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PRED/CT “Vertical” Solutions
B

Engineering &

b= ~

Reliability Management
CASIP e Function / Flow Yy, __eemmmm—
Engineering * HAZOP / FMECA / " Fleet, Asset, Energy, Eco ™.
Z Footprint Management \
) FTA./ RCA . / & Risk Assessment
e Reliability Analysis 4 e S—

”~ ™,

<" Thera pyAssessment &
FaultTolerant Control

e Therapy Assessment

* Fleet Wide Monitoring ! Proﬁ;‘;ﬂ\“&
* Health Management . Management
* Diagnosis / Investigation / Prognosis \

Fault Detection
and Diagnhosis &
Condition Based
Monitoring

7\

CAS P e Fault Localisation

e Fault Isolation

* Fault Detection
¢ Condition Monitoring

!
o PRED,CT PREDICT - IPSS Doctoral Spring School - 17/06/2016

® This confidential document is PREDICT's property and must not be used or transmitted without its agreement



PRED/CT Solutions Foundation

.. System Engineering to structure Knowledge and to increase Efficiency of
Diagnostics, Prognostics, Health Management and Proactive Therapy.

Set of Integrated Concepts and Methods

v help in the knowledge expression,

v organise and structure knowledge,

v further operation, feedback
and improvement.
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New Usage / New Services / New Business

\—J;/" UNIVERSITA DEGLI STUDI DI BRESCIA
S

1 P4
)

« How business models of companies that
operate Iin capital goods sector such as
machinery (machine tools), automation (robot
systems) and transportation (forklifts trucks) are

configured?

« Which are the main drivers/obstacles toward the
Implementation of usage-oriented business

models?

Page 11
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Customer value sources - general findings

UNIVERSITA DEGLI STUDI DI BRESCIA

F ot
)
iR

T

« Main sources of value for customers are product performance, and
product productivity.

 Moderately to quite important are product expected lifetime,
customer image enhancement, customer minimization of operational
risks, brand reliability.

 Moderate importance of value generated through minimization of
customer maintenance efforts.

Variable orientation towards service oriented business mods/
Low Medium High
= Automation Machinery Transportation 1/
Components D/l OEM
Jealer/integrator
DEM: Original E ant M

y
SN %
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PRED/CT

Customer value sources

3‘ UNIVERSITA DEGLI STUDI DI BRESCIA

Domains

. Transportation: more customer oriented. 1
- Machinery: more focused on flexibility.
[_ Automation: less oriented towards maintenance.

Brand reliability
- -4;-- - :

-

Customers minimization
of maintenance efforts /

1 hY
\ "\ Product expected
of aperational risks '.I"'{ ; A lifetime

| Product flexibility (in

terms of capabilities to
of costs adapt to different tasks)
Customers ima L
enhancement roduct productivity
0 — Not at all
= Machinery s Automation s Transportation 1 — Slightly

| 2 — Moderate
.__EJ _ 3 — Quite high

4 — Extremely high

M| %
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Service offering - general findings

4"-5;/ % UNIVERSITA DEGLI STUDI DI BRESCIA

Firg?)
Ol il

are extensively offered (documentation, repair, spare
parts, basic training),

are sometimes offered (advanced training,
remote monitoring and product remote diagnosis, product
upgrade/retrofit, warranty extension and maintenance contracts).

Low Medium High
Machinery Automation Transportation /

Components OQEM D/

\
(m‘u w}'! Av:v;ﬂ'!l:‘l Factories of the Future
AND REPA SYSTEMS Public Private Partnership
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Service offering

7 UNIVERSITA DEGLI STUDI DI BRESCIA

i Automation: Advanced services related to optimization of customer processes are sometimes offered.
. Transportation: Some advanced services as financial services, leasing, second-hand services and rental are offered.

"""""""""""""""""""""""""""""""""" Documentaton
Pay-per-use mntracta. 4 , epair
Product disposal e/ Spare parts

Fasic training
hY
?:-‘g Advanced training

Rental services,

= /
247 technical assistance /__ _

s Machinery i
mftomation E Relocation |' —
|

7
s Transportation L l
Leasing services |

Financial services N

\

— - _I Product remote diagnosis

]
/7 Product mechanical, hardware and/or software. .

Il
)

“}’ Product mechanical, hardware and/or software. .

Consultancy services (not related to your prn-duct >~/ ""I N\ Product remote monitoring 0 — Not offered
Second-hand products” imization of customer processes _
Warraﬁty extensmns I"u"lalnharf't ance contracts P 1 Rarelyz
2 — Sometimes
3 — Often
4 — Always

£
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Adoption level of Design for X

iy UNIVERSITA DEGLI STUDI DI BRESCIA

Domains

Transportation: High experience in the design for maintainability/serviceability and also medium experience in the
- design for reuse.

Design for reliability
41\

— A

-

~__ Design for maintainability/serviceability
m—=achinery /
= Automation {

====Transportation '
b '“’
: o\ AV - 0-Very|
Design for reuse/recoverability Design for life-cycle 1 LeW ow
- Low
2 — Medium
3 — High
4 — Very high

INNOVATIVE STRATEGIES FOR RENOVATION
AND REPAR IN MANUFACTURING SYSTEMS

“Mlrx oW
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Fleet operation and maintenance practices

Domains

' Machinery: companies perform predictive maintenance activities on less than 20% of their installed base.
Automation: companies perform remote diagnostics and predictive maintenance activities on less than 20% of the installed base
Transportation: companies perform preventive and corrective maintenance activities (under contracts or warranty) in average on
. 60% of their installed base and product condition analysis on 50% of their product.

Product condition analysis (using information from customer
assessment and analysis of usage and performance of the

=

|

mmMachinery

s futomation {

====Transportation

UNIVERSITA DEGLI STUDI DI BRESCIA

%

Corrective maintenance (on client demand)

- Corrective maintenance (under contract or warranty)
product)

Remote diagnostics ' Preventive maintenance (under contract or warranty)

- . 0 - 0/20%
Predictive maintenance (under contract or warranty) 1 — 21/40%
2 —-41/60%
3 -61/80%
4 —81/100%

Page 17
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Revenue model

X UNIVERSITA DEGLI STUDI DI BRESCIA

Domains

’ u Service contracts
(preventive/predictive
maintenance contracts)

u Technical assistance

P _ 100% -
- Machinery: Services represent only 20% of '

companies turnover. Service contracts and 90%
financing/leasing represent less than 2%

each. Renting and pay-per-x contracts don't 80%
generate revenue. 70% B Spare paris sales
Automation: Services represent less than 20%

of the companies turnover. Service contracts 60%
and financing/leasing represent less than 2%
each. Renting and pay-per-x contracts don't

® Product usage fee (pay-

S0% per-use or pay-per-

perfarmance contracts)
generate revenue. 409, - = Product renting
Transportation: Service represent about 50%
of companies turnover. Service contracts 30%
represent the main sources of service-related 0% ® Financing/Leasing
revenues (about 11%). Financing/leasing
H Q

cnntlrlbute to the total turnover for around 5%, 10% = Products sales

~ renting and pay-per-x contracts for around 8%

. each. I 0% - _— —

e Y Machinery Automation  Transportation
Page 18
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Main findings

£y UNIVERSITA DEGLI STUDI DI BRESCIA
2t

Firg?)
ol il

Fleet operation and maintenance practices are carried
out by companies on less than 50% of their installed
base, generally through direct field engineers.

Remote diagnostics, product condition analysis, preventive and
corrective maintenance activities are even less diffused, below 30% of
the installed base.

Page 19
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Objectives

1. Design and implement embedded or distributed systems to be able to
capture the use and assess the state of health, using power based
information (and others), obtained from sensory system or evaluation
technologies of power, load, current, temperature, vibrations,... and from
machine/system accessible data.

2. Provide the Fleet-Wide Asset Health Management platform (FW-AHM)

that supplies the related business services.

a. The platform should support innovative features and technology to provide fleet-wide
monitoring, diagnostic and health management services and delivers the required data
and information for the operation and related maintenance strategy optimization
services.

b. The platform will act as a hub of technology, providing the end-user with the different
business services at different level: i.e. product dealers, users or third party maintenance
service providers.

®
IPSS, Product-Service Systems across Life Cycle, Brescia, 17t" June 2016
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Content

* T-REX Activities and Results
— Fleet Management platform and services
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Fleet Management platform and services

K >

o

Inputs

Characteristics
- Model
- Location
- Driver
Indicators
- Operating times
- Counters

T Processing Structuring ................................... * Fleet Indicators

\ Reporting

£
‘ '0/: - Page 22
IPSS, Product-Service Systems across Life Cycle, Brescia, 17th June 2016




’
Installed base monitoring for PSS business models PRED;CT

Processing structuring

* From raw data to users information

Sensors Validation and consolidation

Conditioning
— Data processing

Performance and health
indicators extraction

Information
Indicators Aggregation and data
visualization

Page 23
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Example of data treatment sequence

I Sequence
B Acquisition data

Treatement

Calculated variables

~ Symptom
B Alert

Page 24
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Compute “bottom” level indicators
Generic KASEM® algorithms

« Evaluate condition e — ———

[ casip21/Kasem /Modeles.aspx?action=add&ctxid=9;1 &

=] EDIT SEQUENCE

Iname :

» Perform mathematical

® preset algorithm: Lt !
End date: 12 o000 Run [# @, [PRD-] Condtion (v1) v Bool |+ f
. Variables | Processes signal|[# o], ST NoBool ||
O e ri ltl O n : ; [ KASEM: Edit sequence - Google Chrome. T - - TRl e Y~ [E=NEER—
y - |
[ casip21/Kasem/| Modeles.aspiaction-addaictiid=9;1 %
=] EDIT SEQUENCE
biame =
- - Persistante
° Start date: 12142015 7= 0000 Inpurs © preset algorithm Oumeine
End date: 121572015 7] 0000 Boolo [+ . [PRD=) And Or (v1) v and 4 0 hl
Variables |[processes| oot |W oL Custom ol
Bool2 (4 0L . |
venrs
Filter by type
Diesel Data_Presence Bl 7 .
Diesel_Data_Time ookt |3 T
o Diesel Drver_Seat =
Dieselkey0n Bools [+ oL
D
Bools [ Il

[ KASEM: Edit sequence - Google Chrome = [ 5 [ |
1! [ casip21/Kasem/pages/Modeles.aspx?action=add&ctxid=9;1 LY
Diesel_NonNorinal_Cooling |

Dicee ontiomneCoaing_T [ %] Entr sequENCE
Dicoe Nontlomia el
DiseNeonlomnaL-yerauk] [pame -

Diesel_NonNominal_Transmis

Persistante
Diesel_NonNomina_Transmis

. | e W5 e e -
[ ) (e el Operaing Accelerat End date: 12/ =T Run [ o, [PRD+] Time in Condtion (v1) - rime| 9]
Va u a. e I I I Ie O I C u I I l u a e S | () N "] CR cutom pm—
Tmer :
Filter by type VENTS

Diesel_Data_Presence ParauereRs

—
- - n e Condition_Sync 1

Time_Scale| 200

Time_Period 0

Diesel_NonNominal_Cooling_Temperature.
Diesel NonNominal Coolina Temperature.

Preview
08 G - Sequence | - Model save

-> Algorithms with a high level of parametrization

_‘E EX " g” Page 25

IPSS, Product-Service Systems across Life Cycle, Brescia, 17t" June 2016

Factories of the Future
Public Private Partnership




Installed base monitoring for PSS business models PRED;CT

Compute “bottom” level indicators
Generic KASEM® algorithms

EXaI I I p I e [ KASEM = Business Administration - Google Chrome (== ® ]

[3 localhost:8081/Kasem/sadm/tables.aspx?std=1#

A p p I I C atl O n Tables «|  Settings (table :_DATA_Settings)

Filter Z
=53 Tables Io NaMe DESCRIPTION CONTENT

param ete rS are W Edit| Delete| History 1 KeyOn Signal value in V when FLis on >0.3

- ] Edit| Delete| History| 2 Seat Signal value in v when driver is sitted »0.35
C e n t r aI I Z e d I n a Edit| Delete| History| 3 Timer_Scale Scale factor in s for time measure 3600

Edit| Delete | History| 4 Acceleration Zone of accelerationin g in 440
ta- b I e a n d Edit| Delete| History| 5 Low_Shocks Low shocks zone ing in 1-8;-47;[4;8[
= Edit| Delete| History| 6 Medium_Shocks Medium shocks zone in g in ]-14;-8];[8;14[

C u Sto m I Z e d by Edit| Delete | History| 7 High_Shocks High shocks zone in g in J-Infinity;-141; [14;Infinity[

t Edit| Delete| History| 8 @ Diesel_Neminal_Cooling_Temp_Zone Nominal cooling temperature zone when key on <=77
e X p e r S Edit| Delete| History| 9 Diesel_Meminal_Hydraulic_Temp_Zone Nominal hydraulic temperature zone when key on <=45

Edit| Delete| History| 10 Diesel_Neminal_Transmissicn_Temp Zone Mominal transmission temperature zone when key on | in [40;78]

Edit| Delete | History| 11 Temperature_Range Range of the temperature measurement in =C in [0;120]
Edit| Delete | History| 12 Shock_Range Range of the shock measurement in g in [-20;20]
Edit| Delete | History| 13 Hydraulic_Switch Signal value in V when hydraulic switch is actionned  >0.35

Edit Delets History | 14 Electric_Nominal_Hydraulic_Temp_Zone Nominal hydraulic temperature zone when key on <=35

New line

| I3
(:.AIE"? RE 'V oF Page 26
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Compute “top” level indicators
Aggregation principle

« Aggregation is the “merging” several indicators in one.
* Principle

1. Notation phase
« To be merged indicators need to have the same “scale”
« Give a mark between 0 and 1 at each indicator

2. Aggregation, merging phase II .
 Based on operators that represent
expert knowledge
* Resultis a global mark between 0 and 1 I

Map example of
Max Connector aggregation operator

£
AN
' IPSS, Product-Service Systems across Life Cycle, Brescia, 17t June 2016
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PRED/CT

Compute “top” level indicators
Generic KASEM® algorithms

. Notatlon algorlthm

® reset algaritim:
Notatis... utipls Feseton 11

. Aggregatlon algorithm

B g )

asip21 /pa - vl.-p..

]Eurr SEQUENCE

® prasst aigocithm:

nnnnn

|

Intermediate

Value

Linear Interpolation

Sigmoid Interpolation

LeftValue

RightValue

alal

X0 X1 X2

X3

IIIIIIIIIIIIIII

HEEEEEEEE

-ET REX

INNOVAIN[ STRATEGIES FOR RENOVATION
AND REPAIR IN MANUFACTURING SYSTEMS
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KASEM® - Data Visualization service

« All the tools and ways to communicate a clear and
efficient information to the users (statistical graphics,
plots, information graphics, tables and charts)

E-Visualization PDF Report Dashboards / Custom. HMI
"" o e R = e e — ey =1
= | 'M i y
Q . - Yy
== m T \iE!!mm
= | e

Visualize historical raw and  Data screenshots  Show specific dynamics
computed data set as well on specific period  views based on real time
as real time information data information

Can S ' For
{ 'E [-REX v '
INNOVATIVE S NOVATION Factories of the Future
AND REPAR | 3 SYSTEMS Public Private Partnership
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Machinery use case

« Real environment

— Machine tool in headquarters’ workshop
- DL155
« Equipped with a traditional OMLAT spindle

Page 31
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Machinery use case

« Real environment

— Test bed in Pinerolo production plant
* Equipped with IMATECNO electro-spindle
« Connected to FIDIA CNC

{8 )
 Possibilities of virtual environment
FIDIA ==

‘ = .
‘;f_l_gr? REX ' ,°” - Page 32
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Machinery use case - Platform

Remote / Cloud platform

-
FIDIA ==
DL155 type
machine tool F

s

TECN® ®
Electro-spindle MS£M
\ < FTP server Knowledge base

Condition

Monitoring | Lcas/p Fleet-Wide
Qo Integration

Page 33
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Machinery use case - Platform

FIDIA’s workshop Remote / Cloud platform
Variable Name Unit
FSUCURRRMS A
FIDIA ==

DL155 type FSUCURRPERC %
machine tool SPI1ACCE RPMs
% FSUTEMPMOT °C
Ele;tEf:ipundle I(ASE.:M® SPITVELIST RPM
l FTP server Knowledge base S6 GRADI oG
‘7 38_GRADI C

e I:l ' OCAS;P

[ o Integration

— IKEQTEKNIKER
CBM Laptop D
Ll e
computenicrors DR Lrcas e

Qc Integration
Indicator = f(Raw 1,..., Raw n)

g ™\
indicator M Convert text files into csv Integrate data in the KB
®
Raw ‘1 Data ‘mSEM
time FTP server FID_UP 1> i Lcsv Variable 1 Knowledge base
7 7 Variable Z —
- —
,._ —
= Evaluate indicators —_— M —
- TEK_UP ot Varlable n
indicator
A
\
—

Page 34
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Machinery usage - Data Visualization

« Collection of maintenance test sessions only
— Periodical tests that only few minutes (= 5)
— Consist of a sequence of constant level spindle speed

* PDF report after each test session

« Test sessions example on L300

L300_Running

spindle “order”

whisker

L300_Running

box —

lower

spindle current response whisker

200

)

200 250 280.82
Time

Boxplot representation:

-1 max

Q3

median

== mean

Q1

—— min

Factories of the Future
Public Private Partnership

- IPSS, Product-Service Systems across Life Cycle, Brescia,
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Machinery use case: tests evaluation principle

' . .
' Reference :« Atestsession is a sequence of
: Signal behavior learnin : :
: ? ° : constant spindle speed steps.
- Signal’s .
: reference behavior -
:‘ Behavior learning phase .:
:. Signal behavior ‘
Signal to evaluate hotation :
Signal's note :
. signals’ note
s, Test evaluation phase ~,
. .
oF Page 36
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Machinery use case: Behavior learning phase

Pffgsfa Bearing temperature . , . .

= e i .. = <+ Two types of signal’s behavior, spindle
3? 23 l : e 55.000

i | : e speed step dependent, to learn.

o ' e

= : o Temperatures Currents

2 e . s temperature A current

o *  RMSCurrent fsoxe |77 ol wee % -asymptote

= “‘ 32,500

f? 13 /’” : ﬁ lﬂ lﬁ P 30,000

;3 :i k. ”. H 27,500

25 10 . 25,000

:4 g 22,500 _

:3 R o W 20,000 - »

:: . : 17,500 time

21d{a m 15,000

20165 12,500

1] a 10,000 . . .

o2 ﬁﬁ \ = e FOr a given speed step, behavior is
1712 5,000

o Speed steps characterized by a set of parameters:

9 9 03/18/2016 17:05:00 03/18/2016 17:05:30 03712/2016 17:08.00 o

Variable Name Unt  Desaription Count M Max M Temperatures : asymptote’s mean.

%%I::::g z:waLIST I::::g :E‘el'v‘ELIST 40,?13r 35::332 E Currents  mean Standard deviation first and
3 | @ |TestBed CURRRMS TestBed CURRRMS 44,159 0.3] 24.14] - 1 1

4 |©([TestBed_56_GRADI TestBed S56_GRADI 317| 259 38.2

second harmonics’ amplitude and frequency.
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Machinery use case: evaluation phase

1
| ﬂ? good behavior

Q bad behavior
0 |

« Evaluate behavior parameters
with notation function based on
references statistics.

* Aggregate parameters note
* Aggregate Signals, nOte' mean — 50 me:an mean + 50

mean — 20 mean + 20

P(?ref notation N(Pé’) O Pl-j: Parameter i of the signal j
N(So) j- Signal j

( S;: Signal j
N(PT{’) aggregation
N(Test) | N(e): Noteof e
N(Sm) aggregation

Example of notation function
for current mean

£
AN
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Fleet-wide tests follow-up

* Mobile web application

Fleet Health

Fleet health status

o . . [« R a
56.8% Tests note historical
o M?;hine#d Q ok a
é ° Session 3 Q
My Q Machine #4 ——
A o 100 ()\ o a
M?l;:]hine#s Q g Session £5 o
3 .
o M?Dc‘:léine#l O\
Q Visual state See details

indicator for specific machine

£
Sa
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Content

 T-REX Activities and Results

— Robot System/Automation Use Case

:
(n:{\ VATIVE STRA R RENOVATION Factories of the Future
AND REPAR IN MA RING SYSTEMS Public Private Partnership
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Robot System usage - Data Visualization

* Reporting services

— Daily PDF report on robot performances
« Comparison between several production day

e Customized KASEM® HMI and Dashboard
to fit with KINE business

KINE: 7o

Page 41
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User defined
periodic report

Counter type KPI

Falled plcks

KINE Operation report

Operation Report ROBOT
From XX:XX:XXXX XX:XX t0 XX:XX:XXXX XX:XX KINE s
. Arm Controller A Starc firmware

@ Type:TX90L-S1
. SN:F14.5VBSA1_1.01
Tuning : R3

Counters

{F

Version : 2.7

:F14 A 1
S LAVESAL 6.0 Date : March, 27 2013

Wafer breakage

546 89y

Dropped wafers Operating time

Automatic system’s
configuration detection

Period’s key facts

-E<T REX

INNOVAVWE STRATEGIES FOR RENOVATION
AND REPAIR IN MANUFACTURING SYSTEMS

7% 20% P
...............................
............................. P Safety Circuit open Teinperacures — Events . M ain eV ent S; | 0 g
bercent Pl
/C/ @ 0 P Alarm ... x
, ,,,,,,, Boxplot Temperatures’
Evolution since last period statistics
Timer type KPI R e &
(T Page 42
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Content

 T-REX Activities and Results

— Transportation/Industrial Vehicle Use Case

:
(H:“ VATIVE STRATEGIES FOR RENOVATION Factories of the Future
AND REPAR IN MANUFACTURING SYSTEMS Public Private Partnership

®
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Industrial Vehicle usage - Data Visualization

* Reporting services

— Provide easy access
* to real time forklift trucks indicators
* To daily updated ERP information

— Customized KASEM® HMI to fit with ULMA
business

\Y/ULMA

Carretillas Elevadoras

Page 44
IPSS, Product-Service Systems across Life Cycle, Brescia, 17t" June 2016



http://www.ulmacarretillas.com/
http://www.ulmacarretillas.com/

Installed base monitoring for PSS business models PRED ’CT

Transportation use case

* Test fleet Is composed of 10 forklift trucks

— 5 forklift trucks in CIE facilities
e 2 electrics: Mitsubishi FB25N MC 80V

— Two batteries + esenergia’s smart pulse

e« 3diesel: Mitsubishi FD25NTD MC

— 5 other forklift trucks
« 2 electrics
e 3 diesel

\"JuLMA
Carretillas Elevadoras FB25N MC 80V FD25NTD MC

o

\
(\v‘u VATIVE STRATEGIES FOR RENOVATION Factories of the Future
AND REPAR IN MANUFACTURING SYSTEMS Public Private Partnership
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\Y/ULMA

Carretillas Elevadoras

FORKLIFT TRUCK MAIN SIGNALS

(]
w Driver Presence Detection Sensor

é Hydraulic Temperature [— 3

Q and Pressure Sensor \ ]jj

Dataloggel‘ \ ]
—

& Refrigeration
Temperature Sensor

Bse): Impact Sensor

@ Transmission ory
Temperature Sensor \~~{~o Q
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Transportation use case - Platform

3
W Q Remote / Cloud platform /ﬁ\ ULMA’s headquarters

N
i \JuLmMA

Con_dltl_on Forklift truck fleet:

Monitoring *  Mitsubishi FD25NTD MC \"JuLMA

ERP
g FTP server
i
> (== I
cCm -
J

=  Mitsubishi FB25N MC 80v

' Yy |l @y CAS /P’
b T L4 Q?Integration
) A 4
esenergia - :
@ Smart pulse ——1 \. 'Y ) Fleet-Wide
S Management

| — Raw & CBM data |

KAS-M°

Knowledge base

Page 47
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Transportation use case - Platform

Q Remote / Cloud platform

: | Oil tamperature :
PLT ion's oil temperature | :

s .
¢ | Engine’s temperature :

L!J ULMA ¢ | Dperator's presence time [ )
Diesel forklift truck i [Traction time \"JuLmMA

H awitchon time :
:t: u: : Forklift datalogger

) ~ FTP server
4 3
u ULMA N : [ oil temperature i
Electric forklift truck : | Dperator’s presence time i
i | Traction time
— 2 ¢ | Key switchon time

Impacts [
LT N mumA
Forklift datalogger

@ esenergio $
i e e ;

7

¢ | Battery'st

i | Electrolyte level
¢ | Voltage

Pl Curemt |
: | N of charge f discharge cycles | :
— i | N2 of deep discharges :

£i3
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Transportation use case
Fleet Dashboard

pvers  £[3 companison A events # Investigation

COSLADA .
24,42

ow
Qnly Hydraubc Oovy Trachion
W Hydrsuic and Tracion Together W ke . W Orvy Hydroule M Only Tracton

01122015 = W 1200 W 1907 W 1902 W NotSeatec W LowLevel  Medium Level B High Lavel W yeraulic snd Tradion Together
V122015 = Amir: Brzeniue Wi Terzentus Engite Tampancumnm Tonammaans Termecatice Tattery Teroeatire Bariry Capocdy
4 CLUATRO RUEDRS ’ p ’ @

5 i 30.26 96.82 52,52 83.38 40.00
e ae C [EES— C 122 C 21 as c s | e C 128

IN1D3844

Q0074085

S00T400
4 FETRACTLER

JWe2aAA

21613423 R

“w

I TRANSSALETAS ELECTRICAS
TRANZUALETAS MANLALES

Unkrawn

F S

T REX

TRATEGIES FOR RENOVATION
IN MANUFACTURIN MS
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T-REX Consortium

KLQTEKNIKER  PRED/CT

Research Alliance

KINE S 0« \YJULMA

Carretillas Elevadoras

"‘u‘
(’ CIE Aulfomolive @ esenergia M‘l
TECN&

MECHANICAL TECHNOLOGIES

% Fraunhofer E\'E; UNIVERSITA DEGLI STUDI DI BRESCIA
IAO

‘ = .
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Demonstration

 Please visit us next week at

T2l

IT2INDUSTRY 21. = 24. Juni 2016 | Messe Minchen

Internationale Fachmesse und Open Conference
fir intelligente, digital vernetzte Arbeitswelten

-‘_-—‘H—‘-—"‘—-._

Co - FACTOR

T S TR e T T L
for
- hodmemoes s, indusiny

FoF projucts

Facior X H'l.ﬂH.ﬂH
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Questions / Answers

THANK'Y

‘ = .
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IPSS Doctoral Sprmg School .

Dperations Management methods and Technologles for PSS Dehvery
13-17 June, Brescia (1taly)

For

Factories of the Future
Public Private Partnership
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LIFECYCLE EXTENSION THROUGH PRODUCT REDESIGN AND REPAIR,
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