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Individualized Structures
In Fluid Power Systems
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Evolution of electro-mechanical drives lr; ' TU Dresden

Introduction e Individualized displacement control e Individualized valve control e Qutlook

to distributed drives / local intelligence /
integrated safety / high level of communication

From belt transmission
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Evolution of electro-hydraulic drives lr; ' TU Dresden

Introduction e Individualized displacement control e Individualized valve control e Qutlook

to individual smart drives / local intelligence /
integrated safety / high level of communication

From todays central hydraulics

Source: Bosch Rexroth
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Individualized displacement control - levels |r; ' TU Dresden

Introduction « Individualized displacement control - Individualized valve control « Outlook

Individualization levels of displacement control systems
¢ common motor-pump-unit
applications with strictly sequential working cycles (no parallel operation)

« common motor but individual variable displacement pumps for each actuator
beneficial with other efficient drive technologies, (power split transmissions)
recirculation possible / individual pressure levels

 individual motor-pump-unit for every single actuator —
highest level of individualization and flexibility
individual pressure and speed levels / high component effort

Common Motor Individual Motors, const./variable
Common Pump | | Individual Pumps Individual Pumps, fixed/variable

Flexibility + costs
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Individualized displacement control — potentials |r; ' TU Dresden

Introduction « Individualized displacement control - Individualized valve control « Outlook

Potentials of individualized displacement controlled systems

load independent, § straight forward control,
no consumer interaction § less non-linearities,
local intelligence
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power on demand, § less cooling effort, lower noise,
energy recirculation § load prediction, predictive
maintenance
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Individualized displacement control — variety of architecture |r; ' TU Dresden

Introduction « Individualized displacement control - Individualized valve control « Outlook

Structural variants of displacement controlled systems

« depending on application, cycle, potentials
» depending on energy source / domain
» depending on investment acceptance

Closed circuit Open circuit
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Closed circuit Open circuit
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Mobile machines
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Electrohydraulic compact drives
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Individualized displacement control

Demonstrator with one-pump-circuit t g

Structure variants and possible
solutions for compact drives
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Electrohydraulic compact drives lr; ' TU Dresden

Individualized displacement control

Results

« Temperature field visualization via
thermo-camera

* Simulation based on thermo-
fluidic model

* Measurement confirms simulation

» Opportunities for increased heat

Oil and surface temperatures
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Electrohydraulic compact drives lr; ' TU Dresden

Individualized displacement control

Results
« 22% reduced temperature level
« thermo-energetic behavior can be

simulated for known load cycles
and system losses

Optimization Oil and surface temperatures
« cooling rib design % Oil temperature
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Model predictive optimization lr; ' TU Dresden

Individualized displacement control

Speed variable drive and variable pump control Rexroth
! Bosch Group

€]

* Decoupling of drive speed and volume flow control
» Additional degree of freedom

* Intelligent control strategy through model predictive optimization
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Thermo-energetic fluid-systems for machine tools “'; ' TU Dresden

Individualized displacement control

Source: GMN o [°C]
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Thermo-energetic fluid-systems for machine tools |r; ' TU Dresden

Individualized displacement control

Optimization aspects on system level
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Qe

Central Unit Supply

Rotary table

T_E1_Simulation

T_T1_Simulation

T_MS1_Simulation

Main drive _(Spindle)

p!

T

A

- Thermal connection
£+ Th. capacity C;
1 Th. resistance R;

= Heat in-/output @
@ Pump:V, p

— Hydraulic connection
O Hydr. capacity C,
= Hydr. resistance R),
7= Flow valve

w— Tank

T_E1_Measurement

T_T1_Measurement

T_MS1_Measurement

34
33

32
31
30
29
28
27
26
25

Temperaturin °C
Temperatur in °C

2
400 600 800 10001200 1400 400 600 800 100012001400 400 600 800 10001200 1400

Timein s Timeins Timeins

a) Inlet temperature simulation and measurement
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b) Outlet temperature simulation and measurement

Temperature development, simulation and measurement
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Thermo-energetic fluid-systems for machine tools |r; ' TU Dresden

Individualized displacement control

Optimization aspects on system level

Decentralized, networked pumps — Decentralized, networked pumps & heat exchangers -

Electripal cabinet Roia'ry table Main drive (Spindle) Electrical cabinet Rotary table Main drive gSpindIe)
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— Tank — Tank

) Decentralization of Unit Supply
« System design for key operating conditions according to the

specific demands and loads

« Determination of optimal, process-current control strategies
for temperature control
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Potential for mobile machines lr; ' TU Dresden

Individualized displacement control

System Architecture Example Engine Load Fuel Consumption
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Individualized valve control — individualization |r; ' TU Dresden

Introduction « Individualized displacement control « Individualized valve control « Outlook

Individualization levels of independent metering control systems

 differentiation regarding type and arrangement of the used valve technology
« common metering edges — individual spool design only
« separate metering of in- and outflow of the hydraulic working ports
» topology of individual valve groups
opens up for differential modes of operation (several free flow paths)

HE,HE

L1 e,

Central control block Central control block Decentralized valve groups
common metering edges independent metering edges independent metering edges

Flexibility + Cost

Diversity of valve technology
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Individualized valve control - potentials lr; ' TU Dresden

Individualized valve control

Potentials of independent metering control systems

efficiency in the whole operation range choice of differential operation modes
10

Normal mode | Low pressure | High pressure
regeneration regeneration
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more simple, less complex valve design independent control of motion and pressure level
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Individualized valve control — variety of architectures |r; ' TU Dresden

Introduction « Individualized displacement control « Individualized valve control « Outlook

Variety of system and control architecture
« variety of application specific
component layout or
valve architecture
» system structure combined with
control/sensor architecturé ~ = = = -

Hydraulic-
mechanic

Electro
hydraulic

N\
\
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Individualized valve control — variety of architecture |r; ' TU Dresden

Introduction « Individualized displacement control « Individualized valve control « Outlook

Variety of system and control architecture

« variety of application specific
component layout or
valve architecture

» system structure combined with
control/sensor architecture

-
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» variety of
closed loop strategies
« choosing the most
appropriate
application specific
strategy
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Cardboard packaging press — potentials lr; ' TU Dresden

Individualized valve control

Cycle and energy savings
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Material testing machine — potentials

13,
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Individualized valve control

Machine structure

Duty cycle and measurement results
with MIMO flatness based control
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Safety and availability lr; ' TU Dresden

Individualized valve control

Independent metering for power assisted steering systems
» electrical drives offer very often integrated safety functions
» leads to an easy system integration for OEM
» benefits of IM structures in steering systems:
» driver assisted steering
» high safety level due to extended control intervention

P ... pump
(psw T ... tank
LAG ... steering unit

FV ... release valve
VRP ... meter-in right

l€¢ — — —]

EE§_ VRT ... meter-out right
2 VLT ... meter-out left
= VLP ... meter-in left

= ¢, .. anglesensor
% @, -.-angle sensor

ECU ... electr. control unit
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Safety and availability lr; ' TU Dresden

Individualized valve control

Independent metering for power assisted steering systems - Safety
» behaviour in case of failure:

« a conventional superimposed steering system
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« a steering system with independent meter-in and meter-out valves
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» possibility to compensate single failures and reduce adverse effects of faulty states
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Outlook - challenges for displacement technology |r; ' TU Dresden

Outlook

Challenges in developing future pumps for individual displacement drives

rotational speed higher acceleration/deceleration rate
maximum pressure load carrying capacity
installation space & weight part load efficiency
costs dynamic response time

thermal effects
intelligent controls
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e~ | | e l
| T 7

> n = »n
n A L HS “
2
/nl A“/‘A‘

: - P

pressure pulsation
predictive maintenance cavitation
application specific intervals damping
robustness & endurance noise generation and transmission



- Fluidtechnik
Outlook - challenges for valve technology lr; ' TU Dresden

Outlook

Challenges and requirements in developing future valves
for individual independent metering architecture

metering/control of flow and/or pressure dynamic, response time
directional switching damping, linearity
integrated load check hysteresis
integrated safety resolution
robustness
availability

7

\ Yo (¢
— inherent intelligence
sensor technology
maximum pressure actuator technology,
installation space & weight monitoring strategies

costs predictive maintenance
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Outlook — communication and process control lr; ' TU Dresden

Introduction e Individualized displacement control e Individualized valve control « Outlook

Development of wireless communication technologies Egm,?
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Outlook — communication and process control lr; ' TU Dresden

Introduction e Individualized displacement control e Individualized valve control « Outlook

5G LAB

Enabler for groundbreaking development in all fields of technology GERMANY

Manufacturing | o ' ' Precision
4.0 | | B T Ta— farming

Connected ‘ oS Construction
transport 4.0

(*) jerryrushing.net/wp-content/uploads/2012/04/robotic_assembly_linel.jpg
(**) www.chip.de/news/Alle-Informationen-zu-5G-Die-Mobilfunktechnik-der-Zukunft_77349445.html
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Thank you for your attention!
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