Seminar in Aeronautics

CENTRO DE
PESQUISA E INOVACAO

SUECO-BRASILEIRO BraSi“a’ May 16, 2016

/)
“lCISB

LIU-UFSC-SAAB cooperation on efficient

hydraulic systems for aeronautics

Prof. Victor J. De Negri
Federal University of Santa Catarina
Department of Mechanical Engineering
LASHIP - Laboratory of Hydraulic and Pneumatic Systems

EMC - UFSC
) ) GEED 'P
— UFSC . 0
e —

- | D HYDRAULICS & PNEUMATICS




Outline LASH P

HYDRAULICS & PNEUMATICS

» The Starting Point of Collaboration

» Industry-Academic Collaboration — Brazil

» Speeches about University-Industry Experiences
= Organization of Swedish-Brazilian Workshops

= Collaboration on Research Projects

= Ongoing Project: Efficient Hydraulic Hybrid Systems for

Aeronautical Applications

= Next Steps
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Fluida och Mekatroniska System

The Starting Point of Collaboration FIUMGS LASHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

= February, 2011 — S&ao B. do Campo, Sao Paulo
» CISB - Brazilian-Swedish Research and Innovation Workshop Il

* Meeting between FEI - LiU - UFSC - UFABC

Engineering Collaboration

Startup of joint activities between Petter Krus (LiU) and Sustainable Mobile Mechatronic Systems

Linképing University, FEI, UFSC, UFABC

Victor J. De Negri (UFSC) on the field of fluid power
systems, design methodology, and aeronautlc
applications :

CIS8 - Centro de Pesquisa ¢ Inovagio Sueco-Brasileso

Dates & Verue

May 17 8 18. 2011

IS8 — Cantro de Pesquss o howcio Susco-Basdere
AA.EE - Assonaeic Cameradl ¢ ndusingi de Sdo Semaros do Camgo
3 do Imperador. 14 Sdo Bermardo do Campe - Sio Pauo

Twesday. May 17™ F
1000 Reglsrasen
030 Introduction to C158 '"w & Members

Partun de Laval, Chef Technology OFcer. SAAS

1042 Modus Operands of CIS8: Byaws & Open imnouascn Management
mher New

Gracema A e Al
Bt Rondan Execudt -:-.1.:%«. b v raten CISE

£ = May, 2011 — S&o0 B. do Campo, Séo Paulo

0 Berter Lunch

e ».Inauguration of the Swedish-Brazilian Research and

1248 MO--' Owterce L Securry
Tareiso Taah W Fresdent Alech

1830 Coffer Bowak

Chatie no- u-w-.“lnll-“
weea, Hens of Dnksion. Royal instiute of Techner,

s Ustan Chur.r
Paut Chaieman of Caty |

18 15 Discussion & Concluvion
1797 Clonrmg notes
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Fluida och Mekatroniska System

Industry-Academic Collaboration - Brazil FIUMCS LASHiP

Fluid and Mecl S HYDRAULICS & PNEUMATICS

= March, 2013 — Sao Paulo — Centro de ExposicOes Imigrantes
* Meeting Industry-Academy: Teaching and Research on H&P:

 From industry: Hydraulic Designers; AT Automacéao; Moog; RKM; Schulz; Airzap;
Bosch Rexroth; TCT-Treinamento; ABIMAQ

 From academy: UFABC (Prof. Luciana Pereira); FEI (Prof. Agenor Fleury);
Linkoping University; UFSC

Few research on
fluid power systems
and components

heoretical emphasi

Lack of product
development in industry

Technology from abroad
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Fluida och Mekatroniska System

Industry-Academic Collaboration - Brazil FIUMC LASHIP

HYDRAULICS & PNEUMATICS

» ABIMAQ/CSHPA (Chamber of Hydraulics, Pneumatics, and Automation
Systems)
 Discussion about:
 Actions for Teaching, Research and Innovation
* Opportunities for R&D funding in industry

Results from
research

University

Research
Researchers Knowledge
Graduate

Students Masters and PhDs

Knowledge

Teaching

Undergraduate Engineers
Students
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Fluida och Mekatroniska System

Speeches about University-Industry Experiences FIUMCS LASHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

= COBEM 2013 - International Conference on Mechanical Engineering
» Special session Organized by LASHIP/UFSC & Sponsored by ABIMAQ
* Ribeirao Preto, SP
* Invited speaker: Prof. Petter Krus =
» + 2 participants from FLUMES/LiU ‘?] ;mg‘ Sl e ORAL SESSION

{ruesoay

Special Sessions on and

8:00 8:20 Component sizing study for a light-duty series hydraulic hibrid vehicle  Katharina Baer
in urban drive cycles. Linkaping University - Sweden &’
8:20 8:40 li hnology for machineri ding to NR12 - il Rodrigo Rodrig
standard for machineries safety. Makoto Yokoyama Rexroth
Bosch Rexroth - Brazil
8:40 9:00 Actuation and supervision wireless of pneumatic actuator trough Adauto Granja prre
ZigBee protocol and Arduino. Paulista University / UNIP - Brazil il
9:00 9:20 Use ol surface electromyography to control an active upper limb Joao L. A. Souza Ramos
ic artificial muscles and optimized Pontifical Catholic University W
with genetic algorithms. of Rio de Janeiro / PUC-RIO - Brazil
9:20 9:40 Field busand p ic systems for i al i Fébio Rosa de Oliveira <
Camozzi do Brasil - Brazil Aoz
9:40 10:00 Development of a fatigue testing machine using a pneumatic artificial  Juan G. Castillo Alva 3-
4

muscle. Pontifical Catholic University
of Rio de Janeiro / PUC-RIO - Brazil

Hydraulikdagar 2012 - Innovation och globalisering

Sweden, April 17— 18, 2012

« Hydraulikdagar 2012, 2015

FLUID POWER IN BRAZIL: Market, O rtunities,
* Organized by FLUMES/LiU
] Victor Juliano De Nggri‘ ,D‘ Eng. ]
 Link6ping, SE A ead of Daparimant of Nechanieal Engineoring

Coordinator of LASHIP - Laboratory of Hydraulic and Pneumatic Systems
« Invited speaker: Prof. Victor De Negri

| pox LASHIP orag

‘Hydraulics .!
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Speeches about University-Industry Experiences FluMeS LASHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

-
= Workshops organized by UFABC: A7)
« Chairperson: Prof. Luciana Pereira iLab@UFABC —
« Speakers: Prof. Petter Krus, Prof. Victor De Negri 7 '

- May, 2014 - Workshop - Technological Innovation Challenges i
Building Bridges Between Academy and Industry

- sty of ABC on:
niversity o! orkshop o7
i Fege;;::&mw«ﬂ"

sty = 1 jon Challenges:
. Jechnological |nm:::‘ :c demy and Industry
* November, 2014 - Workshop on Design and Product s e 5o
. . . . . oG | e m%uqu
Development for Innovation: connecting people, disciplines, [ e :..::«T;....-..M

and ideas.
« November 2015 - Workshop Systems, Product Development | = s mm

J4hiS10 130 Dr Lilans Buratowei Nohara, Engneering Deveiopment Manager, Altec Materias Composios, 880

and Innovation e L B

150301016100 Coffee Ereat

. Panel 2 Hom to put Innovatian into action?
Research Collaboration for e
o
» Future Capabilities
(j &ﬂ,gﬂ,ﬁ Petter Krus
] cre o Swedish Aeronautics Chair at ITA/
Workshop - Systems, Product Development and Flui ic. Systems
Innovation

Undergraduate, Master's and Doctorate Students Involved
on Academic and Industrial Projects

Federal University of Santa Catarina LINKOPING
Technological Centre I.“ UNIVERSITY

Mechanical Engineering Department
Laboratory of Hydraulic and Pneumatic Systems

Prof. Victor Juliano De Negri
Santo André, November 13, 2015
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Fluida och Mekatroniska System

Organization of Swedish-Brazilian Workshops FIUMGS U\SH|P

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

= Workshop on Strategic Actions for Engineering Teaching and Research
* November, 2015, UFSC, Floriandpolis
* Visit to Sapiens Parque and FIESC

14 speakers from:

%
FAPE LINKOPING
o) SC Ilo“ UNIVERSITY.

UFABC 198

November 16 - 17, 2015

EMBASSY OF SWEDEMN Federal Umver5|ty of Santa Catarina, Floriandpolis, SC, Brazil
Brasilia /. ¢ Auditorium of the Department of Mechanical Engineering (Building A)
\ :}/ Ce l Organized by Department of Mechanical Engineering of Federal University Santa Catarina (EMC/UFSC) and
Department of Management and Engineering of Linképing University (IEI/LiU)

Organizing committee:

WB Prof. Victor J. De Negri Prof. Acires Dias Prof. Petter Krus
T — luida och Mekatroniska System
e °
UASHiP nedio
HYDRAULICS & PNEUMATICS
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Fluida och Mekatroniska System

Organization of Swedish-Brazilian Workshops FIUMCS LASHIP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

. | &,
» Workshop on Innovative Engineering for Fluid Power _
« 1St WIEFP, 2012, ABIMAQ Headquarters, Sao Paulo iLab@UFABC

» 21 Speakers, 8 from Europe and USA Swedish-Brazilian I
.. Workshop on Innovative Engineering

e« 52 par“ Cl pants for Fluid Power and Vehicular Systems

May 14-15, 2012, S3o Paulo, SP, Brazil

Organization and Sponsoring

~lCIsB =

Organization

9 @ &=

i=: & 0

““““ o (COR .\
WIEFP
1
2014 © sans

The purpose of this workshop is to bring together

nd . industry and academia, from both Brazil and Sweden,

2 workShop On lnnomtlve interested in this rapidly evolving multidisciplinary

N field of fluid power, drives, actuation and control
Engineering for Fluid Power: \ksvstems for vehicles. )

Applieations in Aireraft, Vehicles, and Energy

B supramber 23,200 « 2" WIEFP, 2014, ABIMAQ Headquarters, Sao Paulo
F o « 22 Speakers, 5 from Europe and USA

$30 Paulo, SP - Brazil

° . . - -
m ¥ & - 55 participants
OFSc  wwweiwen  UFABC  (CIS

ABIMAQ

[ — o "
WUASHIZ  FluMeS weurasc W

......
LA ‘ SAAB [ reivax
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Fluida och Mekatroniska System

Organization of Swedish-Brazilian Workshops FIUMCS LASHIP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS
&y,
= Next WIEFP: October, 2016, Florianopolis, SC, Brazil iLab@UFABC
= 3rd WIEFP: TG e
_ ==t WL S 7701\ | ABIMAQ )
+ Organized by: ﬁ@z 0 O MBEES ) Aciselm

UFSC Linkiipin; Gniversity UFABC

» 24-25 October 0 WI EFP g

- -
« Invited speakers from industry and academy SR ML ISR N

» Audience: Industry and academy professionals; Undergrad. and grad. students

= Oth FPNI Ph.D. Symposium
N

 Organized by:
¥ SR ;
UFSC \ -
. 26-28 October cpNLIBS oo
Sy O m\,\s‘s‘:‘ea

* Invited speakers from industry and academy ,’J
» Paper presentations by Master’'s and Ph.D. students
« Audience: Graduate students, researchers, and professors

T
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Fluida och Mekatroniska System

Collaboration on Research Projects FIUMCS LASHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

» Research Projects:
» Speed governor based on condition monitoring for early fault detection

»® __ Qcne
REIVAX @ 9

* Prof. Petter Krus: 2 weeks in Brazil o
* Ph.D. Student Robert Braun: 1 month f

» Hydrostatic Transmission for Rotor—Generator Coupling |
» Brazilian Master’'s Students: Eduardo Flesch & Henrigue Randuez l
» Swedish Master’s Students: Jonatan Turesson & Joel Rapp

i

TFunvics WNSHiP [ ReivAX

HYDRAULICS & PNEUMATICS

= —Darker
FAPESC

ned’o
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Fluida och Mekatroniska System

Ongoing Project FluMeS U\SHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

Efficient Hydraulic Hybrid Systems for Aeronautical Applications

§

Science Without Borders Program @c’qu

Iho Nacional de Desenvolvimen

Cientifico e Tecnolégico
CISB calls

Cooperation between Brazilian and Swedish researchers

* Professor Petter Krus, Linkdping University

» Professor Victor De Negri, Federal University of Santa Catarina
« Dr.2 Birgitta Lantto, SAAB AB

Ph.D. Students:
* Cristiano Cardoso Locateli
 Henri Carlo Belan

PostDoc:
e Lie Pablo Grala Pinto
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Fluida och Mekatroniska System

Efficient Hydraulic Hybrid Systems for FIUMCS WN\SHirP

Aeronautical Applications ITEETIENAIETETIN  HYDRAULICS & PNEUMATICS

= Development of innovative hydraulic systems with
increased energy efficiency for aircraft onboard systems
» Focus on flight control actuation:
» Actuation systems
» Hydraulic power unit
» Impact on the aircraft hydraulic architecture

Lantto, B. (2015)

» Energy losses
« Equipment with higher efficiency may lower its own weight

» Energy losses often increase total aircraft weight/fuel
consumption. Increase of:

» Cooling system and piping
« Ram air channels and drag
* Remaining (hot) fuel in aircraft after landing
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Efficient Hydraulic Hybrid Systems for

Fluida och Mekatroniska System EMC- UFSC | ——

FluMeS UASHiP

Aeronautical Applications ECPCRIETITIETITNE  HYDRAULICS & PNELMATICS

Standard Hydraulic Circuit

New Architectures

I - - "= -=-"=-"=-"=-"=""=/-""=/-"=-"=-""="="= ~ |- - - - "= "= -=-"=-"=-=-=-"=-"=-7
|
! Actuation : | e -
| System | e ’jA B
: | | ! Vien
I [ | 1 : Right 21
I System :

Aassis . s
I 1v2 T V2 : : SLeft l:%‘

Bypass ystem ;
| | [ T V\;,:I)ves : | > \Tézl
: R 1 Y
I :r v1 T >< I avi >< | : Tank [} E
e XAl AL X | Ve e[ [E [ e
Fr=—==-H~ """ TT5-~"""- - Bk ikl
| | i | i | I
| Lo D | |
| J: 1c1 LE 201 : [ +
T | I
I : I
[ : [
I Left Right : I FDP |
I = ____lsystem —----- I
: ] JSystem ', System : :
[ : [
I Hydraulic Power Unit : I
Uy g g A DS USRS U PRI RIS U AR U —— ' L oo oo oon o o em e mm e mm e e mm e e e e l

CISB - Seminar in Aeronautics 2016 14 of 25



Efficient Hydraulic Hybrid Systems for

Aeronautical Applications

Fluida och Mekatroniska System

FluMeS UASHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

= Actuation systems based on Digital Hydraulics

» Multi-chamber cylinder

Twelve on/off-valves

Two different high-pressure lines
Two low-pressure lines
Accumulator

Power
System 1

»
»

Pressurized

P PB
Reservoir1 [, E_‘ Ps2 E_‘ Sp?cwerz
ystem
s .
1V. 1V 1v 1V. .
l_aPA 3P 7\ 3pC 3pD Pressurized

ovi Lot 1 — Av4 0V2 Reservoir 2

d

2 - .
= Leowd Lo L ow Lowd =

[kN]
S

Force

L PhD Sudent (2014-2017)

Henri C. Belan

- == [35.0,26.0, 0.75] 100%| -
= —[20.0,13.5, 0.75]  40%
= ——--[13.5,45.0, 0.75] 20%]| A
.............. [ 8.5, 6.5, 0.75] 10%
- - -[45, 3.0, 0.75] 5%

|[ Ps1, F?sz; ps3]I MPa

10 20 30 40 50 60 70 80
Ordered Discrete Forces Available
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Efficient Hydraulic Hybrid Systems for
Aeronautical Applications

Fluida och Mekatroniska System

FluMeS UASHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

= Preliminary theoretical results
* Energy losses are 20.4 % of a standard system

. . p@ Ps S
* No resistive throttle control P ng
. - Righ I v i [
= Characteristics: Syseem e
g Ps1
* Isolation between Hydraulic Systems 1 and 2 f o)
Left O
+ Optimal choice of supply pressure for the load Srtem T
« Two or four chambers can be pressurized . =
V[ [ [ [ET
120 ,
€ —— DHA ]
£ 110F — Proportional System .
= L N R Reference -
o
= 100 7
§ i
90 ! ! ]
3 3.5 4 4.5 5 5.5 6.5 7 7.5 8
500 T
E 4001 100 % (ref) -
g 300l (Proportional System) |
25 200} / 20,4 % _
o (DHA)
S 100f [ e
~ g T T T pm— T T - ! ! ! !
3 35 4 45 5 55 65 7 75 8
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Fluida och Mekatroniska System

Efficient Hydraulic Hybrid Systems for WN\SHiP
Aeronautical Applications u INDRAULIGS & PNEUMATIGS

= Testrig at LASHIP/UFSC

. P.roof of concept | - zmz )
* First measurements in May, 2016 b .- . el

R 1L
b))
Load

mass

Load
spring
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Efficient Hydraulic Hybrid Systems for
Aeronautical Applications

Fluida och Mekatroniska System

FluMeS UASHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

= Position control with Digital Actuators

« Switched control theory
* Linearized system with time delay

u(t)

—>1

System

Ay

o

e

Logic

| PostDoc (2016)
Lie Pablo G. Pinto

» Quantization due to valve selection:

Force [kN

~o 10 20 30 40 50 60 70 80 90

Pressure steps

* Preliminary results:

Position contr

ol

/

Time [s]

—— Add_1, out, Value (10)
| —— digital_hydraulic_quantization, force_selected, Value (10)

Force x Quantized force

e £

N AT

oooooo
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Fluida och Mekatroniska System

Efficient Hydraulic Hybrid Systems for WN\SHiP
Aeronautical Applications Py u INDRAULIGS & PNEUMATIGS

» Hybrid Hydraulic Power Units ,

 Innovative designs for hydraulic power supply units PhD Sudent (2014-2017)
- Improve the energetic efficiency: Cristiano C. Locateli

» Cruise speed: Variable Displacement Pump working at low volumetric displacement,
low flow rate, and high discharge pressure: LOW EFFICIENCY

Overall efficiency of the

Typical hydraulic circuit (Simplified view) variable displacement pump

o

o
o

Backup 2 Backup 1
A
et
= @=0 @—‘
Engine,

Running normally Running normally Not running Not running

o

—

Overall efficiency [-]
o
N

Primary system

Secondary System

Displacement [-]
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Efficient Hydraulic Hybrid Systems for
Aeronautical Applications

Fluida och Mekatroniska System

FluMeS UASHiP

Fluid and Mechatronic Systems HYDRAULICS & PNEUMATICS

= Hybrid Hydraulic Power Units

- : Energy save (%
Alternative designs gy (%)

Line All System

| %{? + 25,4 12,4
@

+ =) 205 10,0

+ e =CH() 22,0 10,7

+ ()= 25,0 12,2

PhD Sudent (2014-2017)
Cristiano C. Locateli

Overall efficiency of the
variable displacement pump

LEOW Prgessureé

- -
' H H
o“J ................................................................... ferrerennnennds

LI L B I N BN N I B
0.6
Displacement [-]
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Efficient Hydraulic Hybrid Systems for WN\SHiP
Aeronautical Applications Py u INDRAULIGS & PNEUMATIGS

= Current Status:
» Project being executed by PhD students and PostDoc
Financial resources for personal mobility from CNPq, SAAB, CISB

Financial resources for test rig construction from Brazilian research call (FAPESC)
and LASHIP/FLUMES resources

System Test, Launch

& Operations TRLY9
: : : : —— TRL 8
Proof of concepts being built at university . SystamiSubsystem i
Focused on the application requirements N TRL7
L Technology =
Demonstration L
Technology
Development

Research to Prove
Feasibility

Basic Technology
Research
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Next Step: Case 1

Fluid and Mechatronic Systems

Fluida och Mekatroniska System

FluMeS UASHiP

HYDRAULICS & PNEUMATICS

» Joint Brazilian-Swedish calls from research agencies
» Resources for test rig construction

Scholarships for undergraduate & graduate students

Team mobility: Experiences at SAAB. LiU and UFSC

Expand the research activities

Proof of concepts for additional research problems

» Projects of small or medium sizes
 Allows to keep the team working
« Contract direct with the professor: less bureaucracy

CAPES @c’qu

%

= TRL 3,4

m AN

FAPESC

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research
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EMC- UFSC " —

Industrial Research Project Funded by Research Agency LASHiP

HYDRAULICS & PNEUMATICS

. : Brazilian Research
University @ Agenc
CAPES @CNPq ‘ y
FAPESC | Agreement |

Abroad Research

Research
Group

. |lAgreement |

Professor

Abroad Unlver5|ty

Non-financial resources
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Next Step: Case 2

Fluida och Mekatroniska System

FluMeS UASHiP

Fluid and Mechatronic Systems

HYDRAULICS & PNEUMATICS

» Research projects supported by funding agencies and industry

* Include the study of additional requirements:
* Reliability analysis
« Safety
* Impact on aircraft weight

* Prototype System

« Use of aircraft components

» Projects of medium or large sizes
» Improve the laboratory infrastructure
 Full time participation of researchers at university

BNDES

Fine|§7

INOVAGAO E PESQUISA

VINNOVA

* Increase participation of industry researchers and engineers

= TRL 5,6

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

I

Research to Prove
Feasibility

Basic Technology
Research
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Industrial Research Project Funded by Funding Agency LASHiP

HYDRAULICS & PNEUMATICS

Research Funding Agency

&

Fine|§7

INOVAGAO E PESQUISA

General
Agreement

Support
Foundation

Abroad Research

||Ag reement |

University

‘H H‘\{\’

Research
Group \'/

Abroad Unlver5|ty
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LIU-UFSC-SAAB cooperation on efficient

hydraulic systems for aeronautics
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