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1

METHOD FOR DETECTING A
MALFUNCTION STATE OF AV ELECTRIC

IVLkCHINE

FIELD

The present invention relates to a method for detectin a
malfunction state of an electric machine and to a processing
unit and a computer pmgmsm for carrying out the method.

111

BACKCiROUND INFORMATION

Different types of current generators may be used to
supply networks or load currmtt circuits. For example. a

I
multiphase current ntay be generated with the aid of tlutu-
phasc current generators. Convcriers opcraIcd as rcciiliers
niay be used to feed direct current systems fnsm such
three-phase current enerators in order to convert a nnilti-
phase current genemsted by the three-phase current sources
into direct current. The rectification may take place with the
md of passive (diodes) or active (semiconductor suiIchcs)
rectifier elements. In an active rectifier, a corresponding
dean aiion circutL in addiiton Io Ihe Iield regulator, is also
part of the enerator regulator. 'three-phase current genera-
tors may oftmt bc tmplmnentcd as electric maclunes, which
may be operated as generators to generate electrical energy,
or as motors to convert electrical energy into mechanical
cilcrgvi

For example, such current enerators may be used in sc

motor vclncles Io supply a motor vehicle elcctncal system.
A Ct11rCSpotidlllg i:h:Cirlc tuaChllli: nial'C 11pCISICO ds

enemtor. for example. to supply the motor vehicle electrical
system or to charge a ntotor vehicle battery lior this purpose,
the electric ntachine may be connected to the vehicle elec- 3s

trical system via so-called output sta es or output stage
CIrCUItlv.

Sl JMMARY
do

According to the present invention. an example method
for dcicctuig a malfunction state of an elccinc maclnne, and
dll i:xdlIlplC prot:i:ssltlg Ullll dlul Bll CxdlnplC i:OlupiliC1 pro-
gram for carrying out thc method. are provided. Adianta-
geous enilxidintents of the present invention are described
herein

The electric machine may. in particular. be desi ned as a
enerator. e.g.. as a claw pole generator, and/or. in particular,

as an elcctnc machine which may be operated as a moiur or
as a gmtcrator. The ehxtnc machuic uicludes, in particular, o

d rt1101 Bltil B SIBtor, Slid B rCCtiliCI ClrCilii CollltCCii:0 Io IEC

stator fisr rectifying an AC voltage present at the stator 1 he
rectifier circuit ntay. in particular, include bridge circuits
made up of passive switchin elements, in particular diodes,
or made up of active sv itching elements, in particular 1.

smniconductor switches, such as mcial oxide smmconducior
Iield cfii:ci trattsistors (MOSFET).

llic present utvmtiton provnlcs an option for detecting
different error states of the electric rnachine and the strength
thereof in a simple manner. sc

Within the scope of the example method. a temporal
progress of a volta e value of the electric machine is
Iccordcd. 111 pti111cultlr ol B voltage valUc ol B DC voltage
provided by the clcctnc machuic, tn particular ol'hc rccu-
litxl gcncrator voltage. An evaluation value ts dctermtncd ss
fmm the recorded tentporal pmgress of the voltage value.
'I'he determined evaluation value is compared to a reference

,010 B2

value, and 11 is evaluated as a function ol' result of ilus
comparison vhether or not a malfunction state of the electric
tllachtflc Is prcsctlt

In particular, this reference value is a theoretical value
describing a malfunction-free electric machine. Comparing
the reference and evaluation values allows, in particular,
dilfcrmii error states ol Ihe electric maclunc Io bc dcicctixh
In tlus w ay, ui particular, only onc signal w rcqutrcd lor Ihc
error detection, namely the temporal voltage curve, which
may, in particular, be metrolo ically recorded using a simple
destgtt and, in particular. is recorded anyhow in the course
of the regular operation of the electric machine. Advanta-
geously, thus no additional hard~are is required. for
cxtllnplc ill thc fo11n of adilltiotlal lllixisu11llg dcvtci:s.

In Ihc case ol' malfunciion-free clcctnc maclune, thc
corresponding voltage curve has. in particular. characteristic
pmperties. I'he evaluation value has a characteristic value
v hich corresponds, in particular, to the reference value. In
the case of error states of the electric machine. the properties
of the volta e curve change. The properties change differ-
ently as a function of ihe present error state, and thus also,
111 partlCillar, IEC Cvdlilililoil VBliltv Ill tilts Wtiv. B ptcsCill
error state may tints be inferred by evaluating the voltage
curve or the evaluation value In particular, the error detec-
tion is independent of a rotational speed and load of the
electnc maclune, and a malfunction state may thus be
reliably detected at any rotational speed and load.

Advmilageously, a stdiisucal value ol Ilm temporal prog-
ress of Ihc voltage i slue is dctem»ncd as ihc evaluation
value Preferably, a standard deviation and/or a variance of
a recurring feature detemiinable front the temporal progress
of the voltage valne is,'are determined as the evaluation
value.

With a malfunction-free operation of the electric machine,
the I cmpora I voltage curve its s. in particular. a charac Ieu sue,
periodically rccurrutg shape. A statistical value of the dcier-
nunablc rccurung fenturc. in parimular, a standard deviation
or a variance, is thus. in particular, comparatively low in a
malfunction-free electric machine and ts advantageously
used as the reference value.

In the event of a malfunction state of the electric machine,
thc voltage cilrve dcvlilics lrotn tilts characteristic shape. Ill
thc cBsc ol ti inalfUllcltoil suite, thc sidiisilctll vtllUc of Ihc
dcicrnunablc rcmurring feature of the voltage curve, in
particular, the standard deviation or the variance. is thus
advantageously greater than in the malfunction-free state In
this way. a malfunction state may be inferred in a simple and
reliable manner as a function of the statistical value, in
particular, Ihc standard deviation or thc vanmice

Sumc thc error deiccuon is thus basest on statistics, Ihc
accuracy of the error dcicction is, in parncular, dope+dent on
the vohune of the measurina data. 'I'he more measuring data
are taken into consideration, the ntore accurate are the
results The volume of the measunng data preferably
includes at least 90 embodiments of the determinable recur-
ung feature, ui particular. ai least 100 Thc voltage curve is
thus advantageously recorded for a duration bctwccn 90 ms
and I SO ms. particularly preferably for a duration of exactly
100 nts, or at least essentially 100 ms, at a sampling rate of
10 kl lm for example

In particular. the number of the determined embodiments
of the recurring feature is dependent on the duration and an
instantaneous roianonal speed of Ihc clcctnc machine. For
example, 180 embodiments of Ihc fi:dturc may bc dcier-
nuncd ai a miaitonal spccxI of 3000 rpm over a duranon of
100 nts At a rotational speed of I SOO rpm, 10g embodiments
may be determined over a duration of 100 ms
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Accord&ng to one parucuiarly prelerrcd embodm&cnt of
the present Invention. posit&ons of local extremes are deter-
mined or detected as the determinable recurring feature in
the temporal progress of the voltage value, in particular. of
local peaks of the volta e curve. Position shalL in particular,
be understood to be their temporal position or their temporal
d&siancc from onc anollmr or Ihc&r angular pos&l&on or Ihc&r

angular d&stance from onc another. Advm&ta cously, the
evaluation value is determined fm&n these positions of the
detected local extren&es In particuLsr, in a &nalfiu&ction-free &B

elec&ric nhachine, the ten&poral progress of the voltage value
has a local extreme or a local peak in. in particuLsr. the same
or at least essentially the same position in every period In
paruculdr, &his local pctk corresponds Io a maxm&um value
of d lrdlf wave nl Ibis dpphcdlton. In lhc case iif a BI&ill&inc- I

tion s&ate, &he shape of the voltage curve changes, in par-
ticular, as a funct&on of the present ermr and the magnitude
of the malfunction In part&euler. the distribution of the local
extremes or of the local peaks changes. In this wny, a present
malfunction state may be detected in the case of a change of Io
thc d&stnbution of llm local extremes compared to the
malfuncuon-free case. Thc evaluation value thus advanta-

eously describes the posit&ons of the detected local
extremes of the voltage curve, in particuLsr of their d&stri-

bution.
A statistical value of the positions of the detected local

extremes is advanta eously determined as the evaluation
&slue, perl&cularly prcfi:rably a standard deviat&on and/or a
1 i&I&ance. In thc case of II nldlfiulclton-hcc ch:ctnc nlachnlc,
the positions of the local extremes should have a norntal io
distribution hav&ng a sn&all standard deviation. If a malfunc-
tion state is present, the distribution of the local extremes has
a larger standard deviat&on. The evaluation value thus advan-
tageously describes tlfis standard deviation. or the standard
deviauon itself is prchmdbly dc&em&incxi as the cvaiual&on hs

1 BIUC.

11&c rcferencc value &s prcfcrably detcnnined from a
reference progress of the voltage value in the case of a
nhalfiu&ction-free electric machine 'I'his reference progress
may be metrolog&cally recorded duri»g B malfunction-free do

operation of the electric machine. for example in the course
of d nuitmfiic&Unng process. UI nial'c conlpiitBnonallv
ih:lcrnuncil nh lhc cot&Iso ol B theo&cncal niodci ol thc
clcclnc maclunc Bnd be stored, for example, in a control un&l

fihr activating the electric machine
'Ihe reference value &s preferably determined as a stat&s-

tical value, particularly prefemsbly as a standard dev&ation
and/or a variance, of the same determinable feanire. i e.. in
particular. of thc posit&ons ol'ocal cxtrcmes, of the reference
progress of the voltage value. Sun&larly lo lhc above cxpla- o

nation. Ilus rcfi:rance value d&fii:rs lrom Ihe corrcspondu&g
values in die case of a n&alfunctioning electric machine

In the course of the comparison of the evaluation value
and of the reference value, a threshold value comparison &s

prefemsbly cerned out„ the reibrence value being Bdvanta- ss
gix&usly used as thc threshold value. It &s prcfi:rabiy checked
in the process whether thc evaluation value cxcccxls thc
rcfcrencc 1 slue. Ii'hc evaluation value docs not exceed thc
reference value, it is. m part&euler. detected that no malfunc-
tion s&ate of the electric n&achine is present In contrast. &f the io
evaluation value exceeds the reference value, it is. in par-
ticuLsr, detected that a malfunction state of the electric
machine is present. For example. Bn evaluation vanancc
cxcccdutg Ihc reli:rcncc vanancc allows a mailuncuon lo be
inl'crrcd. Ss

According to one parncularly preferred embodiment of
the present Invention. a dev&ation of the evaluation value

from thc rcfcrcncc value is detcnnu&ed &n thc course of thc
comparison of the evaluation value and of the reference
value. A mag&uludc of a present mall'unction m prcl'crably
evaluated as a function of &his deviation

Il is advantageously cvaludlcd as a funct&on of thc com-
parison result whether one or multiple of the ti&lloiving

state(s) is/are present as a malfunction state of the electric
&IIBChhle:

an interruption in a phase, an increased resistance being
present bclwccn d phase tcm&ioal of thc suitor m&d Ihc
rectifier circuit. in particular. a center tap of a half
bridge of thc rectilicr circu&t,

a short circuit between two phases of the electric machine,
a dccrcascd, u& parucular vanishu&g, res&stance bcu&g

present benveen two phase terminals of the stator;
an interruption in a switching element path. an increased

resistance beino present between two switching ele-
ments of a half bridge of the rectifier circuit:

a short ctrcU&l nl B sw tlchh&g clean:nl pB&h, II ilccrcBscd, hh

particular vanishing, resistance being present across
onc swtlchnlg ch:nhcnl iif Ihc rccnficr CUCU&l.

In particular, the strength of these malfiu&ct&on states &nay

bc evaluated as B linc&ion of the dcviauon of the cvaluat&on
value from the reference value The greater the resistance
value duruhg an intcrniplion, Ihc morc pronounced &s Ihc
corresponding error state 'I'he smaller the resistance value
dunn a short circuit, the nu&re pronounced &s this corre-
spondmg error state

Advantageousiy. a tempomsl progress of B volta e value of
a DC voltage of thc clectrm machine present at a rectdicr
c&rcuit of the elecuic machine is recorded. The voltage value
may. in part&cular, bc metrologmdlly record&xi bctwccn DC
voltage terminals of the elec&nc mach&ne or the rectifier
c&rcuit and &s usually rccordcd for thc regular opcmlion of
the electric machine anyhow.

Pa&t&cuiarly advantageously, the present invention is suit-
able for the use in a motor veh&cle l&or example. a motor
vehicle electrical system may be fed and/or a motor vehicle
battery may bc C&a&gixl by lhc electric mach&nc. A motor
vehicle electrical system may be connected to DC voltage
tcm&inals ol Ihc riculicr circuit In particular, a temporal
progress of a DC voltage prcscnt bctwccn llmse DC volui c
terminals is recorded within the scope of the n&ethod, and the
evaluation value is determined front this D('oltage curve
The method for detecting a malfunction state may, for
example. be carried out by a contml un&t of the motor
vchiclc. For example, thc proem&t u&vm&non m espccmlly
su&&able fi&r velucles Including funcuons havu&g utcrcascxl
sdfclv regin&en&cuts, c.g.. dUU&nidlixl or BUIononloils ihhvnlg,
or for vehicles having long ma&ntenance intervals, e.g,
conn&herc&'ll vehicles

A processing unit according to the present invention. e.g.,
a control unit of a motor vehicle„ is confi ured, in particular
from B programmu&g porn& ol'iew, to carry out B method
according to the present &ment&on

Thc Implemental&on ol'he nu:Ihod &n lhc form ol'

computer Frog/ant is also advants eous s&nce th&s results in
particularly low costs. in part&euler ivhen an executing,
control unit is also used for adihtional tasks Bnd is therefore
present anyhovs Suitable data camera for providing the
computer progrim& are, u& particular, magnetic, opt&cal and
clcctncal mcmoncs. suCh as luird d&sks, fiash mcmoncs,
EEPROMS, DVDs, Bnd thc like. It is also possible Io
download a progranh via computer nenvorks 0ntcmct,
lntmhnet and the like).
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Further advantages tmd cmbodnucnis of the presmli
invention are derived fmm the description and the accom-
panying drawings.

'lhe present invention is schematically shoivn based on
exemplary embodiments in the li urea and ls dcscubed
ht:li after w lih rcfcrcucc 10 lhc IlgUli's.

BRIEF DESCRIPTION OF THE DRAWIN(iS

FIG. 1 schmnatlcdlly shows an electric machine including ic

d prcli:rrcd embodiment ol'a proccssulg ulut according 10 thc
present invention, which is configured to carry out a pre-
ferred specihc enlbodiment of a method according to the
present invention.

FIG. 2 schematically shows a voltage-time diagram of a
temporal pro~cess of a volta e value which may be deter-
nuncd ul ihc course of a prcfcrrcx) specilic embodmlcnl of a
method tmcorduig to ilm present invenuon.

Fl(i 3 schematically shows a preferred specific embodi-
nlent of a method according to the present invention as a zo

block diagmm
FI(iS. 4 through 7 each schematically show an electric

machine in B malfunction state, and each schematically
shtlw a ioltagc-tine ihagtdul of B icnlpoidl plogliss of II

1 oliagc 1 slue wluch may bc dctcunined ul thc course of B

preferred specific embodiment of the method according to
lhc present illvcntlou m thc rcspcctlvc lualflulctloil sixie of
the electric machine.

FIG. 0 schematically shows voltage-time dis rams of
filtered, standardized temporal progresses of volm e values lo

which aliis'c ih tcmuui il ul lhc coUI su of prcfcITI 4 spi clllc
cmbodimcnts of ihc method accordulg io lhc present mvcn-
tlol'I

Fl(i 9 schematically shows normal distributions Of posi-
tions of local extremes of filtered. standardized tmnporal ls
progresses ofvoltage values v.hich may be detenuined in the
course of preferred specific embodiments of the method
dccoldulg 10 ihc prcsitlt ulvcuilou.

DETAILED DESCRIPTION OF EXAMPLE do

EMBOD]MENTS

In FIG. 1. an clcctnc maclune ul the foun of a gcncraior
is sclcmatmdlly dlustrated mid dmlotcd by rcfermlcc
numeral 100

In this example. electric machine 100 is designed as a
three-phase electnc machine. stator inductances (phases) of
a stator 110 being connected into a delta connection. A rotor
120 ulcludes mi excltauou winding 121 includm a diode
connimied in parallel. Furthermore, dn cxctuttlon transistor o

122 may be provldid ui tm cxcitaiion circuit. A voltage
)herc. the rectifie generator voltage) is intermittently
applied 10 excitation winding 121 by excitation transistor
122 being switched on and ofl: usually lvith the aid of PWM
operation, lvhereupon an excitation current arises. By vary- ls
ing ihc samphng rate ol thc PWM operation, ul particular,
the Ici cl of the excitation current, and thus thc lovel of thc
gcncraior voltage, arc venable.

lilectric machine 100 furthermore includes a rectiher
circuit 130 ivhich is connected to stator 110 and includes io
three lmlf bridges for rectifying a three-phase AC voltage
present at stator 110. Each half bridge includes a respective
center tap, via wluch thc rcspectivc half budge is conucctcd
to a phase temunal of stator 110, bclwimn iis lwo reciiiicr
clmuents designed as diodes here. 6s

A DC voltage UI3+ is provided between two l)('oltage
terminals 140 of rectifier circuit 130 as a rectified amlenstor

voltage. For example in a motor vcluclc, electric machulc
100 may be used to supply a motor vehicle electrical system
which ls connected io DC voltage tcrmulals 140.

A pmcessing unit 150 for activatmg electric nlachine 100
is provided. For example, processulg unit 150 may bc
destgtted as a contml unit of the corresponding motor
vehicle. Processing unit 150 is confi ured to carry out a
detection of malfunction states of the electnc machine Iol'his

purpose. processing unit 150 is confi ured. in particular
front B pniglduuuulg poult of sit: w, 10 cttrty CUI B prefclTcd
speciiic embodiment of a nlethod accordin to the present
iuvmilion.

ill(i 2 schematically shows temponsl pmgress 200 of DC
voltage UB+ ul the case of a mall'unction-free state of
electric machine 100 in a voltage-time diagram.

This voltage curve 200 represents, in particular. a refer-
ence progress of I)( voltage U)3+ in the error-free state of
electnc maciune 100 and may. for example. be metrologi-
cally rccordcd during a nuillimciion-free operation ol'lec-
tnc maclfine 100, for exanlple in the course of a manufac-
turiug process, or may be computationally dctemuncd in ihc
course of a theoretical model of electric nlachine 100.

Temporal progress 200 of DC voltage UB+ has B typical
shape v hich is, in panicular, dependent on the number of
pllascs n„a„, the number of pole pairs n „aud rotational
speed n „, ofelectric machine 100. In particular, a period I'„
of the temporai progress of tins DC voltage may be calcu-
lated as follows:

61,

As is apparent from Itl(i. 2. in the malfunction-free state
of climtric maclunc 100, imnporal progress 200 ol'C
voltage U)3+ has a local extrenle or a local peak in every
period in the same or in essentially the same position. In
particular, this local peak corresponds to a maximum value
of a half vvave in this application. At a constant rotational
spccd, thc distance bmwecn two ad)ouung local extremes ls
ideally constant. or the extremes are always situated in the
same position. Duc to ioleranccs, measunng deviations and
nsndom interferences, the positions or distances of these
local peaks )as B dcierminablc rccumug feature) shmild llavc
a normal distribution having a small standard deviation (see
also FICi. 9).

In the case of a malfunction state of electric nlachine 100,
the shape of the voltage curve of DC volta e UB+ changes
as B function of thc present malfuucuou state and thc
magnitude of the malfunction. As B result. the distribution of
the local peaks also clrdnges. A change In thc distance
distribution of the local extremes compared to reference
progress 200 thus lnihcntcs a malfunction state ol'lcciuc
machine 100

A statistical value which depends on thc Instantaneous
distribution of the local extremes of the voltage curve,
particularly preferably the standard deviation of this distri-
bution, is tints determined within the scope of the method to
be able to detect a present malfunction state of electric
maclunc 100.

A prcfcrrcd cmboihmeni of tlu: method accordulg to ihc
prcscui ulvmliion, wluch may advantageously bc camixi oui
by contml unit 150. is schenlatically shown as a block
diagram in l1(i 3.
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During ongo&ng opcrauou ol'electric maciune 100. &n step
310 lhe tempomsl pmgress of I)( voltage UI3+ is recorded
fi&r a duration of f00 mg for example.

In step 320, an evaluation value is determined fron& tlus
recorded temporal pmpess of DC voltage UB+. Since the
raw data of the measurement may be subject to interference
dud lx»sc. &hc raw iL&ld, & c., lhc &ccouli:8 tcu&pii&BI p&ogriws
ol'C voltage UB+, are &rut&ally smuothcd bv a litter u& an
optional step 321 'I'he sn&oothed data are optionally stan-
dardized in step 322 with the aid of their mean value, fi&r &B

example by subtraction of their mean value, so that the
signai curves become clearer.

Thereafter„ in step 323. local extremes or local peaks are
dciccled in lhc smoothed and stm&ddrihzed temporal prog-
ress of DC Voltage UB+, and their positions w&tlun a period
are determined In particular, a theoretical value is deter-
mined for period I „ for this purpose at the instantaneous
rotational speed of electric machine 100 according to the
above fornniia. In step 323, the local extremes are. in
particuLsr, detected with this period Tin zo

To rm&dcr distnbutions ol'he local peaks comparable to
one another. lhc posit&ons of lhe delcctcd lo»al peaks dcter-
niined in step 323 are standard&zed in step 324 by subtraction
of their niean value In this way, a density function of the
distribution of the posit&ons of the detected local peaks &s

obtained, which may be assumed to be a normal distribution.
In step 325. a standard deviation of this distribution of the

dc&CO&cd local peaks &s detcnuu&ed as m& cvaluat&on value
In step 330. &his dclcrmincd evaluation value, u& lhc fi&nn

of the standard deviation, is compared to a reference value. &o

'I'his reference value is determined in step 331 from a
reference pmgress of D('oltage IJI3+, as it is six&v n in I 1(i.
2. for exan&pie The reference progress at the instanmncous
rotational speed of electric machine 100 may be stored with
thc aid ol clrdractensl&c maps u& control umt 150. Cr may be &s

detcrmu&ed by control unit 150 w&lh thc aid ol' lhcorclical
model. In slop 331, a standard dev&anon ol' pos&lion
distribution of local peaks of this reference progress &s

detem&ined as the reference value
In particular„a threshold value comparison is carried out do

in step 330, and it is checl ed whether the evaluation value
cxcecds the reit:rm&cc value, prcfcrably plus a uselhl tolcr-
ducc lhrcsholil. II lhi: cvaiUdl&ou vali&i: does not cxccixi thc
rcfcrencc &slue (if ncccssary, plus thc lolcrance llucshold)
and is below the reference value (if necessary. plus the
tolerance threshold) (i e., the standard deviation of the
measurement is. at the most. as high as the standard devia-
tion (if necessary. plus the tolerance threshold) of the
rel'crcncc). &I is dc&ected u& step 341 lhal no malfuncl&on state
ol'lccu&c maclunc 100 &s prcscnt. o

Iu contrast, &I lhc i:vrdUB&&ou vdli&i: cxccixls lhc & i:fc&ence
value (if necessary, plus the tolerance threshold), it &s

detected in step 342 that a malhmction state of electric
machine 100 is present. In this case. in step 343. a magnitude
of the malfunction state is determined as a function of the &s

cxient lo which thc cvalual&on value dev&ales Irom thc
&cfi:rcucc vrdlic (lf uci:cssaDB plUs lhc loli:rin&ci: lhrcshoid).
In particular, upon dctcct&ou ol a malfunction stale in step
342. a safety or self-pmtect&on measure is carried out, for
example. a limitation of the load of electric machine 100 by io
a lin&ited excitation current.

Hereafier„different malfunction states of the elecrric
machine dre dcscribcd w&th respect lo FIGS. 4 through 9,
and how these malfuuct&ou states may bc detected w&linn the
scop&: of lhc u&clhod. Ss

FI(ig 4 thmugh 7 schematically show the electric
niachine from I&I(i. I &n different malfunction states. I&ur-

thcnnorc, FIGS. 4 through 7. sunilarly to FIG. 2, schemati-
cally show voltage cu&ves of D('oltage I JI3+, which &nay

be detected in these malfunction states within the scope of
the method in step 310

FICi. 4a schematically shoivs the electric machine from
FICI. I in a first malfunction state IUUA. In this malfunction
state IUUA, Bn &nlernipuon in a pluisc &s prcscut, au u&crcascxt

(possibly &nlinilc) rcsislancc R, being prcscnt bctw ceo a
plmse terminal of stator 110 and a center tap of a half bridge
of rectifier circuit 130. I&l(i. 4b shows a temporal progress
200A of DC voltage I J)3+ which may be detected in such a
malfunction state IUUA within the scope of the method in
step 310.

FICi Sa schcmat&cally shows the clcctnc maciunc in B

second malfunct&on slate 100B in wh&ch a short c&rcu&1 is
present between two phases of electric n&achine 100. a
decreased, in particular vm&ishing. resistance R, heing pres-
ent benveen two phase terminals of stator 110. I&l(i. 5b
shows a temporal progress 200B of DC voltage UB+ which
may be detected in this second matin&ction state IUUB
w&thin the scope of lhc method in step 310.

A third malfuncuon slate IUUC of the electric maclune &s

shown in FI(i. 6a, an interruption i&1 a switchu&g elan&ent
path of rectifier circuit 130 being present An increased
(possibly i&nfinite) resistance Rs is present in the process
between two sv, itching elements of a half bridge of rectifier
c&rcuit 130. A corresponding progress 200C of DC: voltage
UB+ which may bc dc&ected in tins &turd mall'unction siatc
100C is schematically shown u& FICi. 6b

In a fou&th malfi&nction state I UUD of the electric
machine, which is sho&vn in I'l(i 7a. a shor&circuit is present
in a sw&tching element path. ivith a decreased, m particular
vanishu& . resistance Rd across a switchin element of
rect&fier circuit 130. FRJ. 7b shows a corresponding progress
200D of DC voltage UB+ which may be dc&ected in tlus
fi&urlh malfunct&on state IUUD.

S&m&larly lo above cxplm&at&ons w&th respect lo FIG. 3,
these progresses 20OA and 200)3 and 2OU('nd 200)) may
be determined in step 31U of the method when the corre-
spond&ng malfunction state 100A and 100B and 100('nd
IUUD of the electric machine is present. According to steps
321 through 323. &hcsc progresses 200A and 200B m&d 200C
and 200B Brc lillcrcd dnd standard&zcd to dctcct local peaks
wilh lhc Bid of pcr&od T„.

l&I(i 8 schematicaliy shoivs corresponding filtered. stan-
dardized temporal pmgresses 200A and 2UUI3 and 200C and
200D u& voitage-time diagrams. which are determined in the
course of preferred specific embodiments of the method
according to lhc prcscnl u&vent&on Tlm u&d&valual dc&cot»st

local cxtremcs or local peaks are each represented w&lh an
astensk.

l&I(i Sa shoivs a filtered and standardized temporal pmg-
ress 300 of reference progress 200 shown in l&I(i 2

FICi Sb shows a filtered and standardized tempomsl prog-
ress 300Aof voltage curve 200A from FICi 4b. which may
bc dclernunid in thc course of Iirsl error state 100A.

FICi 8» shows a filter&xi and standard&zcd temporal prog-
ress 300B ol'oltage curie 200B shown &n FIG. 5b, wtuch
may be deterinined in the course of second error state I OUI 3

A filtered, standardized pmgress 30OC of voltage curve
200C of third malfunction state 100C shown in FIG. Sb is
represented in FICJ. 8J.

FICi Se rcprcscnls d littered. Standardrzcd progress 300D
of voltage curve 200D shown in FICi. 7b &n I'ourth error stme
100D

As explained above. the positions of the local peaks
detected in step 323 are standardized in step 324 by sub-
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Iraction of &hc&r mean value, whcrcby 8 dcnsily func&ion of
the position distribution of the detected local peaks &s

deternlined, which nlay be assumed to be a normal d&stri-

bution, in particular, having a mean value of zero
FIG. 9 shows correspondin normal distributions of the

peak positions which were detected in the filtered. standard-
izixl temporal progrcsscs 300. 300A. 300B, 300C, 300D of
FIGS. Su tllrough Se.

('urve 40U is a normal distribution of the detected local
peaks of the filtered, standardized progress 300 of reference &8

p&ogress 200 fronl I'I(i 2 shown in I'l(i Sd.
Curve 400A is a normal distribution of the positions of the

detected local peaks of the filtered. standardized progress
300A lbom FICi. Sb &n Iirs& malfimciion sta&c 100A.

Curve 400B &s 8 Born&al d&stnbut&on ol &bc posit&oiw of thc
detected local peaks of the filtered. standardized progress
300B shown in I'IG Sc in second malfunctiiul state IOOB.

(:urve 400('s a nornlal d&sthbution of the positions of the
detected local peaks of the filtered. standardized progress
300C shown in FICI. Sd in third malfunction state 100C. Io

Curve 400D w a normal d&stnbu&ion of the pos&nona Of the
detix&cd local peaks ol'he Iiltcrcd. standardized progress
300D sholvn in l&I(i Se m fburth malfunction state IUUD.

As is apparent fronl l&Ki 9. distribution 400 of the local
peaks in ihe reference case is the slinunest and has the
lowest standard deviation or lowest variance. The standard
deviation of this d&stnbution 400 is thus determined as the
rcfcrencc value. Thc standard deviat&ons Ol thc remaining
disthbunons 400A, 400B, 400C, 400D arc each gree&cr than
the standard deviation of distribution 400. &i&

'llie more the stan&Lard deviations of distributions 400A,
400B, 400(. 4UUD as evaluation values deviate from the
standard deviation of distribution 400 as the reference case,
the stronger is the corresponding malfunction stale of the
clccxnc machine, whcrcby thc nmgni&ude Ol the respccnve &s

error may be detcrm&ned &n step 343.
Tile greater rcs&s&ance value R, or Rl durulg Bn interrup-

tion in the first or tb&rd error state, the more pmnounced &s

the corresponding malfunctiim state 'I'he smaller resistance
value R. or Rd durin a short circuit in the second or fourth do

malfunction state, the stronger is tlfis correspondin mal-
IU&IC&&0&1 sta&C

WI&ia Is cldllnixl iw

I A nlethod for detectuig a malfunction state of an
electric mach&ne. the electric machine including a rotor. a
stator, and 8 rect&fier circuit connected to the stator. the
method comprising the followin steps:

lecoldlllg 8 tcillpoldl plogll'll of d vol&agc valUc of &hc

CICC&llc Ill&8:h&1&C, 8

dC&CI&llllllllg Bll CVBIUd&1011 VBIUC. whclciln
the determination of the evaluation value is from a

combination of a plurality of values of the recorded
tempomsl prog&ress of the voltage value over time,
'&lid/Ol ll

thc evaluauon value clraracterizcs thc recorded tempo-
ral progress of &1m voltage value over hme.

comparing the dctcnn&ncd cvaluanon value &o a value of
a predefined reference constant, wherein the value of
ihe predehned reference constant is predetined and ic
independent of the recorded tempomsl progress of the
voltage value; and

Cl BIUII&illg, Bs 8 fill&C&&0&1 Ol &I CoillpBnso&1 ICS&il& Of &BC

Colnpanllg, whcthCI 01 110& 8 11&alfU&&CI&011 S&litC Of &BC

CICC&llc Ilnlch&1&C &S ph:Scil&, Ss

ivherein positions of local extremes are determined in the
tenlporal progress of the voltage value as determinable

recurnng Iba&urea, and ihe evaluation value is detcr-
nnned froni the determined posit&ons of the local
extremes

2 I'he inethod as recited in claim I, wherein a statistical
value of the temporal progress of the voltage value is
determined as the evaluation value.

3 Thc mc&hod as reci&ed &n claun 2, where&n a s&andard
deviation and&or a varimlcc ol a rcwumng fca&ure dctennin-
able fmm the tenlporal progress of the voltage value are
determined as the evaluation value

4 'I'he method as recited in claim I, wherein a threshold
value comparison is carried out in the course of the com-
parison of the evaluation value and of the value of the
rcfcrcncc cons&an&, and» is checked whether &he cvaluat&on
value excccds thc value of thc rcfcrencc constant.

5 I'he method as recited in claim I, ivherein a deviation
of the evaluation value from the value of the reference
constant is determined in ihe course of the comparison of the
evaluation value and of the value of the reference constant,
and a strength of a present error is evaluated as a function of
the deviation.

6 Thc method as rcc&tcd ul cia&m 1, wherein i»s
evaluated as a fiinction 01 the comparison result whether an
intermption in a phase and&or a short circuit behveeo hvo
plmses and/or an interhiption in a switching element path
and/or a short circuit in a switching element path, is present
as a malfunction state of the electric machine.

7 Thc I&le&hog Bs rccl&cd In cia&m 1, whermn 8 temporal
progress ol a voltage value ol a DC voltage prescn& at thc
rectifier circuit of the electric machine &s recorded

S 'I'he method as recited in claim I, wherein the deter-
nunation of the evaluation value is from the combination of
the plurality of values of the recorded temporal progress of
the volta e value over time.

9 Thc method as rcci&cd in clmm 1, whcrcin thc cvalu-
al&on value charac&erizcs &he riwordcd temporal progress ol
the voltage value over time.

10. A method for detecting, a malfunct&on state of an
electnc nmchine, the electric machine including a rotor. a
stator. and a rectilier circuit connected to the stator. the
method comprising the following steps:

recording a temporal progress ol' voltage value of &hc

elcctnc machine, where&n pos&t&ons of local cxtrcmes
arc dc&emlincd m ihe &mnporal progress Ol Ihc volui c
value as determinable recurring features, and the evalu-
ation value is determined from the determined positions
of the locai extremes;

detemlining a statistical value of the determ&ned positions
Ol thC IOCdl Cxt&CIUCS ds ill& CVBIUB&&0&1 Vdlilc,

ColnpBI&llg &RC SC&cl&nillcsl CVBIUd&1011 VBIUC &0 8 ICfCIC&&CC

VBIUC, illnl
evaluating, as a function of a comparison result of the

comparing, ivhether or &lot a &1&alfunct&0&1 Btate of the
electric maclune is present.

11. The method as recited in claim 10„v herein a standard
dcv&ation mid&or a variance of the de&ennuied positions of
thc local cx&remcs &s dcu:nmncd as thc evaluation value.

12. A method for dctcctulg a malfuncuon s&atc of an
electric machine, the electric Inachnle Ulcluding a rotor. a
stator, and a rectilier circuit connected to the stator. the
method comprisin the fi&llowing steps:

recording a temporal progress of a voltage value of the
clectnc maclunc,

dctcmniung an cvaluauon Value from thc rccordcd tem-
poral progress of Ihc voltage value,

comparing the determined evaluation value to a value of
a reference constant, wherein the value of the reference
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constant is prcdeiincd, is in&4ycndcnl ol the recorded
temporal progress of the voltage value. and is deter-
mined from a reference progress of the volmge value in
the case of a malhniction-free electric maclune,
wherein the value of the reference constant is deter-
niined as a standard deviation and/or variance of posi-
non of local cxlremcs of thc rcfcrcncc pro ress of the
volta e value; and

evaluating, as a function of a comparison result of the
comparin, whether or not a malfunctiim state of the
electric machine is present.

13. A processing unit configuired to detect a malfiuiction
stale of an electric machine. Ihc electric machine including
s rotor, s sLilor. and a rcctilicr circuit connected lo Ihc staler,
the processmg unit configured to

record a temporal progress of a voltage value of the
electric machine;

detemtine an evaluation value. wherein;
the detemiination of the evaluation value is from a

combinanon ol'a plurahty of values of the recorded
Imnporal progress of Ihc voltage value over lime,
and'or

the evaluation value characterizes the recorded tempo-
ral progress of the voltage value over time:

compare the determined evaluation value to a reference,,
value of a predefined reference constant. ~herein the
i slue of thc prcdclincxt rcfcrencc constan«s predefined
and indcpmidmit ol'hc recorded tempoml pro~ass of
the voltage value: and

evahiate, as a fiinction of a coinparison result of the
comparison, ivhether or not a inalfunction state of the
electric machine is present;

wherein positions of local extremes are determined in the
u:mporal progress of thc volLi c value as delcrmuiable

recurnng ibatures, and ihe evaluation value is deter-
mined from the detemiined positions of the local
cxlrcmes.

14 A non-tmnsitory machine-readable storage niedium on
which is stored a computer program for detecting a mal-
function state of an electric machme, the electric machine
including a rotor, a stator. and a rectifier circuit connected to
the stator, Ihc compuicr progrmn, when cxixulcd by
computer. causing Uie computer to perform thc lhllowuig
steps:

recording a tempoml pmgress of a voltage value of the
electric machine;

detemiinin an evaluation value. ~herein:
the detennitmtion of the evaluation value is from a

combination of a plurahty ol'alues ol'hc recorded
temporal progress of thc voltage value over time.
and/or

the evaluation value characterizes the recorded tempo-
ral progress of the voltage value over time:

comparing the determined evaluation value to a reference
value of a predefined reference constant. ~herein the
value ol'he prcdclincd refbrcncc constant is prcdclincxt
mid uidcpcndcnl of lhc recorded temporal progress of
tlic volliigc value: arid

evaluating, as a function of a comparison result of the
comparing, ivhether or iiot a iiialfunctioii state of the
electric maclune is present:

wherein positions of local extremes are detemiined in the
temporal progress of lhc i oltagc value as dctcrnunablc
recurnng ibatures, and ihe evaluation value is detcr-
iiiiiicd koiii Ilie ilcli:iiiiiiicd posilioiis of llic hicsl
extremes

e s s
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