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Pump-Injector-System

edirect injection into the cylinder,
high injection pressures,

«low consumption, .
*a lot of noise Piezoactuator “mm“.

Pressure

Piezo stack actuator for
Piezo-pump-injector-technology

Piezo-pump-injector-technology
with mechanical leverage of stroke

Source: Volkswagen-Mechatronic

ﬁ Fraunhofer ﬁ Fraunhofer New modular piezo actuator with

IwWu IKTS built-in stress-strain transformation



ISPA 2009 International Symposium on Piezocomposite Applications
September 24th — 25th, 2009, Dresden

o Feder

Piezokrafte, 60 mJ, SVN = 150 mum Lt
-_— &
F Gehause
m— =F_slekirisch_Eenduse_TIm
F_slekirsoh_Genduse_sIm
b i F_elekirisch_Genzuse SImd
3 — F_slekiniseh_Genause A0ml
b | [ R 11 F_AUflapersumme_Pezo
] 3 P
= [FRI 5 . y.
E' ™ b [ F i
= b, [ he M) 1% A
% Y B N L rd
T [l
- i e B d
B [l = L
1 - - s ¥
I NN AR Ly
E& [ 2 2 _E_h.
= e 3 Dlcateratt . =360
LT iHEELEEDEE I N T PRI DlChtiratt oo o = 50 b
A 1 i L
K =
- LT &rhuﬁ|'—.f 10 20 20 4D
getadchiicher Wog des Plezostaske somum o [ ventiianechiag |, . ..ol Hodensiatis DR Hebal-Akior

A

Federschalbe

Lagrhub S

Source: Volkswagen-Mechatronic

Habal-Ventiinadel e

..r'f
Habalaullage

Vanlinadel I
ezt o

M
o 08

New modular piezo actuator with
built-in stress-strain transformation

— Fraunhofer ZZ Fraunhofer

IWu IKTS



ISPA 2009 International Symposium on Piezocomposite Applications
September 24th — 25th, 2009, Dresden

Piezo-Pumpe-Diise - =
Upiezo und lpiezo Mittenvergieich
o —
Source: Volkswagen-Mechatronic M
[ ey
i f "\ A T
L , e, ;.l
1 ms
— — : :
ﬁ Fraunhofer ﬁ Fraunhofer New modular piezo actuator with

IwWu IKTS built-in stress-strain transformation



ISPA 2009 International Symposium on Piezocomposite Applications
September 24th — 25th, 2009, Dresden

Requirements

- small number of component parts

hmax =200 Mm - light weight

_ - simple producibility
I:max = 200 N - low costsl
tP 1 ms Modular System

max. ldea.
scale: 20x20x30 mm?3

Actuator system with built in
stress-strain transformation
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Design and preparation of actuators
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active component active component
O joint —— case, fixed point
<> active (piezo) component — transmission
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transformation of stroke |transformation of stroke
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O joint — case, fixed point
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C-BLOCK, BOW ACTUATOR

sheet metal

As the basic component for the actuator System
was used composite bow actuator
(PZT foil sintered on a curved sheet metal)

AN W PZT foil
“ ]
A \ following parameters should be changeable:
: ff R 4 R - Radius
|| . A - Angle
& e . W - Width
TP - Thickness of the PZT foil
- TS - Thickness of sheet metal
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Steel sheet metal Piezo ceramics Bow Actuator
(Basic Component)

Thickness: 200 pm Thickness: 200 pm Radius: 40 mm
Width: 20 mm Width: 20 mm Angle: 45°
Length: 31,4 + x mm Length: 31,4 mm Length: 31,4 mm

Height: 30.61 mm
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PREPARATION of BOW ACTUATOR

laminating Laser
process cutting

process

Sonox P505
CeramTec ceramic
green tape
thickness of 0.1mm

Sintering
process
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PREPARATION of BOW ACTUATOR

D
D |

Sputtering
of electrodes/
Poling
process

Curved piezoceramic
+

precurved steel sheet

greecyanacrylate loctite 454
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CHARACTERIZATION of BOW ACTUATOR

Measuring of stroke h (in no load
operation):

U:0V..400V..0V

EEiL]E 2:${.‘ 34]15" 3%{.‘ 4+L" 450
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CHARACTERIZATION of BOW ACTUATO

=G . —

. — Steifigkeit bei U=400V
Force sensor: Kistler 500 N fi\ ontereaior
Charge amplifier: Kistler 5011 | | ' ' '
Laser interferometer: Zygo '

Measuring of stiffness #»

Measuring of blocking force
U:0V..400V..0V

free stroke

load line
clamping
Stroke
Fr=19..35N!
_— — . .
% Fraunhofer ﬁ Fraunhofer New modular piezo actuator with

IwWu IKTS built-in stress-strain transformation



ISPA 2009 International Symposium on Piezocomposite Applications
September 24th — 25th, 2009, Dresden

Construction of a
modular actuator system
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2 TYPES of ACTUATOR REACTION

w-type: actuator writhes

If voltage U >0
s-type: actuator stretches

N

\

uU=0
w-type
uso |
/ t\ w-type- s-type-actuator
: s-type actuator (piezoceramics
(piezoceramic exterior,
s interior, interior steel)
exterior steel)
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INTERCONNECTION of SIMILAR BASIC COMPONENTS
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Factor for
hmaxn n Fmax
1 1 1 r r 1
w-type basic component _ (mechanical) series connection
Interconnection of =2

basic components

(mechanical) parallel connection series-parallel-connection

p=3 r=2, p=2
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INTERCONNECTION of VARIOUS BASIC COMPONENTS

w-type-actuator
s-type-actuator

prestressing with joint on top
2
1
Experimental Setup
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SPECIAL SHAPES of INTERCONNECTION of BASIC COMPONENTS

—— > Stroke > 500 Mikrometers

1 mm

Quadrant Kinematics
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JOINING TECHNIQUES for BASIC COMPONENTS

* Spot Weldir_lg It is essential to design the basic
- Laser Welding ~===p components for these joining techniques

. Clinching\
" Clinching

Actuator 1 Joining flange Actuator 2
\ |
B @ -
Joi_ning \/-
point Design of joining flange &
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Summary and Outlook
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> Piezoelectric composite bow actuator with inherent
stress-strain transformation

»  Basic components are curved piezoceramic foils,
laminated with steel sheets

»  The high level of performance allows to adapt these
actuators to a wide range of applications

»  The current work includes the optimization of the
system

»  Future projects will include studies on miniaturization
of the actuator for example for use in medical
engineering
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Thank you for your attention!
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