* Spannzustandssignal

» Gebersignale

WEISS Spindeltechnologie GmbH — A Siemens Company

DIGIFIZER) SEINEIEE

WEISS Spindeltechnologie GmbH — A Siemens Company intern www.weissgmbh.com | Folie-Nr. 1



MACHINE TOOL SPINDLE oMb
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DIGITALISIERTE SPINDEL — SM 124 o oMo s o

Signal conversion
analogue to digital
directly at the spindle.
—> Drive Cliq

* Analogue interface for the
transmission of

* Encoder Signal
« Toll clamping status
* Motor temperature

SMI 24
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SPINDLE SENSOR MODULE SMi24 - DIGITIZED SPINDLE SPINDLE \IK/I\E/ 155

SINAMICS - SINUMERIK — ONE SYSTEM s M B
Reduction of hardware like Saving space and weight in electric cabinet and
SMC / TME / I/0O module / cable in cable drag chain and reducce commission time.
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With SMI24 some electronic parts are not necessary in the cabinet
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SPINDLE SENSOR MODULE SMi24 - DIGITIZED SPINDLE SPINDLE \A</5 155
SINAMICS -SINUMERIK — ONE SYSTEM e

Usability for 840D sl SW 4.5 SP3 Less installation time and easy start up for
and for 828D SW4.7 SP1 spindles with SMI24.

opologie DP3.5LAVE3:.CU_I_3.3:1(1)
uvon

obje -Nr.  Komponente -Nr.  Buchse Buchse  -Nr onente

1 Control_Unit_1 1 X188 - X0 | 2 Line_Module_2

X1e1 | --- X8 | 3 Motor_Module_3

3 | Molor_Module 3 | 3 = X281 -—- X508 | 4 SM_4

X282 | --- | Xo@ ] Motor_Module_B

P01  -—- | P01 18 Motor_18

¥ 3 SM_4 4 AN1  -— ANt 5 Encoder_5

SERUO_3.3:4 4 ‘ Motor_Module_6 ‘ ] ‘ X202 ‘---‘ X508 ‘ 7 ‘ SMI4_7

PO1 | -—-  PO1 9 Motor_SMI_9

von: CU_1_3.3:1.Control_Unit_1(1)

nach:  ALM_3.3:2.Line_Module_22)
optionen

Konfigura= n
¥ian LGS PROFIBUS

SMI24 makes the commissioning of spindles so easy like motors with DQ
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SPINDLE SENSOR MODULE SMi24 - DIGITIZED SPINDLE SPINDLE \A</5 155
SINAMICS -SINUMERIK — ONE SYSTEM

Digital signal transfer between spindle and Most fast signal transfer. Assured reduction for
SINAMICS and SINUMERIK. chip to chip time up to 50 micron seconds.

® ohne SMI24 m mit SMI24
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Chip to chip time [sec]

N
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o
o

SMI24 improves productivity because of top signal transfer time
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DIGITIZED SPINDLE
INTEGRATED SPINDLE MONITOR ISM

Integrated Spindle Monitor ISM

Additional information about spindle data

gives a feedback refer to spindle condition.

14 . 17

0 _ 57

Jrehzahl ) Drehmoment 51

Eetrigkeztunden 16 hi BOBRIFPDRT EI

N | ¢
Spindeldiagnose 51 A REF.POINT| QA m
Dateniibersicht Spannsystem Statistik 51 JOG

emperaturen S1

Betriebsstunden Statistikdaten
® Spindel unter Regelung Anzahl korrekter Spannzyklen . Ist
e Spindel unter Drehzahl Signal °c]
* Gesamt i Spannzeit (chne Werkzeug) .
Anzahl Spannzyklen (Werkzeugwechsel) * Innerhalb Toleranz Eg::n:::peratur
* AuBerhalb Toleranz —— 27.8
Motortemperatur * Uorgabe gltl_:!tartemperatur
REh Spannzustand (Sensor 1) « Aktuell 2inrng
Kolben frei (Sensor 4) Ubertemperaturschutz |
I Gespannt (ohne Werkzeug) Ir.';'gizir"temperatur
Maximaldrehzahl * Drehzahlverletzungen Wamnung
* Drehzahlschwelle = 26.4
00 h_agertemperatur
TED 11k Spann-/Losevorgange fehlerhaft (gesamt) Sltrilitrirr'ug
[
— .
Crrehzahl [14 min]
% PB/PN- Spindel
== diag. diag. =, PB/PN- Spindel
== diag. diag. = PB/PN- Spindel
Screenshots from the development environment diag,

BOBRSFP DT

8080 4 E:a Es wurde(n) 4 Option{en) gesetzt und

Grenzwert
[°C]

120

150

155

65

Dauer Uber—

schreitung
[h] Anzahl korrekter Spannzyklen

—Talx|
_imixil

RBOBIF DAY

e
AX1:S REF.POINT|
Spannsystem Statistik 51

AX1:5P1 DP3.SLAV
Statistikdaten W

Spannzeit (chne Werkzeug)
g * Innerhalb Toleranz
iz ® AuBerhalb Toleranz

* Uorgabe

* Aktuell

12

Gespannt (ohne Werkzeug)
* Drehzahlverletzungen
* Drehzahlschwelle

Spann-/Lasevorgange fehlerhaft (gesamt)

3 PB/PN- Spindel
=== diag. diag.

Option integrated spindle monitor ISM for more spindle diagnostic.
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DIGITIZED SPINDLE EISS
CONNECTION WITH AN OPEN IT OPERATING SYSTEM c

Feature / Function

o: o Dashboard displays the information on the Time-efficient access to required information in
g ; s | [ o master data of the connected main spindle case of maintenance or service
<. Statistics for operating points: Information on possible power reserves and
L i speed / torque / temperature suitability of the design
Statistics on tool clamping times Evaluation of the clamping times in comparison

to the reference value

Statistics on the clamping condition Detection of wear of the clamping system
through change of the clamping times

Selection and comparison of statistical data at Recognition of changes in use
T ; different points in time
Export of saved data in a standard CSV format Management and monitoring of globally
e Vooo. ) = distributed machine parks
‘ | : New service methods and business models

Further Information: https://documentation.mindsphere.io/resources/html/manage-my-machine/de-DE/index.html
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https://www.plm.automation.siemens.com/global/en/products/manufacturing-operations-center/
https://documentation.mindsphere.io/resources/html/manage-my-machine/de-DE/index.html

DIGITIZED SPINDLE EISS
LEAD FOR MORE PRODUCTIVITY e e e

Simply installation and Data record for preventive .
) : Stateful maintenance :
robust operation maintenance \\ \r\StaHat,’O
& 3,
A\
[ I o) ‘Obust opera% OO,
* Digital signal transfer * Condition Monitoring » Operating hours counter 2
* Robust opposite EMV * Data record on internal « Counter of clamping cycles Digitized
disturbances data server * Digital identification Z)\ spindle O
* Transferring the motor * Analysis of the data * Recording of temperature o~ LO 3
drive parameters * Detection of trends and * Analysis of clamping times of the 9 g
automated Overshoots of tool clamp system "'(.B’ c
* Integrated processing of temperature limits * Supervision of the tool clamping "a’) 9_
analogous tool clamping * Reference to critical process !6_ "a'
status operating states ()
 Speed and torque 9\ o
9 o

||||||||

AX4:SP1 DP3.SLAUF3-SFRUO_3.3:2 (2

Gelost 8.58
Gezpannt mit Uerkzeug 1.58 5.00 21808
Gezpannt ohne Uerkzeug 0.88

of rei
aaaaaaaa
nnnnnnn

[t : mal htenance

Operation hour [h]

Bild 8: Spannsystem
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INTERPRETATION OF OPERATION DATA

o W '\nstallat,-o
? to S
S &0‘0“5 Perg, /6000’
Digitized

spindle

Maintenance

The following slides shows exemplary possible interpretations of operation data
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SPINDLE WEAR PARTS AND POSSIBLE SPINDLE FAULTS o mov o

Analysis

= QOperation times in reference

= Motor damage
to Speed and torque ranges Condensation &

\
= (Clamping times ="
=  Number clamping cycles i o
= Trend analysis of motor and - i

bearing temperature
= Temperature overshoots

=
k- g
R E—
2 ™ 1 /
) —
\ -
{ t
o
i

can point out an existing process V‘/
of an spindle failure or can give
important information during a
diagnostic of the causes of failure

after a spindle fault.

Fault rotary union and
consequential
damages

Broken spring of Fault bearing rear site
clamping unit
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1SS
EXEMPLARY EVALUATION OF THE DATA OF THE DIGITIZED SPINDLE. \IK/\/
EXECUTED BY THE CUSTOMER OR DURING SERVICE AT WEISS s

Spindle Typ: 175442L Time data export: 20161011, 14:00 Trend analysis clamping time
Serial No.: 168 800 o
Reference clamping time
Production date: 27.03.2013 < o
= 600 Minimum: 46,808 ms
H () —
peEiien e £ 400 £ Average: 50,594 ms
Operation hour under control: 5020 h 36 min * = . :
: . c 200 o Maximum: 71,875 ms
Operation hour under speed: 5010 h 22 min .g =
© _
Number clamping cycles: 902520 E‘_ 0 2 Last 24 hours: ~ 52.112 ms
Number fault clamping cycles: 65 © 4000 gpop T Last 10 days: 50.715 ms
16000
Speed [min-1] 18000 Last 100 days:  50.502 ms
oC
Bearing temperature
20 . — . " "
30 ’.——-—'—"'__ v v v v —0 ry
20
10
0
Last overshoot fault 20151123:08:42 20151123:08:42 20151123:08:42 20161011:08:05 20161011:08:05 20161011:08:05 20161011:08:05 20161011:08:05 20161011:08:05
temperature
[yy.mm.dd.hh.mm]
Last overshoot warning 20151123:08:30 20151123:08:30 20151123:08:30 20161011:08:05 20161011:08:05 20161011:08:05 20161011:08:05 20161011:08:05 20161011:08:05
temperature
[yy.mm.dd.hh.mm]
Datarecord [hh:mm] 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00

Detection of events or changes of spindle condition
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1SS
EXEMPLARY EVALUATION OF THE DATA OF THE DIGITIZED SPINDLE. \IK/\/
EXECUTED DURING SERVICE AT WEISS T

The analysis of torque (forces), speed, temperatures and operation time on the bearings influences the life
time of the bearings and makes an estimate of the rest life time and therefore an maintenance planning

possible.
Spindle operation data Life time model
A

o , d
S Operation load model JE] T2 - <
“ E III \\\ -O Tl m
L d 8 ,’l \*~*/*-* N (._O5 nl, Fl n21 Fl nn1 Fl g
o ey M c c
. o
E = Spindle model & = | T2 |8
c Time/date S S \ny, Fyln, Fylng, Fol ©
) oo . )
= o £ T2
: S LS
Q) A— A— ~— \
— ST Ny, F Ny, Fo[nn, F S

S P A\ Bearing lifetime bz mp e m
I-«O‘o\ calculation model
> Accumulated
----------------------------------------------- Rest life time Zf(n, FT)-t

Rest bearing life time

25% 50% 75% 100%
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EXEMPLARY EVALUATION OF THE DATA OF THE DIGITIZED SPINDLE.
EXECUTED BY THE CUSTOMER OR DURING SERVICE AT WEISS

Ubersicht ||Matrix | Spannzustandsabfrage | Temperaturen | Ergebnisdaten tabellarisch | tabellarisch |

EISS

B H

Motorkennlinie
= Laufzeitanteile in % von der Gesamtlaufzeit Laufzeitanteile in % von der Gesamtlaufzeit — Leistung max. kW T Leistung S6-25% kw
Anzahl [ == == Drehmoment max. Nm == = Drehmoment $6-25% Nm
Drehzahlschwelle 1 10 1/min F N I
Drehzahischwelle 2 10000 1/imin /3
Drehzahlschwelle 3 20000 1/min
Drehzahlschwelle 4 30000 1/min //
Drehzahlschwele 5 35000 1/imin / N =
Drehzahlschwelle 6 40000 1/min B hES F
Y ~ 13
~
Drehmomentschwellen ~
Anzahl [ / / R -
Drehmomentschwelle 1 0 Nm . // / ~ / T =
Drehmomentschwelle 2 2 Nm . /4/ [ \
Drehmomentschwelle 3 3 Nm
Drehmomentschwelle 4 4 Nm
Drehmomerntschwelle 5 S5 a0+ S N e, CofNm = = NSy " Drehzahl [rpm]
Drehmomentschwelle & 8 Nm
Laufzeiten
Gesamtlaufzeit 107.07:47:22 dd hh:mm:ss

Zeit mit Beschleunigung > 14 1/52 09:295:42 dd hh:mm

B

Matrifeld 1 dd hh:mm

88

Matrodeld 2 dd hh:mm:ss

Matrodeld 3 dd hh:mm:ss

Matrodfeld 4 dd hh:mm:ss

Matrideld 5 ddhhmmss Rotation ¥ Skalierung
Matrdeld & dd hhmm:ss REEERE

Matrodeld 7 dd hh:mm:ss -

Mainly operation at high speed = Possible damage process at the grease lubricated bearings
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1SS
EXEMPLARY EVALUATION OF THE DATA OF THE DIGITIZED SPINDLE. \A</\/
EXECUTED BY THE CUSTOMER OR DURING SERVICE AT WEISS s

Ubersicht | Matrix | Spannzustandsabirage || Temperaturen |Egbsdt tabellarisch |

It can come to a fast ageing (bleeding) of the lubricating grease due to _emt - — =
emp
high temperatures at the bearing. In turn this can lead to a deficient Arzzhl Grenzwettveretzungen 0
|Ubricat|0n Of the beal’lngs. Zeitdauer Grenzwertveretzungen 00:00:00 dd hh:mm:ss
Zeitstempel letztes Ereignis
150
" Warmung
Possible necessary to doe’s: Termmisnate 150 C
» Changes at the processing process (cut strengths etc.) - 2
Zeitdauer Grenzwertveretzungen 00:06:21 dd hh:mm:ss
> Optimization of the tools e 05.02.2016 16:25:14
» Optimization of the spindle used (e.g. store cooling.) .
Motortemperatur - Storung .,G‘
> .. Temperaturschwele 160 T j i
Anzahl Grenzwertverletzungen 0 L
Zeitdauer Grenzwertveretzungen 00:00:00 dd hh:mm:ss 1 g
Zeitstempel letztes Ereignis =
Anzahl 62
| vom - W; Dauer 01:41:16
Temperaturschwele 60 C
Anzahl Grenzwertverletzungen 62 50
Zeitdauer Grenzwertveretzungen 01:41:16 dd hh:mm:ss
Zeitstempel letztes Ereignis 22012017 10:30:07
Lagertemperatur vom - Storung
Temperaturschwele 70 C
Anzahl Grenzwertverletzungen 3
Zeitdauer Grenzwertveretzungen 00:06:01 dd hh:mm:ss (il
Zeitstempel letztes Ereigris 22.01.2017 10:49:17 Motortemperatur  Lagertemperatur vorn

Violations of the temperature warning limit = possible failure process at the bearing
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EXEMPLARY EVALUATION OF THE DATA OF THE DIGITIZED SPINDLE.
EXECUTED BY THE CUSTOMER OR DURING SERVICE AT WEISS s mob

Ubersicht | Matrix ||Spannzus1andsabﬁage | Temperaturen | Ergebnisdaten tabellarisch |
Spannerdiagnose &

During a tool change the clamping time is found out. A increase giltige Spannzyklen 847514 Spannzeiten
f h | o o 9 h I g fehlerhafte Spann-/Lasevorgange 174
of the clamping time can point to a wear at the clamping renativeretaungen Gespannt e Wetkaeug .
system. For a better detection of a clamping time increase the Spannvorgange inerhialb Toleranz hne Werkzeug) 841543 3313046
. . Spannvorgange aulerhalb Toleranz (ohne Werddzeug) 5565
average clamping time of the former 24 hours, former 10 days e 0
and former 100 days will be analyzed.
Grenzwerte
Maximalzeit zum Spannen 180000 p=
Drehzahigrenze Geldst 1 1/min 281304.6
Drehzahlgrenze Spannend 0 1/min e
Drehzahlgrenze Losend aus Zustand Gespannt mit Werkzeug' 0 1/min
Drehzahlgrenze Losend aus Zustand Gespannt ohne Werkzeug® 0 1/min
Drehzahlgrenze Gespannt mit Werkzeug 44000 1/min E
Drehzahlgrenze Spannend ohne Werczeug 0 1/min E
Drehzahlgrenze Gespannt chne Werkzeug 1000 1/min 231304.6
Referenzspannzeiten
Minimahwert 145854 1=
Maxdmalwert 170811 ps
Mittetwert 157544 s 1813046
B Spannzeiten M
Mittetwert bei Betrish (24 h) 314720 ps
Mittewert bei Betrieb (10 Tage) 160938 s
Mittewert bei Betrieb (100 Tage) 159938 s
P R Referenz lefzte 100 Tage letzte 10 Tage  letzte 24h
en
Minimahwert 0 s -

Fast increase of clamping time = broken spring of the clamping system
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1SS
EXEMPLARY EVALUATION OF THE DATA OF THE DIGITIZED SPINDLE. \IK/\/
EXECUTED BY THE CUSTOMER OR DURING SERVICE AT WEISS

Ubersicht | Matrix ||Spannzus1andsabﬁage | Temperaturen | Ergebnisdaten tabellarisch |
EETT N0

A tool clamping system contains a spring column, whose spring load keeps
the tool in the tool interface of the spindle shaft. The spring column is
executed for a defined number of clamping cycles and wears out about the
number of clamping cycles.

The digitalized spindle evaluates the used clamping time of each clamping
cycle. At a loss of the spring load or of an increase of friction this time will
change.

For a better detection of a clamping time increase the average clamping
time of the former 24 hours, former 10 days and former 100 days will be
analysed.

m

gultige Spannzyklen 1578940
fehlerhafte Spann-/Lasevorgange 243
Drehzahlveretzungen (gespannt) ohne Werkzeug 0
Spannvorgange innerhalb Toleranz {ohne Werkzeug) 1573469
Spannvorgange auberhalb Toleranz {ohne Werczeug) 547

gultige Spannvorgange {mit Werkzeug) 1347810
Grenzwerte

Maxdmalzeit zum Spannen 210000 1=
Drehzahlgrenze Gelost 1 1/min
Drehzahlgrenze Spannend 0 1/min
Drehzahlgrenze Losend aus Zustand 'Gespanrt mit Werkzeug® 0 1/min
Drehzahlgrenze Losend aus Zustand ‘Gespannt ohne Werkzeug' 0 1/min
Drehzahlgrenze Gespannit mit Werczeug 40000 1/min
Drehzahlgrenze Spannend ohne Werkzeug 0 1/min
Drehzahlgrenze Gespannt ohne Werzeug 1000 1/min
Referenzspannzeiten

Minimahwert 154811 s
Madmahwert 170280 =
Mittetwert 161841 s

B Spannzeiten

Mittelwert bei Betrieb (24 h) 248014 ps
Mittelwert bei Betrieb (10 Tage) 224810 ps
Mittelwert bei Betrieb (100 Tage) 180017 s
Referenzlosezeiten

Minimahwert 0 s

Zeit [us]

2533299

B H

Spannzeiten

2393239

2133299

1993299

Bereich Inbetriebnahmephase
Maximum (IBM) 170280 ps
Minimum (IBM) 154811 ps

letzte 10 Tage
letzte 100 Tage letzte 24h

Slowly increase of clamping time = damage process or wear of clamping system parts
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EXEMPLARY EVALUATION OF THE DATA OF THE DIGITIZED SPINDLE.

EISS
EXECUTED BY THE CUSTOMER OR DURING SERVICE AT WEISS c M

B H

Ubersicht ||Matrix | Spannzustandsabfrage | Temperaturen | Ergebnisdaten tabellarisch | tabellarisch |
ol Laufzeitanteile in % von der Gesamtlaufzeit Laufzeitanteile in % von der Gesamtlaufzeit Motorkennlinie
Anzahl 6 e L@iStung max. kW e L@iSEUNG $6-25% KW
Drehzahlschwelle 1 10 1/min = = Drehmoment max. Nm = = Drehmoment $6-25% Nm
Drehzahlschwelle 2 2500 1/min 120 \ 1000
Drehzahlschwelle 3 5000 1/min A 900
\
Drehzahlschwelle 4 7500 1./min 1% v \ 500
Drehzahlschwelle & 8750 1/min ( “ \ 200
Drehzahischwelle 6 10000 1/min E 13 80 N T
5 \ 600 Z
= \| E
Drehmomentschwellen e 16 g 0 TN ) /s 300 5
b} £
Anzahl 6 12 3 hﬂ\\/ N wo §
08 o8 40 x S e
Drehmomentschwelle 1 0 Nm k: . / N ~N N 300
Drehmomentschwelle 2 118 Nm 04 >705 Nm 17 M Sf~ :3 200
Drehmomentschwele 3 235 Nm © » R i s e L
Drehmomentschwelle 4 353 Nm =705 Nm £ b e S Sl D
= > 470 Nm = = 0 N
TErEEEE T B 0 i Z = T s E > 235 Nm 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Drehmomentschwelle 6 705 Nm 2 £ _ 7 osam & g E Drehzahl [rpm]
A g E » 735 Nm =] = £ > 118 Nm
= E A 2 = .
Lofeciton = > 118 Nm 2 2 g 0l Conclusions can be drawn about the load of
z I E
: = — ~ B = e >0 Nm ® 3 . .
Gesamlaufzet 858.14:27.27 ddhhamm:ss g E -z the spindle bearing and the thermal load of the
Zeit mit Beschleunigung > 14 1/52 09:29:42 dd hh:mm:ss o é —
g motor from the running time of the spindle
Matridfeld 1 dd hhmm: - ; :
s with respect to predefined speed ranges and
Matrideld 2 dd hh:mm:ss
Matrodeld 3 dd hhmm: z z . . . . torque ranges.
s Rotation X 160 2] Perspekiive 0 =Y Rotation X 185 2] Perspekiive 0 [ q g
Matrideld 4 dd hh:mm:ss

Matddd 5 poyea— RostionYladl ] Skleng 5 [ & 9 5

Matrodeld 7 dd hh:mm:ss -

Great load in the area to nominal speed = strong thermal use of the motor.
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