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1 UvVoD 1 INTRODUCTION
Montézna linka elektromotorov zahffia vo Assembly line of electro motors implies in
svojich zavere¢nych operaciach laserovi your final phase laser inspection stations
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meraciu stanicu (LMS). PretoZe cyklovy
Cas laserového merania je zhruba
dvojnasobny oproti montaZnemu kroku na
dopravniku je v mieste pred meranim tok
dopravnika rozdeleny na dve meracie
stanoviskd. Kazdé z tychto pracovisk je

(LIS). Because cycle time of laser
inspection is approximately 2x longer like
cycle time of assembly step is line divided
to 2 inspection stations. Every of these
stations are intended for modal analyses of
completed products. The basic scheme of

uréené pre modalnu analyzu line and stations composition is present in
zmontovanych  produktov.  Zakladna Fig. 1.
schéma je uvedena na Obr. 1.
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Obr. 1 Schéma montazneho toku a pozicie laserovych meracich stanic v ramei montdzZnej

linky

Fig. 1 Scheme of product flow and position of Laser Inspection Stations in Assembly Line

Vyrobok — elektromotor — je umiestneny
na technologickej palete zobrazenej na
Obr. 2, ktord sa vyuziva na celej dlzke
montaznej linky. Dopravnik a aj tieto
palety st navrhnuté pre univerzélne
ustavovanie celej Skaly vyrabanych typov
elektromotorov. Zakladny rozdiel medzi
tymito typmi vyrobkov je vyska zvizku
statora H (Obr. 3). Linka sliZi pre montaz
12 typov elektromotorov rozdielnych
hlavne prostrednictvo parametra H.

Products — electro motors - are placed at
technological pallet viewed in Fig. 2 which
are used in whole length of assembly line.
The line and also pallets are designed for
universal positioning of whole range of
production types. Basic differences of final
products — electro motors — are in height of
stator packet H (Fig. 3). At assembly line
are putting on at need 12 types motors
according to parameter H.

Obr. 2 Technologicka paleta pre dopravovanie elektromotora prostrednictvom dopravnika
Fig. 2 Technological pallet for carrier of electro motors at conveyor
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Vsetky typy vyrobkov st testované
prostrednictvom  LMS v zdvihnutej
skenovacej polohe zaostren¢ho laserového
li¢a prostrednictvom zdvihaca (Obr. 4). V
tejto polohe motor bezi v jeho pracovnych
otackach a skenovacie zariadenie s
laserovym li¢om vyhodnocuje chyby
prostrednictvom frekvenénej analyzy.

All types of products must be tested in LIS
in raised scanning position of focused laser
beam by help elevator (Fig. 4). In this
position is motor running in his working
idle engine speed and laser beam scanning
equipment is appreciating mistakes by help
of frequency analysis.

Legenda: EM — elektromotor, H — vyska statorového zviizku, TP — technologicka paleta
Legend: EM — electro motor, H - height of stator packet, TP — technological pallet

Obr. 3 Schéma elektromotora umiestneného na technologickej palete
Fig. 3 Scheme of electro motor at technological pallet

g
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Legenda: EM — elektromotor, H — vy3ka statorového zvizku, TP - technologicka paleta, E — zdviha¢ do
skenovacej polohy, 1.PLS — prvy bod laserového skenovania, 2.PLS — druhy bod laserového skenovania
Legend: EM — electro motor, H - height of stator packet, TP — technological pallet, E — elevator to scanning
position, 1.PLS - first point of laser scanning, 2.PLS — second point of laser scanning

Obr. 4 Zdvihnutda poloha elektromotora pocas laserového skenovania
Fig. 4 Raised position of electro motor in time of laser scanning
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Zakladny obcasne sa vyskytujici problém
pri zdvihani do polohy laserového
skenovania je preklopenie motora a
zablokovanie funkcii LMS. Této situacia
vyzaduje zakrok persondlu (Obr. 5).

Ground problem scarce at time of elevation
for laser inspection position is overturning
of electro motor and blocking functions of
LIS. This event required intervention of
service personnel (Fig. 5).

Legenda: TP — technologicka paleta, E — zdviha¢ do skenovacej polohy
Legend: TP — technological pallet, E — elevator to scanning position

Obr. 5 Preklopenie elektromotora pocas zdvihania do inspekcnej polohy
Fig. 5 Overturning of electro motor occurred at time elevation to inspection position

Dalsim  problémom je rozdiel v
dosiahnutych  vysledkov  dosiahnutych
prostrednictvom LMS a zariadenim mimo
linku.

2  ANALYZY PROBLEMOV

Oba problémy vykazované v LMS su
spojené s konstrukénymi charakteristikami
stanoviska — prvy vo vztahu k upinaniu
motora a druhy vo vztahu k mechanickej
Struktiire stanoviska.

Dal§i navrhnuty krok bola vibraéna
analyza  dopravnika a  stanoviska.
Zékladnym cielom analyz bolo postdit
Groveil vibracii a ur¢it dominantné
frekvencné zlozky.
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Additional problem is difference of
vibration analyses performed in LIS and
outside of assembly line.

2 ANALYSES OF PROBLEMS

It turned out both problems indicated in
LIS are joined with design of stations —
first one in relation to fixing motors and
second one in relation to frame of stations.
Next suggested step was vibration analysis
of conveyor and stations. The basic target
of analysis were examination vibration
level and locate dominate spectral peaks.
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Meranie bolo vykonané v stilade s normou
ISO 10816. Vibracie nosného ramu boli
zistované v dvoch smeroch:
* Horizontalnom (kolmo k smeru
pohybu dopravnika))
=  Vertikdlnom (v smere osi
laserového laca)

Merania sa vykonavali v dvoch rezimoch:

= Pocas behu motora LMS
= Pocas odstavenia linky (bez behu
motora a pohybu dopravnika)
Pre testovanie vibracii boli pouzité
zariadenia:
= Frekvenény analyzéator Microlog
CMVASS
= Softvér Prism2
* Snimac - akcelerometer typu WR
797 (frekvenény rozsah 1,6-16 000
Hz, citlivost’ 100 mV/g)

Pouzité meracie metody:

* Rychlostmm/s RMS, 2 — 800 Hz

s Zrychlenieg PtP, 2 — 800 Hz

= Zrychlenieg PtP, 2 — 16 000 Hz

* ObalkaZrychlEg Pt,2 — 1 600 Hz,
frekvencné pasmo 0,5 — 10 kHz

Vysledky vibragnych analyz st

uvedené v Tab. 1.

Measurement of the vibration was carried
out according to ISO 10816. Vibrations of
station frames were detected in two
directions:
* Horizontally (perpendicular to
conveyor movement )
= Vertically (in direction of laser

beam axis)

Two modes of measurement were used:

* In time of running of tested motor
in LIS

* In time of rest phase in LIS (no
running motor, no movements of
components of LIS)

For vibration testing were used:

* Frequency analyser Microlog
CMVASS

= Software Prism2

= Sensor — accelerometer WR 797
(transmission bandwith1,6-16 000
Hz, sensitivity 100 mV/g)

Applied measurement methods:

*  Velocitymm/s RMS, 2 — 800 Hz

* Accelerationg PtP, 2 — 800 Hz

= Accelerationg PtP, 2 — 16 000 Hz

= EnvAccEg Pt,2 - 1 600 Hz,
frequency band 0,5 — 10 kHz

Results of vibration analyses are displayed
in Tab. 1.
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Tab. 1 Vysledky pociatocnych vibracnych analyz
Tab. 1 Results of start vibration analyses

Horizontilne Vertikilne
Horizontally Vertically
Beziaci motor Odstavena LMS Beziaci motor Odstavena LMS
Running motor Rest of LIS Running motor Rest of LIS
Rychlost’
bt 2,630 0,080 0,310 0,026
Up 0,8 kHz
Zrychlenie
Acceleration 0,220 0,002 0,050 0,001
Up 0,8 kHz
Zrychlenie
Asocleration 0.270 0,001 0,040 0,001
Up 16 kHz
ObilkaZrychl
TavAsc 0,013 0,004 0,021 0,004
Up 1,6 kHz
Komentar Dominantna vibracia | Vibracia cca 100x | Dominantna vibracia | Velmi nizka urovern
Coment na frekvencii 100Hz | niz§ia ako  pri | na frekvencii 100Hz, | amplitad

Dominant  vibration
at frequency 100Hz

beziacom motore

Vibration cca 100x
lower like at
running motor

8x mengia amplitiida
ako pri
horizontalnom smere

Dominant vibration at
frequency 100Hz,

8x lower amplitude
like at horizontally
direction

Very low layer of
amplitudes

Na zaklade vysledkov je mozné uviest’ [1]:

= ZvySené hodnoty vibricii na

nosnom rame LMS poc¢as behu

motora

= NajvysSie hodnoty amplitady na

frekvencii 100Hz v horizontalnom

smere

= (Ciastony prenos otackovej

frekvencie elektromotora na nosny

ram

» Frekvencie nad 1000 Hz st vyrazne

utlmené

From results is possible say [1]:

Increasing values of vibration at

station frame measuring at motor

during motor running

Highest amplitude values at

frequency 100 Hz in horizontally

direction

Particularly transmission of

frequency of motor rotational speed

Frequencies up 1000 Hz are

markedly damped

Recommendation according to results:
Dominant vibration 100Hz has

Odporucenia na zaklade vysledkov analyz:
* Dominantna vibracia 100Hz s

harmonickymi nasobkami s
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harmonics multiples with low

amplitudes show to steps:
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nizkymi amplitidami poukazuji na
potrebu vykonania jedného z krokov:
oVystuzenie ramu LMS
oPreladenie vlastnej frekvencie
ramu
Pozadovana {roven zniZenia drovne
amplitud pod hodnotu 1 mm /s.

3 NAVRHY ZNIZENIA
POPISANYCH PROBLEMOV

Na zaklade odportcani z vysledkov
vibra¢nych analyz bola zvolend metoda
vystuZzenia ramu LMS. Pretoze pdévodny
ram bol zhotoveny z moduldrnych casti,
pre rekonstrukciu s pouzili nové originalne
rebrd a vystuze vyrobcu

Zmena konstrukcie bola tiez orientovana
pre najdenie lepSich vysledkov zdvihu 12
typov  motorov bez nebezpelenstva
preklopenia a generovania ndzovych
zastaveni LMS.

V po¢iatoénom kroku tejto tlohy boli

vytvorené 3 varianty lepSieho upnutia

pocas zdvihu a laserového skenovania

(Obr. 6).

a)

oStrengthening of station frame
oRetune of station frame
natural frequency

Required layer of amplitude depression is
under value 1 mm per sec.

3 PROPOSITIONS OF REDUCTION
DESCRIBE PROBLEMS

According to vibration  analyses
recommendation was selected method of
station frame strengthening. Because the
original frame was build from module part,
for redesign was use new ribs and beams
from the same producer.

Redesign was also oriented to finding out
better results of elevation of 12 types
motors without overturning and generating
emergency stops at LIS.

In start step of this task were prepared 3
variations of better motor positioning at
time elevation and laser scanning (Fig. 6).

©)

Obr. 6 Navrhy variovania vhodnejsieho upnutia pocas zdvihu a laserového skenovania
Fig. 6 Proposals of variations of better motor positioning at time elevation and laser
scanning
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Z tychto variacii bola ako prva vylicena
alternativa b) pretoze vyzaduje vyrazny
pohyb v smere kolmom na os motora, ale
technologicka paleta nemdze byt upravena
na takyto stav. Pre alternativu a) je
potrebné pouzit pohony pracujice pod
technologickou paletou v nevyhovujicich
smeroch. Ako najvhodnejSia alternativa
bola zvolena c), pretoze horny pridrziavac
moZze pracovat za pomoci velmi
jednoduchého pohonu a jeho riadenia.
Koneéna podoba zdvihacieho mechanizmu
v oboch krajnych polohéach je uvedend na
Obr. 7.

From these variations was like first
eliminate alternative b) because is required
stream perpendicular to axis of motor, but
technological pallet cannot be modified to
this stay. For alternative a) is necessary
spending drives working under
technological pallet in disadvantageous
directions. Like best alternative was
chosen c¢), because upper blankholder can
work by help very simple drive and his
control.

Final status of elevation mechanism, by
both marginal positions is in Fig. 7.

Obr. 7 Modifikovana laserova meracia stanica
Fig. 7 Modified Laser Inspection Station

4 ZAVER

Po prepracovani konstrukcie a fyzickom
prepracovani LMS boli vykonané testy:
* Spolahlivost’ polohovania motora
pre laserové skenovanie
* Meranie vibraénych charakteristik
ramu LMS

Pocas testovania polohovania motora pre
laserové skenovanie bola preukézana
100% spol'ahlivost’ tejto operacie pocas
plného zat'azenia dopravnika.
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4 CONCLUSION

After redesign and reworking LIS were
carried out tests:
= Reliability of motor positioning for
laser scanning
» Measurement of frame vibration
characteristics

During testing of motor positioning for
laser scanning has shown 100% reliability
of this operation in full activity of line.
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Tiez bola vykonana vibraéné analyza
prostrednictvom tej istej metodiky akou sa
vykondvali Gvodné analyzy a porovnanie
vysledkov vstupnych a vystupnych
vysledkov pocas behu motora je uvedené
v Tab. 2.

Also were done vibration analysis by help
methodics like in start analysis. Result of
final vibration analysis and comparison
with results of start analyses for running
motor are shown in Tab. 2.

Tab. 2 Vysledky vystupnych merani vibracnych charakteristik a porovnanie so vstupnymi

vsledkami pocas behu motora

Tab. 2 Results of final vibration analyses and comparison with results of start analyses for

running motor

Horizontalne Vertikalne
Horizontally Vertically
Vstupna anal. Vystupna anal. Vstupna anal. Vystupna anal.
Start Anal. Final Anal. Start Anal. Final Anal.
Rychlost’
Velocity 2,630 1,600 0,310 0,220
Up 0,8 kHz
Zrychlenie
Acceleration 0,220 0,024 0,050 0,060
Up 0,8 kHz
Zrychlenie
Acceleration 0,270 0,150 0,040 0,020
Up 16 kHz
ObalkaZrychl
EnvAcc 0,013 0,060 0,021 0,040
Up 1,6 kHz

Pocas odstavenia linky sa vykonala rézova
skuska nosného ramu za Ucelom zistenia
frekventnej odozvy mechanickej sustavy
ramu. Vlastnd frekvencia ramu sa urcia
v okoli dvoch dominantnych frekvencii —
25 Hz and 85 Hz.

Z vysledkov vietkych testov vykonanych
ne rekonStruovanej LMS je mozné uviest’

[2]:

* Vibricie na rame vyrazne poklesli

* Vlastna frekvencia ramu je v okoli
frekvencii — 25 Hz a 85 Hz

* Dynamické budenie na frekvencii
100 Hz je mimo rezonanéne;j
oblasti

* Nad frekvenciou 200 Hz sa
nevyskytuju vysoké vibracie

zodpovedajuce ramu LMS.
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In time of stopped line was performed
impact test of LIS frame. Goal of this test
was find out frequency response of
mechanical constitution of frame. Natural
frequency was founded in area of two
dominant frequencies — 25 Hz and 85 Hz.
From results of all testes on redesigned LIS
in comparison with his initial status is
possible say [2]:
* Vibrations are markedly lower
* Natural frequency of frame is at
frequencies — 25 Hz and 85 Hz
* Dynamic driving at frequency 100
Hz is out of resonance range
* Above frequency 200 Hz are not
occurs a high vibration

corresponding to frame.
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Rekonstrukcia  laserového  meracieho Redesign of Laser Inspection Station in
stanoviska bola GspeSnda a  vysSou assembly line was successful and
spol'ahlivost'ou sa jeho produkcia zvysila. productivity of stations was increasing.

Recenzia/Review: doc. Ing. Vieroslav Molndr, PhD.
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