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Intelligent Condition Monitoring

» Condition-based maintenance requires human experts to interpret
complex interdependencies between measured sensor data and system
conditions

* Knowledge-based explanation of detected faults
to experts and non-experts

* Fast quantitative and qualitative reasoning on
sensor data for fault detection and diagnosis

Challenges

CM Automation

* Adaptation to different hydraulic systems
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iCM-Hydraulic

» Combines statistic and semantic technologies to detect and diagnose
probable faults with user understandable explanation

e TR omon ] oocin ] Sy o

Displays current status of the online monitored system. Select the hydraulic aggregate to be monitored.

Hydraulic System : | HS489@ZeMA ¥ Last Maintenance On : NA

System Information : Active Last Updated Status On : 26.03.2015 06:06:53 Condition : .

Pump Al accuBz74
[[155 ] pump1234 m
Defective
-[ Valve
e - e
valve7645
Internal Pump Leakage : onset (0.7 probability)
I
S|

Hydraulic Component : Internal Gear Pump
Last Maintenance - 12.08.2014
Operational State : active

Condition

Symptoms

L|_|L1_I

Level of static pressure after load : high

PS5 TS3 PS6 Level of static vibration in system : high

T54
@ q) ? ? COPS Level of static power of pump in working unit : high
N

Level of static flow in working unit : high

c1 =y Level of static efficiency of working unit : low
| cooler3542 | Diagnose
L L
Sch ic di: of hydraulic aggregate "HS489@ZeMA"

Information on probability and symptom states for Pump’s ‘Poor’ condition.
‘““Diagnose” details possible causes of fault and condition.

» Configuration: 2 hydraulic test benches, |7 sensors, | min working cycle
» Performance: 50k obs/min per bench (throughput)

Mobile client for monitorin . . .
hydraulic test benches g » Fast offline and online analysis
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Statistical Fault Classification

Concept of automated statistical analysis
Component fault detection
(Sensor fault detection and compensation)



Statistical Analysis Overview

‘ Raw data

Quantity of data

measurements/min

Feature extraction

sensor
section
feature

‘ Feature Pool

features

Feature selection

supervised
unsupervised

features per fault
type

Dimension reduction
& classification

LDA + kNN classifier
Artificial neural
network

Support Vector
Machines

74 condition functions
per component

classification

ZeMA PDET]

Fully automatable!
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Experimental Setup and Faults

» Hydraulic test bench ! ! !
110 90 Vi1 P3 TS2
Consists of working and il Vi B Y =
et : i =
cooling-filtration unit @E o ? JéL?
. I
Experimental fault T Jﬁ} 4]13‘ [[jé'
simulation of o S O o
components
® Hydraulic system |
y
Two test benches ot OBE = <chernatic
L wics % ith PS  FS flow, TS
for characterization = o @— VI T presS > oW
Fs2 temperature,VS vibration and
of component faults i i EPS electric power sensors

for long-term and

anstrsbiy I S W
analysis Cooling power Fan duty cycle of C| ..100 %
Cl decrease (0.6...2.2 kW)

Switching charact. Control current of 0...100 % of nom.

VIio degradation VI10 current.
m Internal leakage Switchable bypass 3 x0.2 mm,

orifices (V9) 3 x0.25 mm
Acc. Gas leakage Accumulators Al-A4 90, 100, 110, 115 bar

(Al-A4) with different pre-
charge pressures

7 ZeMA DECH 16.03.2016

Experimental fault
simulation of components



Fault Characterization Measurement

Automated fault characterization measurement with duration of 36 hours

complex nested fault =
measurements § pamp
& sl Bl Enl Bm HEBEEEE BEE EEE BBE BN lgnore Fla
Combination of all 7 |
. |
fault types and severity °— %0 1500 2500
Cycle
grades to involve {
. f Pressure Valve Load characteristics,
Interrerences limitationoperation  static und trAansient sections
N |
oI 3 1 (overall)
During measurement: bl 1
P 1501 8 9 10 11 12 .
test bench performs b 2 Af—=—oT 13
constant working cycle ol f ]
120 = - JI ! ! k.‘_‘ﬁ
0 1000 2000 3000 4000 5000
t [10 ms]
Constant working cycle, duration 60 sec, measured by PS|
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Sensors and Data Acquisition

Real-time
» Working cycle and data checw—> Digital Out —asv-y ACTUators
. e setpoints
acquisition controlled by PLC - —_—
DAQ-PC shercar_ Beckhoff Ll anal t Lesoms LOAd valve
Labview = PLC N8 OLE | setpoints
. . 1 Sensors: Process
Sensor data synchronized with ;
xPressure
process (10 ms At)
. Electric
Sampling rate of each sensor power, 2x
. |—EtherCAT- Analog In <4-20ma— fluid flow
type dependent on underlying (100 ms ¢
. . 1x Vibration,
physical quantity rratio
(1sAt)
Measurements of |7 process 5
sensors (14 physical and 3 virtual Sensars: Conditign
: HSI->
sensors) and fault set points — Rs485 { it }<7— Particle
. number / size
Stored by DAQ'PC In CSV HYDAC MCS
f — Metal particle
ormat number
COPS
RS232 «—— O0il quality /
particles
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Feature Extraction Time Domain

» Computing
feature values of
each sensor and
cycle interval

» Features used

Signal shape
(slope, min, max,
position of
max,...)

Statistical
(median,
variance,
skewness,...)

Iterating © P : Vv« T = v
the - — N | N T _
sensors . _. . \’M‘WW“‘ Harf ‘
e g o#+ o / ? xx
Pressure Valve Load characteristics,
limitation operation static und transient sections
a) | \
E “' \_

o o . 170 H— — B
DIVIIdIng [E 1 (overall) _
cycle-wise . wll2 4 s 6 7 8 9 1011 12 13 |
data to uof [
sections 130 [

120 L . . . | .
0 1000 2000 3000 4000 5000
t [10 ms]
Calculating )
\

feature \
values B \

Negative Skew

ZeMA DT

Feature Pool with ~ 1500 features
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Representation of Faults

» 2-D LDA space shows
the fault progression of
components

DFI allows the
quantification of fault
severity grade

Successful evaluation of
statistical model by
projection of fault grades
not contained in training
(= interpolation)

in LDA Space

15 b)' II — 777
1b) valve
» 100% DC
<« 80%DC 10 . @ & © -
4 60%DC B ‘
¥ 40% DC 5 4
A 20%DC ] o o %
® 5%DC 04 ‘ i
| 0%DC i i i
b Projecion: 90% DG ] ] Valve operation deterioration
<> Projection: 70% DC -9 -
</ Projection: 50% DC B! ' o
R /A Projection: 30% DC ~ -10 4 .
o~ O Projection: 10% DC|| LL | v 100% curr.
% O Projection: 1% DC o 15 A 90% curr. ]
- b g ® 80% curr.
-204 = 73% curr. b,
i 25 1 < Projection: 95% curr.
] A Projection: 85% curr. | |
.30 ) O Projection: 75% curr. |
7 1 O Projection: 69% curr. | 4
—T— -35 —7r— 77T —— T T
80 100 120 -160 -140 -120 -100 -80 60 -40  -20 0 20 40
DF1
T T T 8 T T T T T T T T T T T T T T
T NoTeak 1d) agcumulator m 130 bar gas pressure
A Ic.) :al a?(e 6 | | ® 100 bar gas pressure 7
6 : i'g It eka age 7] 1 - A 90 bar gas pressure
ar leakage 4 0 Projection: 115 bar gas pressure| 7|
0 Projection: Severe leakage g g
4 . - 2 " A -
A & 0_- ‘ " L] _.
24 Y . L 4 o A i -
& Increasing % . Decreasing gas pre-charge pressure y P
o 1 . internal pump leakage o | AA“A
- A -
01 system b -4 aa
failure A ; i
™ 57 ]
® -8 b
A T T T T T T T -10 T T T T T T T T T
-30 -20 -10 0 10 20 30 -35 -30 -25 20 -15 10 -5 0 5 10
DF1 DF1
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Transferability of Statistical Model

10 20
} T . . d . h f I 8 I I ; 1st tes; rig - fan IsC 3% - tr;ining Il 1st tlest rig .Ino |eak;ge - 1ralining I I ID
7 A Isttestrig - fan DC 20% - training || 1 a 1 ig - 3x0.2 - traini
raining data with tault s g pcam e ] ]| 4 Liesre-302mm . g
i nfo rmati on CO I I ected ] O 2nd test rig - 1 month evaluation | ] O 2nd test rig - 1 month evaluation
44 T m}
2] ] 101 " undirected variance =
with system | (~ | day) . . un- _
W directed :
-2 . -
variance
» Subsequent feature :
. . -6 i
extraction, selection 5] ]
a) cooler |
M M -10 T T T T T T T T T T T T T T T
an d traini ng Of LDA -80 -60 -40 -20 0 20 40 60 20 25
DF 1
o . 0 ° ' Io 1st IestI rig - 73% vélve curreml- training || s :I 1st test Irig - 130 balr gas presls. - traininglj ' ' | '
iq - - ini ig - 115 b . - trainit
» Projection of long-term ] : A tstesi- Oovabecuren-wanig [| | 5 e isowomones ) d) accumulator
d t t ' ; ;sa t?St:rig - 1130% v;lve clurrfnt - training |1 ; ;i&"e:;nr?g'_gf rgzrnﬂf Zgis:ﬁ(;; raining
a a ( I mon h) of 204 ndtestrig - 1 montn evaluation H 4
T | drift
” i h ff 107 ¥ . direction
system with orrset ~ 1 o
O 0- 1 6 |
. . . ] 04
calibration drift _
-104 direction T
] -2
-20 - ‘ 4 i
byvalve |  “71 "
-30- i
T T T T T T T T T T T T 1 T T T T T T T T
-150 -100 -50 0 50 100 150 -8 -6 -4 -2 0 2 4 6
DF 1 DF1

—> Learned statistical model transferable between systems with small adjustments
—> Long-term stability
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Statistical Classification: Properties

Classification rates of or near 100 % for studied fault scenarios
Transfer of statistical model successful

Detection of typical sensor faults possible

Compensation of up to 5 defect sensors

Computing time for training of ~120 Mio. raw data points

(17 sensors, 6000 values per cycle, 1250 cycles) @ Intel Core i5 CPU,8 GB RAM
Feature extraction: ~ 5 mins

Feature selection: 0.2 sec per fault
LDA: 0.l sec per fault

Classification of new cycle: < 0.1 sec per fault

—> technically feasible

3 ZeMA PDET 16.03.2016



Semantics-Empowered Fault
Detection and Diagnosis

Semantic Domain Model
Hybrid Fault Detection Online
Semantic Diagnosis
Performance



Semantic Domain Model

e S

Symptoms S with P(S|F)

- () g™ N o) g =g’
N 000 r 0 ottt — oy » bt i o = E.g. Pressure Level After Load
$ e R R G- == ~
[, o, Wh}ssring ‘l_mk__',‘_,{": s L -Q'm_wm}-"'“'“"'l‘f: Faut StateOHrdemal...| No Onset Severe
kN mmiwhw"-i"ff",?:w.'m:i”\“f"”',"}\'--,—’< at } | high 0.0376078...; 0.0106765...; 0.13879991
) i) U A SN
W/’-‘l- "',\ i ,_\mimu' _?wmwﬁw"‘m“f‘:’: low 052478422 : 055024557 : 0.82212257
= e b ot e nomal 0.0376078... 0.0350775... 00390775..
. /Iss/u\\mimmm.* @IMM'M )
N T i Faults F with P(F|C)
T G s = E.g. Pump Leakage
mfﬂ siblsll | — CondhionOlPump‘..\ 0K Poor | Defective | Falue
° = = = Mo B BN 1
Cnget 005 06 03 0
Domain ontology in OWL2: Belief Network: e LN XL .

Conditions C with P(C|EF)

» Domain knowledge on concepts » Probabilistic knowledge s E.g Pump Condition

and relations on causal relations e o T
0K 0.32462263 0 0 1
Machine components, sensors TR ———
} | Failure 0.0095009.. 1 1 0
Faults, symptoms, conditions External Factors with P(EF)

E.g. PLC Signal, O ti | P Stat
» Instances and sensor data (facts) 8 - ~lendl, Tperational Fimp St

Based on HYDAC expert knowledge, —> Automated logic-based and probabilistic
ISO 2041, 13372, 17359:201 1, reasoning for fault detection and diagnosis

W3C Semantic Sensor Ontology

15 ZeMA - 16.03.2016
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Hybrid Fault Detection Online (1)

Multi-variate sensor data stream Per working cycle (I min)

—

—
—

— -

—
—
e o .
—
—

[TS =%22.10.2014T22:10:23”; ct = (Kurtosis, 19.7,29-30); vp = (Median,9.3,10-19); v = (Median,4.0,9-10);...]

» Semantic feature data annotation Part of Ontology:
(02 type StatisticalFeature) ‘ e A
(02 isStatisticalFeatureOf work_valve_pres) FaulOf N8 .
(02 hasFunction median) mdmésy

indicates

(02 hasValue “9.3”~Axsd:float)

(02 hasWorkingCyclelnterval static_working_cycle_1)
(02 hasLevel “Low”) — hasMonitored . hasWerking
(02 hasTimeStamp “22.10.2014T22:10:23”Axsd:dateTime) Property C-“"E""“ii"
". subRoleO_f_'_,f - ™
Cycle Interval
type
|

\ isStatistical
FeatureOf

» Logical inference of all implicit facts

Pressure
After Load
type

(02 type Symptom), (02 type Static_Pressure_After_Load), |
« 7] Y |
(02 hasState “low )' e ‘ 02 ‘ ‘ work_valve pres H static_int 1 ‘
hasWorkingCycleinterval

Symptom | REGISTER Query PALSWCI

. SELECT ?f ?I . .
queries: | rrow STREA <hitp:/. Jstream> Retrieval of infered actual symptoms

e oy eooureAfter_Load e.g. Static pressure (of valve) after load is low
16 ZeMA DET 16.03.2016

a



Hybrid Fault Detection Online (2)

» Probabilistic inference of most likely fault states and conditions

Symptoms: (Static_Pressure_After_Load hasState “low”)

Ext. Factors: (Operational_Pump_State hasState “active”)

Statistical fault classification:

Pump_Leakage = Onset,
Valve_Op_Degradation = No, Evidence
Cooling_Op_Degradation = No,

Accumulator_Gas_Leakage = No

Fe.fault F: J\ /L N\ /

External Factors P(EF):

Active

0.95

P( Pump_Leakage = Onset
| SPAL = low, OPS = active ) =0.7

Inactive

0.05

P( Pump_Leakage = Severe
| SPAL = low, OPS = active) =0.2

—> Semantic validation and explanation of statistical fault classification

17 ZeMA +¢

Pump Leakage Symptoms S P(S|F)
Pump Leakage Fault State: No Onset Severe
Static high 0.0376 | 0.0106 | 0.1387
Pressure ow 05247 | 09502 | 0.8221
ens After Lo normal 00376 | 0.03% | 0.03%
Pump Leakage Fault F P(F|C)
P um p Pump Condition: OK Poor Defective Failure
No 0.9 0.3 0.1 1
Leakage
Onset 005 | 06 03 0
Fa UIt State Severe 0.05 0.1 0.6 [}
Pump Condition C P(C|EF)
PLC Signal for Pump Active Inactive
P um p Operational Pump State Active Inactive Active Inactive
Condition oK 03285 |0 0 1
Poor 03248 |0 0 0
Defective 03408 | o 0 0
Failure 0.0099 1 1 ]
PLC Signal )
for Pump Operational | Active | 055
Pum p State Inactive | 0.05




GUI: Detection and Diagnosis Online

Displays current status of the online monitored system. Select the hydraulic aggregate to be monitored.
Hydraulic System - | HS489@mZeMA ¥ Last Maintenance On : NA

System Information = Active Last Updated Status On : 26.03.2015 06:06:53 Condition : .

Accumulator]
accuB774
II{J
bar
Defective
I
Ve
Internal Pump Leakage : onset (0.7 probability)

Faults
L] L] Lt — Symptoms —\

Level of static pressure after load - low

( Hydraulic Component : Internal Gear Pump
Last Maintenance - 12.08.2014
Operational State : active

Condition

Level of static vibration in system : high

PS5 TS3 PS6 TS4
SP1 COPS Level of static power of pump in working unit : high
F2 e
MCs g — Level of static flow in working unit : high
ci h—d
F52

| Level of static efficiency of working unit - low

Cooler ’
| coolerssaz | Semantic Diagnosis

Ll LL |nfered symptoms S with P(S|F) > 0.5

Schematic diagram of hydraulic aggregate "HS4bswsema

18 ZeMA DR 16.03.2016



Semantic Diagnosis: Overview  GX(L®

iCM-Hydraulic system

» Answers given diagnosis queries

with query-specific combination of semantic reasoning tools

Online: (in parallel, over stream data)

|.  Most likely explanation of detected component condition ? [C-SPARQL, GeNle]
2. Which other components are affected by detected fault(s) ! [STAR]

3. Semantic relations between these faults in the hydraulic circuit ? [C-SPARQL, STAR, Hermit, GeNle]
Offline: (batch, over central store with historic data)

4.- 6. Answer |.— 3. over historic data [SPARQL, STAR, Hermit, GeNle]
/. Progression of component’s conditions and faults with probabilities ? [SPARQL]

8. Frequency of pump’s fault occurrence w.r.t. high fluid temperature level ? [SPARQL]

» Generates human-understandable diagnosis results

with query-specific semantic explanation templates

9 ZeMA PDEH 16.03.2016



Example: Semantic Diagnosis Online

Situation |: [ Semantic relations with other component faults detected at same time?

Faults of pump,
gas accumulator,

pressure control valve. * Pump pump 1234 with intermnal pump leakage ipl123 is located before faulty component
accumulator accuB7 74 with gas leakage agld56, detected at time 72.03.2015 23.:00:09,
Therefore, detected intermal pump leakage might have caused detection of accumulalor gas
leakage.

* Pump pump 1234 with intermnal pump leakage ipl123 is located before faulty component refief
valve valve7E645 with switching operation degradation sod789, detected at time 12.03.20715
23:00:09. Therefore, detected intermal pump leakage might have caused detection of valve
swilching operation degradation.

Situation 2:

Faults of pump, [ Other components affected by detected component fault?

gas accumulator.

Displays other components monitored by sensors monitoring faulty component alongwith probable
condition of components given the fault.

20

Sensor Monitored Component Component Condition
PressureSensord  valve7645 OK(0.7)

accul7 74 Poor(0.9)
PowerSensor’ valve7645 OK(0.7)

accul7 74 Poor(0.9)
FlowSensor’ valve7645 OK{0.7)

accud7 74 Poor((0.9)

ZeMA DT
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Example: Semantic Reasoning

»  What is the most likely condition of other components that are affected by

the detected pump leakage, and which sensors are involved?

Part of OﬂtO'Og)’I @
hasMom'rm-edPrnperfy ng hcsMonlfor-edeper-ty

type @ observe.

Static Pressure After Load
isFaultOf
<
(BInternal Pump Leakage

1
isFaultOf

Valve Switching

—indicates mdlfcntes- Operation Degradation

Power Of Pump
In Working Unit

hasMom tore dPr-ope ety WP observes hasMomtoredProperty

> For each shortest path between machine components x and pump leakage instance y

Valve Changing
Power Of Pump
In Working Unit

Static Power Of Pump
In Working Unit

find symptoms sl of y, s2 of x with same monitored property p
> Retrieve sensor instances of Sensor M Jdobserves. (P N ImonitorsSymptoms(S1 1 S2)).
» Compute most likely condition c of x: max,_.Pr(x =c|Y = 5)

21 ZeMA - 10.03.2015
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ixample: Semantic Diagnosis Offline

* Progression of detected component’s fault states with probabilities ?

Fault progression of component fault over the monitored duration

100 B No Fault
2015-04-09T17:13:17 B Onset
Onset: 0.675297073509992 | Severe
" 0.75
[15]
2 -\ /\ VO Van U s
g
= 0.50
S
1]
L
&
e — VT A
0.00
b«“gﬂb-“gﬂbﬁg‘bﬁg« EEONNNEEON Qgﬂhggﬂb‘gq‘b‘ggﬁ NN
o~ o~ '\‘30&'\‘5 AD™ WD '\“-3 A WD ASO ABD Ao
PO 0T 0T 0T 0T 0 0T 90 90

S g
Observation timestamps

* Frequency of pump leakage occurrence w.r.t. high fluid temperature level

in the hydraulic aggregate ?
* Fe. fault type occurrence in the past (interval) return average contamination

values with change of fault grades

22 ZeMA PDECH 16.03.2016



Performance of Semantic Diagnosis

» Setting
Hardware: i7@3.40 GHz; 16GB RAM, JDK 1.7; 14 GB MaxJVM-HeapSpace

Historic data:

Stream: 660 RDF triples/min 1 [1440 working cycles] 1,067,453 triples 7,685,661 triples
2 [2880 working cycles] 2,134,906 triples 15,157,832 triples

. AQRT | StatC | C-SPARQL | STAR | DL | BN

» Fast average query response time Qi [ 2555 [05s | 25 - BT
. ) Q2 | 1.6s - - 06s |- |-

Onllne,' < 1 min Q3 4185 - 1s 1'35b 26s | 1s

. . StatC | SPARQL | STAR | DL | BN

Offline: ~1min Q4 [ 1-day 003 95 e s

. . 2-days | 0.43s | 25s - - 1s
» Semantic annotation: 0.3 sec Q5 | 1-day |- 0.325 08 |- |-
2-days | - 0.36s 0.83s | - -

» Semantic explanation: 1 sec R S EE KA R
1 H 1 . H Q7 | 1-day | - 0.30s - - -
» Historic data loading: 15/35 min —— -
Q8 | 1-day | - 0.21s - -
2-days | - 0.29s - -

» High precision: MAP =1, Customer eval

[8 test queries, rnd samples of test data for 1,250 working cycles with simulated grades of 4 component faults]

23 ZeMA DECH 16.03.2016



ICM-Hydraulic @ Hannover Industry Fair 2015

E iICM-Hydraulic

HANNOVER Intelligent Condition Monitoring
MESSE

artramdt

24
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»  M.Klusch,A. Meshram,A. Schuetze, N. Helwig: ICM-Hydraulic: Semantics-Empowered Condition Monitoring of
Hydraulic Machines; Proceedings of the | [th ACM International Conference on Semantic Systems,Vienna,
Austria, ACM, 2015
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|28; doi:
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of Wind Turbines; Proc. 29th ACM Symposium on Applied Computing (SAC); Korea; ACM Press. available

25 ZeMA PDEH 16.03.2016


http://dx.doi.org/10.1016/j.proeng.2015.08.835
http://dx.doi.org/10.5162/sensor2015/D8.1
http://dx.doi.org/10.5162/AHMT2014/P1
http://www-ags.dfki.uni-sb.de/%7Eklusch/i2s/ACM_ICM_Wind-cmr.pdf

Contacts

Priv.-Doz. Dr. Matthias Klusch
German Research Center for
Artificial Intelligence (DFKI)
Stuhlsatzenhausweg 3

66123 Saarbruecken

E-Mail:

Phone: +49 68| 85775 5297
Web:

Dipl. Ing. Nikolai Helwig

Center for Mechatronics and
Automation Technology (ZeMA)
Eschberger Weg 46
Gewerbepark, Gebaude 9

66121 Saarbrucken

E-Mail:

Phone: +49 681 85787 41

Web:

26 ZeMA

Prof. Dr.Andreas Schutze

Lab for Measurement Technology
Saarland University

Building A5 I, University Campus
66123 Saarbrucken

E-Mail:

Web:

M. Sc.Tizian Schneider

Center for Mechatronics and
Automation Technology (ZeMA)
Eschberger Weg 46
Gewerbepark, Gebaude 9

66121 Saarbriicken

E-Mail:

Phone: +49 68| 85787 41

Web:

o< | 16.03.2016


mailto:klusch@dfki.de
http://www.dfki.de/%7Eklusch
mailto:schuetze@lmt.uni-saarland.de
http://www.lmt.uni-saarland.de/
mailto:n.helwig@zema.de
http://www.zema.de/
mailto:t.schneider@zema.de
http://www.zema.de/

	Condition Monitoring auf Basis statistischer, semantischer und hybrider Signalverarbeitung – Projekt ICM-Hydraulik
	Introduction
	Intelligent Condition Monitoring
	iCM-Hydraulic
	Statistical Fault Classification
	Statistical Analysis Overview
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Semantics-Empowered Fault Detection and Diagnosis
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Example: Semantic Reasoning
	Foliennummer 22
	Foliennummer 23
	iCM-Hydraulic @ Hannover Industry Fair 2015
	Foliennummer 25
	Foliennummer 26

