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Tha sarly delecion and jecalizsfion o fagll 0 eeshines and delvss 5 ol plimery mleesl 2 makos
furfhest impicyeenand ol e peliabilily and aalley. Thia papar pesant @ new appeoach o el dsgnoi
arel supmrvinan of main drives wilh almdic comperenh

The wapervision ol deives walh sddifional senson for iermperahare.  pressares or vibeshom b osaslly
soperune. Currently, inlernal peoosss faults aze only detecied partially ecd o & reiher (a%e stsge, by
penaratirg alarea i ceriain lmits of the resdured sgrels ees exossded or lDeat owitchs siop the
mschinm toal. A procen model boed approach far loull dlagnedis win devaleped A dynamss modsl af
e main dajve was desived &nd logeiher with sailily messusabies pgrab of the dive like cucerd ard
for & dingnoshc tnfecaros machanom
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1. Intsodurticn

Tha mim of supsvision of meching ol 0 W0 deleg! char-
g and fsulb duting fermal opmaton snd lo lsks propse
sctiora al an saly siege k= avoid & damege &l the procem.
Fnill newy, machine fool supsrvision 5 mainly  perfermed
by bmal wvaloe checking of some meassurable  variables
Howevar, irmmal procsss fasthy may fen only be detees
LR

To get Hurtber insight al the indernal procsm  babaviour
withoul (he uss ol addibonal sereom. one nesdy 8 dyne-
mic mathematical peoossy model ee e lsermann eof &l
¢, b msch drive of lhe machice iool. Generally, the
model can be decribed by

Y10l K. B a:

M aod Y1) maw msamarahble mgrf ard outpal signals, W
drtusbance signah (rows) and B0 constant o alowdly fme
VArying [Ocess paramsian

If & feult sppaery (5 e proosss, depending an i bype.
tean Wil cais chamgs AR of the prooes  parATatEe.
Thasn changes will lesd & charges 10 of the e
b wariables dus o cerlain dynamas. The schial proces

&81

paramatess EXl) can be sshreated via remumive deetifize-
tinn of conliruss:ime proses rodsl

By Ehees rocel coienied delsction procedurm  ssversl
procen Ll may be deteced and localiied by wéing
prly few ool sersces and e physically bassd dyna-
mic causslibe befwesn the mignaly, see Willsky /34, Isare
mans £ 34

In case of an aaily bolus hinl, e may Bhan ke nd
widusl actions of mainienanos. while belors wers lakan an
regalnr matnisnancs 1niersals

L Theoostosl modalling of the main drivs

Fig. | shows the main drive of a hootsondsd milling ma-
ahing MAHO MO8 This maan dve consahy of & molor, a
Balt dfive, & geaf, ioes dhafs ard & wetk ipiedls The
frtd ipesd i A The rangs Bom 30D spmo up le 5000
mpm. Umng low irandfer leclon (0045 0204 0504 s
16020, & spirdle speed i Ibe inge Bem 2 pm up i
8000 pm o obidred. Thess bansfer facior may ditectly
compabed by mullipiying gear and bell drive barsmimicn
HE



Fig- | Main drive af & Nexibie milling cenie

! de molat. 1 bell drive. J shaft.

£ gear and 8 work spandis
An equivalsni schems of the dyramic bshavicur of the
main drive b thewn in Fig. I The main drive may be
divvided In an elecinical mibsysiem (reciml, & mechanical
nbrcam (drive thain) and working proosss (e g mmb
lingl Mowsvar this paper diah only with the medalling
and jdanbfoabce ol Pa alecirical and mschanical by
plarra, For [aibuse peepmclivery 86l wear dabechon ol the
=uling peocan s Reaf o al /4 ee Fuchs, el &l /87

n o

Fig. 2 Schames of tha man dows 7/

nl Rolmbng two-mass-dampar sysiems
b} Fepressntabion |m form of Bour terreanal nebssarks

2) Slmplifed Faodel fai parasebes malimmalien

L1, Elecizical mabayvlaen
The dynamic bshavior of fhe do mobor can be. described
by Ehe bma equatiors
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adrmalie ndusiive merilanse.
R ACTHAUTE resutance,
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¥ fiue Bnkage,

asmabae cament,
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Waltd mrmature voliags,
wglt]  enobor spead and
My load iooquos.

Chatng cpmmatior with Seld shunting the flux linksge ¥
depandh on the suciting current [git)

¥ o= gl L}
This miluarce can be faken ouf of e specification bl
e tha mruanuleshsne

23 Machanical mibsysbern

dooording o Fig. | the dnve chain comiil of ball drive,
ihall, gear bew and woqk spirdles. Aouming small devia-
lemi gll) from sisady-diate, for sach of thas  mechanicsl
elamants 1be Synamic bebaviour may be modeled by an
alashc bwo-mss-damper ryshem. squivalent 8o Fig. ]
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Flig. * Bloek diagam al & lea-mas-darmpss §@ilem,

with [} I3 farhenbi of hertia
| springg and damping fachor.
MMy Poagues and
U] craralar Lactior
Ax alss shawn i Wanke and Beifl /o ihe sate tpace
miadal of tha two-Tan-demper syrem i glven by
'-'1 Al -=fy afsly siwy Ly
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with % .3 rypast Fpialpet polniion argls ard
i g ahgnil ) sty ipesd

kiodely i e mechanical sleranh of e main drive e
summarized in Tabls [, see sbo 71/ Seiting dhe transies

facsca i
o wg = . (e

cren direcily obtmns ibe shabe-space represapistion ol ftha
shafl.
In =i of the ball drive the Haradel EBSar o b oiel B

v = Fafiy. imn
whate 1, and i am e fedia of sach bell mlley -
1pactively. Addibonally a sip 9 oot be falen n soooand
for the sta% space repressniaton of the belt
The transfer lacior vy depends on fhe poition of (ke gear
Ehiftieey swikek



[iflerantial Fonaticn
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Tabis |:

Matharnalical modsls of ha meshareosl driva
llmtrmimtlll.d!ﬁlﬂlﬂ rale, v, rarate
[# Tacn |I momant al nerfia)

Cormaciing 1he wsngls slermanss by lowr beminal nel-
works, Fig |, ibs ovesall model of (bs drive chaim o
plotained. Thus, a siate vactor of (0% gedes

a¥ = i@ v #3 %2 9393 %a Fu ¥a pa b L1

may be defined

23 Cwerall modsl of the main drive
Connecling the alsctrical scteywier, Bg, 3 and O) - and
the mechanbcal nawydam. S5 &, e cvesll podel of
the main drive 0 sbisned. A wlale vesior ol (1% cadar

B¥ = Qs W %5 93 P2 P2 ¥y Py Fu Pa Pl ]

may b deihved ard the cvenall eists rodal Becerned

A0 = A Elrh « Bulld = [l {10

with  wll) o AU 000 llF « ably (10

ALl arel abl; 1) tepresend vamtions ol the dc maloc
voilage snd tha loed imrgue. Tha load jorgues depsnds on
the working proces, lks millng o drilling In the e
maining pad of thin paper. Ehe influsnce & the weeling
procsas will not be considered. Cinly  failures during na-le-

& opstalices are (nvertigsied .

3 Parmmeber ssiimalion of coptinous-tims procssss
Basically. failute delscticn 3 (e combinatien of theoeti-
al modelfing and pacameier silimabion of conlinues-fime
modals.

Acoording %o secton 1 the siructure of the modall b
hﬂmﬂhwﬂahﬂh b maiimabed in
order %o daiesl changes of the mun drive during jestrurs

A Basic squaticm

Witk refmrenca b0 En | ome can abriviate:

Yo+ 4T 8 )

whate § b the olbssrvabon vechw. k i e ssmple of
rrsaunarmant and @ 0 e pazarnsiar weotar, with

ST o fopelleh, . . L epEO0), il Gkl
and BT

- utmage] (13

oL illgy o owiipg Bge o o o Bend (3

The unknswn proses paamatens B me obftained by mi:
pimiting tha lom funstian

H
Voo § oo ¥l o+ gTg with Cl4d
well

W - oyl s gTo 8 a5
whera H ropnesends fhe esitmated walom o B Faciotizing
e 3 callsd ipdormabon matri O

OOy = TN N (T
in bwo uppet Blangular equase rool by using e Home
belder  ftsnslermadise & Fumetes]  sphieossd  sshraton
method called discrele squase oot Bllee (DSFT), ses lsan

mane T/, W given

13 Delsrmirabon of e ognaly dervebes

Ai only tha irgd and outpinl sigrads o and ¥, can be
rmgatipecl, Thalt darieslives ¢, ¥, . and o d . . ;s be
defmirnined in & diflerenl way, Foe ko tek. fha method of
state-warinble-flbering GWF) i wall nutied, e Toung /8
The 5¥F in implemanied by & progremmable digital - filles
F[l].Flg.ﬂ

]-..-,""’m yim ¥yt ylth
¥ [ | PR _L. K] 5
|" Lo i s
1= e l!"
['_i.'s':ihl '
]
et i s
bt S
Fig & Esalization of the rabe-varinkie-Gite
Fex sach Elbes fbe transler hanction b guveh By
¥ I
W e am

The paramwien Iy 0, - Jg & Seigred wia Butbeworib-
filiar-charscierieties, sen Paise ard [lermann /8 The fille
red mgnaly ¥ . pfS may then be bed inls lhe obsar-
wahon mate ¥kl

4 Phyooally bassd modal reducticn

Aa ahowrn aarlhar, S main drive of tha machine ool may
be represanied by & 1™ ssdee modsl which & joa com-
plex o be analysed by ahly maasusing mpal and sulpat
dats. With regard o subiequent fmill disgnsen o6 The
maln dzive, one fas o develcp & meduced modsl desci-
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bing the essenbal dymames bebanour

Cormidaring the meschardonsl subsystem, ans cen feduce e
el of 10T esdar by Peglecling (hesa slarmmnd with a
large wliffrse. Thateicsw, spiing and darmper [aciar and als
ihe momenty of irsetis are caloulaled for ssch sdamenl by
spacificaton shests of e manescturer. Sinos the slashorty
of shaft and work spindsl b prall compazsd to e ors of
ball dsive and gear bes, ane reglect thass bwe slamenis
Thia, com pals & &M csder modal, Simulstics pesdlls may
thow good agreamants babwean the dgrall of b e
origival mnd the mduosd model

|I-|l|-|:|:-l|lrr:d.rtdinu P1 A vme]
A . F 135
"II"'; [
rﬂ—!hﬂl w----4 ToAL
.................... E apis
iy e g T
weeod [T B
227 | a.q; 43 %]
[ =
B e s

Fig. & Pais oonfiquration of tha mechanscel wabsysbsm

Flg. 8 sbevwn ths pods corfigurstion of the 101 mde mes
ummmuvumuui-nmdth.m
foch in lhe Sefo polhl egeedl e bebavioes o an e
mas in continued socelesabon of an inpal boeque The
conjugate -camplew poots mepresent the chatacteistic ossile
iaticrs of aach mechardosl alsment This pole eonfoqursti-
cn proved lhal indesd, gear box and bell drjve aje D
simmants wilh (b largest alasticity, which pesd o e
curgaderd in fhe &= arder mexdal

in & second miep. ihe elasticities of both slemans may be
furmped logeilber laading o an again reduosd model This
revid &9 pecler podel corepoandd B0 the fwo-mes-dampar
tyrlem shown bn Flg 1 Consldering the ball dive o (be
slamant with the larges! siefizity, we Fig 3 one obiaim
tha paramatan fof tha edisosd modsl sccoiding o Eq. [30,
son Table T

irmarmanl =l (maria
il the pirean ecxdl
lg = Is+* lemg = Llgg = lw = lgg’ vy (homens of medts
3 e b okl v et v daseant & banle |

f| . |r¢ + lmi

i - cg Leprineg Tacise)
d = dp (dampet facter)
LR TR tiransfer factsr]
iy (maobce spesd)
iy fwerk spindls  spesd)

Tabls & Pazarnmiers of the ecuced rmodel

Tha mgenireguency of the revalting model o gEoven by

Poomm tmtyls af-1]

Comgparing ke pole cordiguration of the modsh of [0

and 4T orces, ses Fig. § and A oo fincts (haf tha dour
ooty of e edoosd modsl are o8 geed accopdence wiin
tha feur darrdnanl mali of Ihe ovecall model,
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chasactershic oscillaban
TR b
1.4

A 7 3y

Fig & Fol configuraiion of iba redused modal of 4T
et

4 identification of the paremaier of the reduced modsl

8). Equations for the pararesder sstimation
To sstimabe the parametecs of the do molar Eg @ o used
Cre guh

Ut = By g 011 By I g0EY = B 00 (1
with @, «¥ WBg«h Bgsl
Pulirg |ba pataretars cf Tabls I in Eg (9. Ope gel
. e
i G s g %.lm
d [ 1
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The teeque My n Eq 0O0) depends =n ke motar g
mana & fiction Mp. hence

H1“J o *I_p.ﬂ"-""r'n
The fonqus My m Egq () oomwespond to the reacting for-

e Wy of e working process snd o set G
Btglld o«

et

s b

becsuss ol re-losd cpamabiome dunng parsmetsr mEradon
Adding Eq. (20) snd Bg. (2} ard regueding Eg. (22 ard
Eqg (X1 ars gals

Flailh- My = By () = Bgugild
Hq_" rl- and B!"ﬁ‘]i‘
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The pamarnaies ¥ on e jof wde of Eq (30 prwl be
slirnaied previously, ws Eg (9], or iakem Sur ol the
wpecificalion sheet of the manudechaer,

Pulng Eg. (23 in Eq. {(#) the balance of forque on ihe

work spundie yields

oy (s Bauy () By gy (- By wg (1) - By wg () 329

whilh By L,

B#'E"" By w E.'-g. =



By usipg B inverss relaticeship
Bl

the coafoments o ocan bes determined uniguely and he
idanhiflakity of tha reduced mein deive modsl cen ba

shown The cosflisantel yeald i
v = By

a3a)

Iy =By
Iz = Brgf By
c « By 8578

d « gy 8y 8,

il Expesimenisl resalts

Fint expemment have shown that i the tremfer fschor wy
in constard, tha lricton e heaodly deperds on speed varia-
ligrs. Hemos, for Ihe sctual tremsfer fecior vg. @ oonstard
frictien My i dstaminsd in & pealiminary esamination
duting @ parod of cormlant ipesd

The sxcitstion al (ke esimation cycle i aboud 15 dap -
putn of matar rpesd. The cormespanding massured signal af
the work spindie speed wy 01 and b firl derivelive ame
shown in Fig. T for four siep mpub

g [I7me]

Fig T Weeie apirdls spssd usll) and Sl darivalive wgld

The process tignals wy Tl snd well) vwere easured with
m sampling tete ol Te-000 sec and ihen Glissed by a
sinie-variable fibes of 5 arder described in wection 3
Somme estimated  phyncal coefficierty are shown in Fig. @
up o Fig. 2 Foro thess soaminstiors Eg (250 s desiveted
i The amquésr position oy (1] can mod e messared 8t Ehi
fise clum 2 & sansar imahiliy,
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Fig 13 Armature resnlance R

The paramesbess are in & pood scoodsnce W the oxrecl
pirysical valuss of the machine.

83 Paubl disgrosls

Flant sendin of ha laull Sagrnoss of ba main ditve ae

shown in Fig [ up & Fig 5 This remlh are bmed on

& mrmuistion af the modsl Eg. (G0L The state wansbies are

umed an tnpul and putpul signals dor Ehe parameter ori-

matioh. The sbmidelices ‘wete cartied ol wnder  dillesani

oondtiore

1 fafarence wimnlaton (with calculaimd parsmeten ),
Somnulation with noromsd arrafure TOREENCo,

3 Birnidiatiors. with incressed moduls ol elssticity of
tha balt drive and

d Sirailalbeng wilbey! (niisl leraksn al e ball diove

The sfgrabed proces paiamalen o poccen  cosfficient
foprmann! Dmatures of the proces. Theit changes B som:
patien fo the rommal bebavicur may be wed o fauld
sympsoms. The knowlsdge-based lsull diagnssin, whish i
rvl especially iresisd in this peper. |s designed & imder-
pieda 19ds symplorns, sed Deseenare, et sl S0S Fresesrmuth
ard Meusaps 100, Slenilad axpaeimardsl researches  asa
done in the [eld of robob ses Freyermuilh 17
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tizsa | sac
PFig. 13 Estimated pacarmaier |/85



aRar]

3 2 urs [eaa] 3 ']

Fig. 14 Esmated paamein o) Bg and B) 6,

Fig 13 shews the inveried paramedet By which tepre-
wrdi the asrmalute fessisnce. Tho padamaier only chingmes
in case ol simidstisr-condifon 1. The otbee simuisted ds-
lures doss not depend on Bg ) ol ihe de modor. Fig. 4
shown ihe edimaied parsmeter By Thete are change in
cases of tha mirealaton cordlfons 3 end 4 Thea elfect can
fn mipiaired locking & the jecuced model The charasie-
rislic cecillalion depmnda on the slmdicity of ke bell drivae
The patamedsr B e Fig 4o, demonsiele the seme
eiffec. Changes dependy directly an chargm of the spnng
factoe o Tasble 1 shown exemples of the nympioms of
ffarand lailure nwies, depending e changes of the sab-
mated paramatess,
Sirmulatizn B3
canditien: I = & -
3 a - =

4 = -] +

Tabls ¥ Symploes for faull Sagresl (- decrams, - |Fem
asw. B omabasll

Ao | sdgermant

This paper presecty resulls of & =ompound  ressmich  po-
jct which @ sporsered by e "GZerman Bundesminisieri-
um s Fanekung und Technologis (BMFTY, in tba fald of
the promet “Faclipmgsechrik (PFTT with the  proect
nigmber OIFT46028, mareged by the “Kesnlopchungizsn-
trum Farisnaha™

Corchmion

The modslling of the main drive of & malling mackine was
dincibad. & iclused model, appliabie for daslifostion of
tha phyalcel sselliclenly wis given. A lsasl squates pars-
malsr milimalion mefhed war ihown fo calkclilabe  softe
coelficiants. Experimenisl msulll on s machining ceoisr
MAHD MCS show sare mhmaled focess coallichenti.
Simulsticra show the fimem of the method for fmilt diag-
Facsiid
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