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Features 
 Large displacement 
 High acceleration 
 Fast response 
 Force sensing capabilities 
 

Design 
 Dimension of actuator: 19.3 x 19.3 x 2.2 mm     

 Module dimension including FPC: 42 x 19.3 x 2.2 mm   

 Contacting: Polarized piezo element, the positive and the negative terminals are marked 
(see Fig. 1) 

 Contains RoHS-compatible PZT (lead zirconium titanate) ceramic (SVHC substance 12626-81-2) 
 

Applications 
Vibrotactile haptic feedback for automotive applications such as buttons, modules, and medium-sized 
surfaces. 
 

General technical data 

Parameter Ratings 
Operating voltage range 0 … 120 V 
Operating temperature powered −40 … +85 °C 
Operating temperature unpowered −40 … +125 °C 
Maximum compressive force on the actuator 
(during operation) 

20 N (force applied evenly over the complete 
surface of the flat area of the cymbals)  

Recommended minimum compressive force 
on the actuator within final assembly 3 N  

Maximum impact force on the actuator 
perpendicular to cymbal contact surfaces 
(short-term) 

400 N 

Maximum pull force on FPC during handling 
(force parallel to FPC long-axis)  

10 N 

Maximum operation frequency The operation frequency is limited by the self-
heating of the component, which should not 
exceed +∆5 °C. This is reached after about 3 s of 
continuous sine signal 0 to 120 V at 500 Hz. 

Maximum voltage change rate 1.2 MV/s 
Weight of component approx. 3.5 g 
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Electromechanical characteristics at 25 °C 

 
 
Further typical characteristics as a design reference for haptic applications at 25 °C 

1) g is the unit of acceleration, g = 9.81 m/s2 
 
 
Ordering code 
B54104H1031A001 
  

Parameter Conditions Typical 
Capacitance C 1 kHz, 1 VRMS 2.5 ±0.5 µF 
Displacement s 0 … 120 V, measured at cymbal endcaps 

without preload 
> 110 µm 

Parameter Conditions Typical 
1st resonance 
frequency 

fR 0.5 VRMS 13 kHz 

Stiffness k 120 V various load stiffness; preload 10 N 160 N/mm 

Blocking force Fb 120 V various load stiffness 
(see Fig. 3 and 4) 19 N 

Acceleration 
unipolar1) 
(see Fig. 6.) 

a Load mass 100 g, single pulse sine wave, 
200 Hz, 0 ... 120 V 

35 · g (peak to peak) 
18 · g (peak) 

Load mass 200 g, single pulse sine wave, 
200 Hz, 0 ... 120 V 

25 · g (peak to peak) 
11 · g (peak) 

Load mass 500 g, single pulse sine wave, 
200 Hz, 0 ... 120 V 

9 · g (peak to peak) 
3 · g (peak) 
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Dimensional drawings in mm 

 
 
Fig. 1: Dimensional drawings of PowerHap 1919 with FPC 
 
 
FPC details: 
 Material: polyimide flex 
 Flex thickness: 0.1 mm 
 Total thickness (flex and stiffener): 0.3 mm 
 Cu finish: immersion gold 1U” 
 Connector PN: Molex 2005280041 
 Contacting: The polarized component needs to be properly connected to the driver. Connect the 

positive pin of the PowerHap to the high voltage output of the piezo driver.  
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Typical characteristics as a design reference for haptic applications 
 

 

Fig. 2: Typical measurement of quasi-static displacement without preload measured at the cymbal endcaps 
 as a function of voltage  
 

 
 
Fig. 3: Typical force-displacement diagram for preload 10 N   
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Fig. 4: The measurement setup for the force-displacement graph in Fig. 3.  
 
In the force-displacement measurements, the PowerHap actuator is put under a dedicated pre-force 
of 10 N. The displacement and load are measured, while a voltage profile is applied (see Fig. 4) with 
Vmax equal to 120 V.  
 
 
 
Acceleration characteristics 
 

 
 
Fig. 5: Measurement setup for acceleration. 
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Fig. 6: Typical acceleration as a function of the input voltage with 100 g load. Input voltage with a half wave sinus signal 

form of amplitude 0 to 120 V and pulse length 5 ms which is equivalent to 200 Hz. 
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Sensor characteristics 
By applying a compressive force to the center parts of the cymbal, an electric signal is generated.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 7: Principle of measurement of the sensor signal  
 
For a measurement circuit with very high impedance, i.e. near the open circuit limit, this can be 
measured as voltage. The typical voltage per force is 0.26 V/N. 
 

 
 
Fig. 8: Typical sensor characteristics open circuit voltage as a function of applied force 
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PowerHap 1919 – Packaging 
 
The minimum packaging quantity (30 pieces) consists of a single tray covered with conductive foam, 
and 2 empty trays (single tray: see Fig. 9). One of the empty trays is placed at the bottom and one at 
the top. The stack is fixed with tension belts and sealed in a transport bag before being placed in a 
cardboard box (external dimensions: 252 mm x 203 mm x 77 mm). A single package can be 
expanded with additional trays (up to 10) to contain a maximum of 300 pieces.  
 
Dimensional drawing of a packaging tray 

 
Fig. 9: Dimensional drawing of PowerHap 1919 packaging tray 
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Integration guidelines 
 
1. Design guide and reference example 
General information concerning the mechanical system integration of 
PowerHap components can be found in the document “PowerHap Starter Kit 
Design Guide” (see QR code). The document details the integration of 
different PowerHap components contained in the PowerHap Starter Kit.  
 
 
2. Mechanical integration 
The actuator is to be mounted in a way so that the flat central parts of the two cymbals upon device 
operation exert forces perpendicular to the load side and the backing side interfaces, respectively. 
The acting interfaces with the opposing surfaces should encompass the whole flat central parts. 
 
Adhesive mounting of the actuator to the contact surfaces on both sides is recommended. Double-
sided pressure sensitive adhesive tapes are suitable in many cases. The thickness variation of 
adhesive tapes may be used for adjustment of tolerances in height direction. 
 
In case that the actuator is mounted without adhesion only by clamping, care must be taken to avoid 
lateral dislocation of the actuator during operation. 
 
The stiffness of the load side, seen from the actuator, should be low relative to the stiffness of the 
actuator (160 N/mm) to achieve high energy transfer and acceleration. This can be achieved by 
thinning to a membrane-like shape, or by mounting the load with flexible elements such as springs, 
grommets, or foam gaskets. 
 
 
3. Explicit warning 

 

 If under storage conditions temperature variations occur, the electrical 
contacts must be shortened.  

 

 Operation of the PowerHap component outside of the defined specifications 
will lead to component failure and/or change of component parameters (e.g., 
displacement). If the component is exposed to temperatures exceeding the 
aforementioned temperature limit (see General technical data) and no 
component failure occurs, the displacement of the component may increase 
when operated again at standard operation conditions. The increase in 
displacement is only temporary and it will relax to the previous displacement 
after a few voltage cycles. 
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Cautions and warnings 
 The piezo component must be operated in a dry, non-reducing, open environment and atmosphere 

which must not contain any chemical vapors or substances. 
 To prevent damage on the piezo component, tensile stresses must be avoided under all driving 

conditions. 
 We expressly point out that in case of non-observance of the aforesaid notes, due to reasons 

attributable to chemical vapors, a malfunction of the piezo sample or failure before the end of their 
usual service life cannot be completely ruled out, even if they are operated as specified. 

 Depending on the individual application, piezo components are electrically connected to voltages 
and currents, which are potentially dangerous for life and health of the operator. Installation and 
operation of piezo components must be done only by authorized personnel. Ensure proper and safe 
connections, couplers, and drivers.  

 Piezo components are highly efficient charge storing capacitors. Even when they are disconnected 

http://www.tdk-electronics.tdk.com/orderingcodes
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The following applies to all products named in this publication: 
1. Some parts of this publication contain statements about the suitability of our products for 

certain areas of application. These statements are based on our knowledge of typical 
requirements that are often placed on our products in the areas of application concerned. We 
nevertheless expressly point out that such statements cannot be regarded as binding 
statements about the suitability of our products for a particular customer application. As a 
rule we are either unfamiliar with individual customer applications or less familiar with them than the 
customers themselves. For these reasons, it is always ultimately incumbent on the customer to 
check and decide whether a product with the properties described in the product specification is 
suitable for use in a particular customer application. 

2. We also point out that in individual cases, a malfunction of electronic components or failure 
before the end of their usual service life cannot be completely ruled out in the current state 
of the art, even if they are operated as specified. In customer applications requiring a very high 
level of operational safety and especially in customer applications in which the malfunction or failure 
of an electronic component could endanger human life or health (e.g. in accident prevention or life-
saving systems), it must therefore be ensured by means of suitable design of the customer 
application or other action taken by the customer (e.g. installation of protective circuitry or 
redundancy) that no injury or damage is sustained by third parties in the event of malfunction or 
failure of an electronic component. 

3. The warnings, cautions and product-specific notes must be observed. 
4. In order to satisfy certain technical requirements, some of the products described in this 

publication may contain substances subject to restrictions in certain jurisdictions (e.g. 
because they are classed as hazardous). Useful information on this will be found in our Material 
Data Sheets on the Internet (www.tdk-electronics.tdk.com/material). Should you have any more 
detailed questions, please contact our sales offices. 

5. We constantly strive to improve our products. Consequently, the products described in this 
publication may change from time to time. The same is true of the corresponding product 
specifications. Please check therefore to what extent product descriptions and specifications 
contained in this publication are still applicable before or when you place an order. 
We also reserve the right to discontinue production and delivery of products. Consequently, 
we cannot guarantee that all products named in this publication will always be available.  
The aforementioned does not apply in the case of individual agreements deviating from the 
foregoing for customer-specific products. 

6. Unless otherwise agreed in individual contracts, all orders are subject to our General Terms and 
Conditions of Supply.  

7. Our manufacturing sites serving the automotive business apply the IATF 16949 standard. 
The IATF certifications confirm our compliance with requirements regarding the quality 
management system in the automotive industry. Referring to customer requirements and customer 
specific requirements (“CSR”) TDK always has and will continue to have the policy of respecting 
individual agreements. Even if IATF 16949 may appear to support the acceptance of unilateral 
requirements, we hereby like to emphasize that only requirements mutually agreed upon can 
and will be implemented in our Quality Management System. For clarification purposes we like 
to point out that obligations from IATF 16949 shall only become legally binding if individually agreed 
upon.  
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8. The trade names EPCOS, CarXield, CeraCharge, CeraDiode, CeraLink, CeraPad, CeraPlas, 
CSMP, CTVS, DeltaCap, DigiSiMic, FilterCap, FormFit, InsuGate, LeaXield, MediPlas, MiniBlue, 
MiniCell, MKD, MKK, ModCap, MotorCap, PCC, PhaseCap, PhaseCube, PhaseMod, PhiCap, 
PiezoBrush, PlasmaBrush, PowerHap, PQSine, PQvar, SIFERRIT, SIFI, SIKOREL, SilverCap, 
SIMDAD, SiMic, SIMID, SineFormer, SIOV, SurfIND, ThermoFuse, WindCap, XieldCap are 
trademarks registered or pending in Europe and in other countries. Further information will be 
found on the Internet at www.tdk-electronics.tdk.com/trademarks. 
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