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Connected Industry @ Bosch Rexroth

How Do We Understand Connected Industry?

Industry 4.0
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= Humans, machines, objects and systems are connected
= Quality, Cost, Delivery greatly improved by i4.0 optimized Value Stream Design

Rexroth
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Connected Industry @ Bosch Rexroth

Challenges Derived From the Market

Market Requirements Manufacturers‘ Requirements

= Higher productivity

Volatile markets
= High flexibility

Individual customer = minimize set-up time

requirements - R
= smart individual workpiece in/out

Shorter delivery

; = Quality improvement
times

= Real-time & preventive service

Shorter product
life cycles

= Low inventory

= Reduce dependence on labor

Customer behavior |
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Connected Industry @ Bosch Rexroth

We Are in Driver’s Seat With a Dual Strategy
LEAD OPERATOR

Product manufacturer view /
product view

LEAD PROVIDER

System manufacturer view /
production resource view

Rexroth .
Big Data |
Business

Decentralised : processes
intelligence

Software Innovations

Production
Machine models
models
Connection
]
. Software ®
BOSCH
ackaging Technologs Added value networks
Technology and solution supplier First mover in the realisation of integrated
for OEMs und end users concepts with equipment providers
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Bosch Rexroth i4.0 Product House

Horizontal Vertical Engineering

along entire Human as CPS, CPPS
networking networking valui chain orchestrator Technology

Information _ Bosch Rexroth services . Training/ Maintenance
——(eCatalog) Ordering . ) Production (Service portal)
© ’a,a o8 (eShop) ___Englneerlng (Product data)
Appsl— ocl = \ : S

_ _ i IndraWorks RFID  [4EE.  Condition Monitoring

MTX, MLCV13 3 BijMulticore ™
“control

Servo- %
Modules & Products y

hydraulic

axis

IndraDrive ,

Decentlized
Easy Handling Hxx05 SAFETY

2-Arm- Handling drives

Sytronix BOARD

Products “Industry 4.0 ready” by open communication & Bosch Rexroth services
CPS: Cyber Physical System CPPS: Cyber Physical Production System
RCM: Remote Condition Monitoring OCI: Open Core Interface
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Connected Industry @ Bosch Rexroth

Connected Industry: example Bosch Rexroth

Connected

:;) Industry
OPEN CORE (i 4.0)

ENGINEERING
)

The_Cos Videom ov

LEAD PROVIDER

System manufacturer view /
production resource view

Motion-Logic-Systems
Real-time ethernet
Intelligent electric-

1992 PC-based mechanical and
control units electric
1979 Field bus comm. hydraulics
AC servo motors Electric
1969 Multi-axis control hydraulics

CENTRAL Intelligent drives
INTELLIGENCE

Nonetwork | DECENTRALIZED INTELLIGENCE =
1) e @H'ghcngﬁfehnin'cal Industry 3.0 Industry 4.0
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Connected Industry @ Bosch Rexroth

Open Core Engineering — the Key to Industry 4.0

:,) = Award winning Software Development Kit (SDK) * [ )i

| 2 for engineering environments
o = Easily connects automation and IT-world Lg

T B

| = direct access to functions and data of T
. machine controls enables new services and AWARD
i competitive advantages 2 0 I

E.g.: Online coupling of manufacturing & simulation to increase productivity
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Open Core Engineering - Overview

The bridge to Industrie 4.0

Software Tools Open Core

Interface

Comprehensive
tools accelerate
and simplify
engineering

Function Open Standards

Toolkits

OPEN CORE
ENGINEERING

Like Sercos or
OPC UA guarantee
future proof
machines

Preprogrammed
function packages
enable short
development times

Construction /
Assembly

Planning

Commissioning

Extended and
convenient
access to the
control with
more than 500
functions

IT
Automation

Connect ERP,
MES or own tools
with the machine
control

Hardware in
the Loop (HiL)

Model-based
Design

Virtual
Commissioning

Rapid Control
Prototying

Matlab, Simulink or
LabVIEW Plug-Ins
improves algorithm
design and testing

Smart
Devices

For a convenient
machine operation
and diagnosis

Model Based
Engineering

Boost machine
development by
using virtual
models

Individual
Functions

Supplement your
PLC application by
functions written in
Lua, Java or C/C++

Production / Modernization
Operation and Service

Connecting PLC- and IT-based automation
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Open Core Engineering

History of IndraMotion MLC

2001:
Start of development

Robotic

General

Automation 2003:
First Software Version

2005:
Integration of Robotic

2010:
Pr;r:]tgng Integration of Hydraulic
Packaging Hydraulic
2012:

Introduction of
Open Core Interface

I I T I I |
1990 1995 2000 2005 2010 2015

2015-12-10 | DC-IA/SPC21 | © Bosch Rexroth AG 2015. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as h
9 in the event of applications for industrial property rights. BOSC Grou p



Open Core Interface

Universal Gateway

The Open Core Interface P is an
extension of the proven and reliable
systems IndraLogic XLC and
IndraMotion MLC.

It grants access to the embedded
functions of the Motion Logic firmware,

e. g.
= PLC

= Motion
= Robotic

It serves as a gateway between
= IT-based and
= PLC-based automation
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Open Core Interface Provision

Software Development Kit (SDK)

Open Core Interface P is provided as
Software Development Kit (SDK)

= Full documentation

= Comfortable integration of Open Core
Interface P> libraries into the respective
development environment

» Libraries offer comprehensive functions
for accessing control functions

= Comprehensive application examples
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Open Core Interface

How it works

PLC application OCl application
Development 5 e e v
IndraWorks environment @ g Netars S0/ @ s
Visual Studio, Xcode, Office, etc.
: C/C++
LD ST Programming Objective C Java
FBD IL L e VBA Ctt Visual Basic
Libraries L I
PLC library % Interface Open Core Interface IXI@E
library
Motion Control System
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Open Core Interface

How it works

Java

opjective

Mode“ca

matlab

yisualBas'®

Lua

c!C-H

c#

Simu“ﬂk

/ Open Core Interface

Api Lib | Container Lib
| |
10 Lib | Logic Lib
|
Motion Lib | Parameter Lib
|
Robot Lib | | System Lib
Task Lib | Trace Lib
|
\ Watchdog Lib | | Utility Lib
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Open Core Interface

Customers

WEISS
GmbH
Germany

VDL Groep
Netherlands

ANDEC
Manufacturing
LTD
Canada
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Success Stories

H2 energy
LTD
United
Kingdom

. GLAUB

GLAUB
Automation
&
Engineering
GmbH
Germany

IndraLogic
GA (B-BC)

Aquamarine
Power
United

Kingdom

B
‘ KOSTAL

TRUMPF

s e~ mawure
‘Q—SC'T

| n

x Balluff

h GmbH
ﬂ ‘ Germany

“.‘“ ats

T hnik Gir DH

TRUMPF
GmbH + Co. KG
Germany

T KOSTAL

Kraus
Solar Automatisierungs-
Electric technik
GmbH GmbH
Germany Germany

IndraLogic
GA (B-BC)

C-FEC
United
Kingdom

Measure

Notificatio) DMS AG

Switching

. Germany
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OPC UA Server on Rexroth Controls since IndraWorks 12VRS
HMI data exchange of PLC variables via OPC UA

o ——" = AR © v

WinStudio in- - -
TridraWorks OPD™
= = - Mobile Apps

OPC UA Client

_
Customer HMI
Software

(third party)

OPC UA Client

Mobile

e OPC UA Client

WinStudio

OPC UA Client B
| OPC UA Client
I
TCP/IP | OPC-UA communication
XLC/MLC/MTX
- OPC UA
== Server
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OPC UA Server and Client communication preview

Next steps to Industriy 4.0 ...

Vertical and horizontal
exchange of OPC UA
data

Request service directly from MES
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OPC UA Benefit -- Platform independence

Desy Zeuten - mid size prototyp application “CTA”

CTA is one of the major ground-based astronomy projects

being pursued :

» Designed for y-ray observations

» Prototyp running since 2013 in Berlin — Adlershof.

= All telescope instruments (e.g. camera, mirror control,
weather station) are connected to the server via OPC UA

= Construction of 120 telescopes planned in 2016 all over
the world (25 mid size telescopes)

MLC Linux-Server

=

OPC UA Cllent

v

Telescope Control Server
for data collection
and data administration

More details: https://accelconf.web.cern.ch/accelconf/icalepcs2011/papers/mopmu026.pdf
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Connected Industry @ Bosch Rexroth

How Will i4.0 Change Our Day-to-day Work?

|
‘ ‘ We need new software! Customers will enjoy shorter

deli very time.

Integrated engineering across the entire
process chain. Less manpower and

Q uality will better technology and

machines will give the
Improve. production process

o : : , more power.
Commissioning engineers and service personnel won’t

need to travel as much, as it will be possible to connect to
the machine directly via the internet.

More flexibility is needed.
Personalized order

Highetr Ievzl of s;angardization of with lower COSt is
products and production processes. e , ,
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Connected Industry @ Bosch Rexroth

Connected Industry: Example Homburg Plant (HoP2)

El)) ;:/;/[;7
~S : RW Lt
%:%;%;M
‘\W ‘\ 0SC rou
Supplier Y &ﬁ"\ I:LE?
N

LEAD OPERATOR

Manufacturer S _ 857 ,
TSl Product manufacturer view /

Product view

Customer

+10 % .
Stock I

reduction

Productivity

AT
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Connected Industry @ Bosch Rexroth

Challenges from Huge Products Variation in HoP2

Initial situation Target state

* Mono-assembly lines for = Multi-product line for 6 product
11 value streams families

= Low agility = High set-up = Lotsize 1

times .. . .
= Autarkic, intelligent station,

= High effort for production knowing it's processes and
control i features

= High leadtime / stocks at = |ntuitive and flexible user
block assembly interface

= |ong training period of = Handling the high complexity in
employees processes

=6 product families, 200 valve slice variations and more then 2.000 components
=Smart Multiproduct Line to manage variance and productivity
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Connected Industry @ Bosch Rexroth

i4.0 Concept @ Homburg Plant

Autarkic, smart working Deviation & malfunction

bench mana_gement
(horizontal integration _ (working schedule
to layout)

\ ')'(_s configuration)

Smart connected

activeCockpit
(BPS / CIP integration)

User identification &

adaption —
(language, qualification) ‘ —

alll

Pttt e i
i

©

Self guiding product |::|
(configuring bench and ﬂD

process)

Connecting worker, machine & product to manage product variance
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Connected Industry @ Bosch Rexroth

First Success @ Homburg plant

Cash flow Capital
return turnover

Key
performance
results
(KPR)

Current
assets

Turnover

Flexibility
(quantity)

Value stream
Key perform.
results (KPR)

Inventory
[days]

3.5

3

2.5

2

1.5

1

0.5

2014 ' 2015
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Connected Industry @ Bosch Rexroth

Industry 4.0 Award for Significant Productivity Improvements

.

z
Z
g

N &

21

(1) [ y
& 1A
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© Suddeutscher Verlag Veranstaltungern @mbH © Bosch Rexroth AG

= Award for Best Integration of Human, Process, and Machine

= Holistic and cost efficient implementation has led to significant
improvements in productivity

= Qver 200 different hydraulic valves are assembled within a single
value stream
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Connected Industry @ Bosch Rexroth Homburg

Next Steps: i4.0@HoP2

Start Level Migration Level 1 Migration Level 2
(Pilot Application, (Pilot 1 4.0 Value Stream & BPS) | *== Pilot HoP2 IPN 4.0 WujP, S ‘
Connected Value Stream Ny ; :

& BPS

Connected International
Production Network &

Locations
Smart Automation N
Connected
—> Assembly
Line
\_ Y,
2014 2015 2016 2017

Projects to continuously improve competitiveness
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Connected Industry @ Bosch Rexroth

i4.0 @ Bosch Rexroth in China

Internal
Link Wujin Plant to i4.0 production line in Homburg

i4.0 Coating line for PCBA for Frequency Converter
put into operation in Xi’an Plant

Prepare i4.0 production line for hydraulic pump
in Beijing Plant

External

= Support the engineering development of
i4.0 system at AMTC Tongji University (Shanghai)

=  Automation partner of GAMI (Suzhou) to establish an
i4.0 innovation workshop in China

Rexroth
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Demonstrators for Industry 4.0

Integration Platform Smart Automation

14.0 aspects

= Set up in cycle time
(individualized production)

= RFID (UHF) used for “self
guiding product”

= Modular design; autonomous
stations

= Energy efficiency by monitoring
and management; shutdown
phases e.g. for the belt
conveyor

= Using QR-Code for product
identification and to offer
services accordingly

Integration Platform to combine Rexroth technologies

innovative solutions towards 14.0
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Bosch Rexroth Factory Automation for i4.0

Summary
Market Demand Your Success Our Solutions
: = Higher productivity » High efficiency (CNC @
Volatile markets High flexibility metal cutting industry)
= minimize set-up time = Semi or full automation (TS
Individual customer = smart individual & Tightening)
requirements work piece in/out » Open & user-friendly
Quality improvement platform (Open Core

engineering)

Shorter delivery Real-time & preventive

W ES

Low inventory

service » Product lifecycle
management (Connected

- Reduce dependence on T,
Shorter product life E&‘“ Elaer = Integrated solution from
cycles L —> v Bosch (Rexroth, APAS,
S Del INST...)
uality, Cost, Delivery . .
Customer behavior improved! Proven user experience

(Homburg plant, ...)

We offer proven smart solutions, not pipe dreams!
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Connected Industry Reerth
Industry 4.0 Bosch Group

Thank you for your attention



Hydraulics fit for Industry 4.0
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Industry 4.0 for Hydraulic

14.0 aspect
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i4.0 BETy
Industry 4.0 for Hydraulic comecreo il o
INDUSTRY NEERING BOARD

TE4.00KEE - R EERIRIHE A4 o =

As a modularly designed series
configurable ABPAC hydraulic power units are
networkable made up of standardized modules

Exactly

S

energy-efficient and are optimized for Industry 4.0,
with features such as:

Decentralized intelligence

Open interface

Connection to mobile devices
such as smariphones or tablet
PCs
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videodb_4342_76107_5991415_16x9_hq_ABPAC.flv
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Industry 4.0 for Hydraulic

Auasgiin Farcoh

\ - Fachina
) INDUSTRY 6']57
Software for a. IS

quick networking Together with digital Remote diagnostics
control technology and condition

monitoring Drives with
decentralized
intelligence

L o Hydraulics
EasBE IR A LY BN RS

fit for
Matched
Electro-hydraulic Industry 4.0

Elect ro-m/’g‘gha nical B SR RS

WA A SRR - R
Rexroth
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Industry 4.0 for Hydraulic

Ready-to-install servo-hydraulic
axes have an integrated fluid loop
and are driven by the same servo
drives as the electromechanical
versions. Since axes are
encapsulated systems, engineers
must only connect power and
communication cables for
assembly and start-up, and start-
up can begin. Everything else, for
example the parameterization
values determined from
simulations, are already stored in
the drive software and support the
plug & run philosophy

Rexroth

34 as well as in the event of applications for industrial property rights. BOSCh GI‘OU p
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videodb_4342_69270_4327843_16x9_hp ServoCy.flv
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Motion Control (Bus system) -

Rexroth


videodb_4342_69270_4327927_16x9_hp_ProductLine.flv
videodb_4342_69270_4327927_16x9_hp_ProductLine.flv

Industry 4.0 for Hydraulic

Hydraulic Motion Control
Intelligent hydraulics ready for networking

14.0 Optimal control of
CONNECTED
- ’,f;.l‘“\'\‘\\\\‘ wousw | electro-hydraulic axes
'_‘"'?.’t' ."‘\\\\“‘ : The new VT-HMC motion controller
& | [ is a digital control system featuring

a built-in axis controller and
IEC61131-3 programming. A

motion-logic system specifically
} optimized for electro-hydraulic axes
— with open programming and
interfaces, it is future-proof,
scalable, and simple to use.
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Industry 4.0 for Hydraulic

Integrated Axis Controller

IAC

IAC (Integrated Axis Controller) is
designated as a digital controller
integrated in the valve with control
algorithms with the necessary

sensors for:

» Pressure, force control

! ’ " . Position control

» Flow control

-

Etheri‘et/IP EtherCAT‘:w i
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Support the following bus systems:

Sercos

the automation bus




Industry 4.0 for Hydraulic

The intelligent ABPAC standard A hydraulic power unit as it should be: tzg
power unit: configurable intelligent, customized, cost-optimized A

networkable, energy-efficient

Hydrautic power units for machanical engineering are being subjected to higher require-

aever. Your entry into Industry 4.07

LS

Asgrmerts = Gealty showns you maw addiic
R =l Irsorrmtion. Al you need B 3 wrars
i Phome of abiet @ adrokd or Appie) aad tite
P of Janio.

L firel siep i 2o dow nicad the e 3P of Jansic

2 Areraciivetion af e spp, pleae choose chanme |
“ASPAC brochure

1 Now Sold the Camers SSove sy @ chon sged w ih Bw
AR mymtol snd wat wetl the ixtecsctive JD eror-
Tator n splosded

Otteow e o tie OR code telow 1o ot dmcly % e
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ments thanaver before: they should be powerful, erergy-e fMcent, and quicky avalisbie,
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