarity sign (pole reversal),
so that the change in magnetic flux also periodically changes
its polarity. This results in the respective free phase, in an
approximate image ofthe pulsed voltage Up in the form of the
induced voltage Ui (U, U, U,). However, Ui is position-
modulated, i.e. it varies as a function of the rotor position ¢.
Thus, the desired rotor position, even at a standstill, may be
obtained by demodulation of this signal Ui.

[0131] Although the above explanations of the figures and
method steps refer primarily to a motor, by analogy they may
be easily transferred to generators.

[0132] Portions of the embodiments have been described
by means of functional units. Of course, these may be imple-
mented using any desired number of software and/or hard-
ware components which are suitable for carrying out the cited
functions. As an example, a battery may be used as the voltage
source, and the switching or pole reversal for generating the
pulsed voltage may be carried out using switch elements
which may be regarded as being associated with the wiring
system.

[0133] The invention makes it possible to unambiguously
and unequivocally determine the rotor position of an electri-
cal machine in a quick, accurate, cost-saving, and space-
saving manner.

LIST OF REFERENCE SYMBOLS

[0134] 2 Input/output

[0135] 3 Neutral point

[0136] 17 Memory unit, memory device
[0137] 30 Voltage source

[0138] 31 Wiring system

[0139] 32 Electrical machine

[0140] 33 Voltage measuring device
[0141] 34 Analysis unit

[0142] 35 Evaluation unit

[0143] 40 Arrangement

[0144] 44 Appliance

[0145] A, B, C Phases

[0146] 1 Current

[0147] 1,5, L5, 1o, Current

[0148] N Magnetic north pole

[0149] S Magnetic south pole

[0150] U Voltage

[0151] Ui, U, Ug, U, Induced voltage
[0152] Up, U,z Uge Up, Pulsed voltage, pulsing voltage,

pulsating voltage
[0153] AU, AU,, AU Voltage difference
[0154] 08U, 0Uy, dU . Measure, differential variable
[0155] ¢ Rotor position, rotor angle

1. Method for operating an electrical machine having a
rotor and three phases and a connection associated with each
of the phases, for determining the rotor position including the
rotor polarity at a standstill, the method comprising for at
least two of the phases the following steps are carried out:

a) applying a pulsed voltage between the two connections

associated with the other two phases;
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b) measuring the voltage thus induced at the connection

associated with the phase;

¢) analyzing the variation over time of said induced volt-

age;
and carrying out the following step:

d) determining the rotor polarity on the basis of said analy-

ses.

2. Method according to claim 1, wherein in step ¢) a mea-
sure of the deviation of the variation over time of the induced
voltage with respect to the variation over time of the pulsed
voltage is determined.

3. Method according to claim 2, wherein the pulsed voltage
has at leasta portion showing a substantially constant voltage,
and in step ¢) a measure of the slope of the induced voltage is
determined during the at least one portion showing the sub-
stantially constant voltage.

4. Method according to claim 2, wherein the voltage-time
integral of the pulsed voltage substantially vanishes.

5. Method according to claim 2, wherein the pulsed voltage
1s a rectangular or pulse width modulation signal.

6. Method according to claim 5, wherein the rectangular or
pulse width modulation signal starts with a first state during a
first time segment, followed by a second state, different from
the first state, during a second time segment, the time integral
of the pulsed voltage over the first and second time segments
being substantially opposite and equal to the time integral of
the pulsed voltage over the first time segment.

7. Method according to claim 6, the pulsed voltage ends
with a third state during a third time segment, the time integral
ofthe pulsed voltage over the third time segment being essen-
tially equal to, or essentially opposite and equal to the time
integral of the pulsed voltage over the first time segment.

8. Method according to claim 2 for determining the rotor
position including the rotor polarity at a standstill, for the at
least two phases the following step is carried out:

e) determining a voltage difference from said induced volt-

age;
and the following step is carried out:

) determining the rotor position based on said voltage

differences.

9. Method according to claim 2, wherein step d) comprises
a comparison to predefined values.

10. Method according to claim 2, wherein the steps are
carried out for all three phases.

11. Applicance for determining a rotor position including
the rotor polarity at a standstill, of a rotor of an electrical
machine having three phases and a connection associated
with each of the phases, wherein the appliance comprises:

a voltage source for generating a pulsed voltage;

a voltage measuring device for measuring electrical volt-

ages;

awiring system for wiring the three connections selectably

with the voltage source or the voltage measuring device;
wherein the appliance is designed in such a way that to at
least two different pairs of the connections the pulsed
voltage is successively applicable and an induced volt-
age thus occurring at the respective third connection is
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measurable using the voltage measuring device wherein
the appliance further includes:

an analysis unit for analyzing the variation over time of the

induced voltages measured using the voltage measuring
device; and

an evaluation unit for determining the rotor polarity based

on at least two of said analyses.

12. Appliance according to claim 11, wherein the voltage
source is the voltage source which is provided also for normal
operation of the electrical machine.

13. Appliance according to claim 12, wherein the analysis
unit s provided for determining a measure the deviation of
the variation over time of the induced voltage with respect to
the variation over time of the pulsed voltage.

14. Appliance (44) according to claim 12, wherein the
analysis unit is provided also for determining a voltage dif-
ference from said induced voltage, and the evaluation unit is
provided also for determining the rotor position based on said
voltage differences.

15. Appliance according to claim 14, further comprising a
memory unit for storing comparative values for said voltage
differences and/or comparative values for analysis results of
said variations over time of said induced voltages.

16. Arrangement comprising an electrical machine having
three phases and a connection associated with each of the
phases and wherein the arrangement includes an appliance
according to claim 11.

17. Method according to claim 1, wherein the pulsed volt-
age has at least a portion showing a substantially constant
voltage, and in step ¢) a measure of the slope of the induced
voltage is determined during the at least one portion showing
the substantially constant voltage.

18. Method according to claim 1, wherein the voltage-time
integral of the pulsed voltage substantially vanishes.

19. Method according to claim 1, wherein the pulsed volt-
age is a rectangular or pulse width modulation signal.

20. Method according to claim 1, for determining the rotor
position including the rotor polarity at a standstill, for the at
least two phases the following step is carried out:

e) determining a voltage difference from said induced volt-

age;
and the following step is carried out:

) determining the rotor position based on said voltage

differences.

21. Method according to claim 1, wherein step d) com-
prises a comparison to predefined values.

22. Method according to claim 1, wherein the steps are
carried out for all three phases.

23. Appliance according to claim 11, wherein the analysis
unit is provided for determining a measure of the deviation of
the variation over time of the induced voltage with respect to
the variation over time of the pulsed voltage.

24. Appliance according to claim 11, wherein the analysis
unit 1s provided also for determining a voltage difference
from said induced voltage, and the evaluation unit is provided
also for determining the rotor position based on said voltage
differences.



	Bibliography
	Abstract
	Drawings
	Description
	Claims

