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Problem 5 
 

Bimetallic Oscillator 
A simple electric oscillator can be made using a 

bimetallic contact-breaker. Investigate the relevant 

parameters that affect the frequency of such oscillator. 

Mladen  Matev,  Bulgaria 
1 09-Nov-21 



Structure 

 General Intro – remember the fuses?   origin of the 
problematics 

 

 Circuit breakers and MCB typology/characteristics. 

 

 The construction of an MCB, disassembling an MCB 

 

 The bimetallic strip, how it works, theory, DIY 

 

 How to construct a bimetallic “oscillator” 

 

 Use of „snapping action‟ bimetallic oscillators in TEH 

 

The sources are quoted on the slides. 
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Examples – circuit breakers 
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Wright,A., and Newbery,P.G., Electric Fuses,3rd Ed.,Institution of Electrical Engineers, Stevenage,UK (2004) 

https://www.electricaltechnology.org/2019/09/fuse-circuit-breaker-symbols.html 
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Fuse - Timing 
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( Show  https://www.ultracad.com/articles/fusingr.pdf   
   “Fusing Currents in Traces ”) 

Onderdonck’s approx for Cu  
with Tref=20°C, melting at 1083°C 

https://www.ultracad.com/articles/fusingr.pdf
https://www.ultracad.com/articles/fusingr.pdf
https://www.ultracad.com/articles/fusingr.pdf
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Examples – circuit breakers 
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https://en.wikipedia.org/wiki/Circuit_breaker 

For low voltage distribution circuit breakers, 
International Standard IEC 60898-1 defines the 
rated current as the maximum current that the 
breaker is designed to carry continuously. 
The commonly available preferred values for the 
rated current are 1 A, 2 A, 4 A, 6 A, 10 A, 13 A, 16 A, 
20 A, 25 A, 32 A, 40 A, 50 A, 63 A, 80 A, 100 A, 125 A. 
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The inside of a Miniature Circuit Breaker (MCB) - 
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https://en.wikipedia.org/wiki/Circuit_breaker 

1. Actuator lever - used to manually trip 
and reset the circuit breaker. Also 
indicates the status of the circuit breaker 
(On or Off/tripped). Most breakers are 
designed so they can still trip even if the 
lever is held or locked in the "on" 
position. This is sometimes referred to as 
"free trip" or "positive trip" operation. 
 

2. Actuator mechanism - forces the contacts 
together or apart. 
 

3. Contacts - allow current when touching 
and break the current when moved apart. 
 

4. Terminals 
 

5. Bimetallic strip - separates contacts in 
response to smaller, longer-term 
overcurrents 
 

6. Calibration screw - allows the 
manufacturer to precisely adjust the trip 
current of the device after assembly. 
 

7. Solenoid - separates contacts rapidly in 
response to high overcurrents 
 

8. Arc divider/extinguisher 



IYPT    2022  Timisoara / Problem 5 – Bimetallic Oscillator       PrepSem 8-9 Nov 2021                                                                   M.Matev 

Examples – circuit breakers 
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‚MCB‛ - Miniature Circuit Breaker (up to 125A) 

‚C6‛, rated to interrupt short-circuit 
I = 6 kA = 6000 A   at   230V~ 
‚C‛ – 6-10 times the rated current 

DIN, rail-mounted, ‚EZ‛, ‚Easy9‛ by Schneider Electric, Part.No. EZ9F35106 
Price ~  € 2.30 + tax 
 
The characteristics of low-voltage MCB-s are given in IEC947.  
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Example MCB – ‚Easy9‛ – opening the body 
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Example MCB  (‚Easy9‛) - disassembly 
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Example MCB – ‚Easy9‛, inside 

10 09-Nov-21 

bimetallic 
strip 

 

l = 33 mm 

Hot = bent up 
Cold = straight 
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Curvature of a bimetallic strip  
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https://en.wikipedia.org/wiki/Bimetallic_strip  

The curvature of a bimetallic beam can be described by the following equation: 
 
 
 
 
 
 

where                      and R is the radius of curvature, 

 
       and        are the Young's modulus and height (thickness) of material one 
       and        are the Young's modulus and height (thickness) of material two. 
 
     is the misfit strain, as defined by  
 

where         is the coefficient of thermal expansion of material one and  
                    is the coefficient of thermal expansion of material two. 
 
         is the current temperature minus the reference temperature (i.e. the T where the beam has no flexure) 

R 
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Bimetallic strip - some useful approximations  
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Insight may be gained if the result just given is multiplied on top and bottom by 
 
 
 
 
 
 
where                               ,                               and                               . 
 
Since                                                                   for  small      , which is insensitive to   
because of the lack of first order terms, then we may approximate   
for         close to unity (and insensitive to       ), and 
For            close to  unity (and insensitive to            ). 
 
Thus, unless        or         are very far from unity we can approximate 
 

https://en.wikipedia.org/wiki/Bimetallic_strip  

R 
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Useful materials – Al alloy 
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https://en.wikipedia.org/wiki/3004_aluminium_alloy 

Aluminum alloys from drink cans – the body is made of the 3004 alloy (can be drawn 
easily) and the top is made of the harder 5182 alloy. 
 
 
 
 
 
 
 
 
3004 aluminum is a 3000-series aluminum alloy: the main alloying addition is Mn, and it is 
formulated for primary forming into wrought products. 
3004 is the Aluminum Association (AA) designation for this material. 
In European standards, it will be given as EN AW-3004. 
AlMn1Mg1 is the EN chemical designation. A93004 is the UNS number. 
Additionally, the AFNOR (French) designation is A-M1G 
 
Elastic (Young's, Tensile) Modulus = 70 GPa 
Melting Onset-Completion (Solidus to Liquidus) = 630-650 °C 
Specific Heat Capacity = 900 J/kg-K 
Thermal Conductivity = 160 W/m-K 
Thermal Expansion = 24 µm/m-K.   

https://www.makeitfrom.com/material-properties/3004-AlMn1Mg1-3.0526-A93004-Aluminum 
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Other useful materials – e.g. steel from cans, etc 
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Plate steel used in the canning industry. 

Very easy to cut to shape using scissors.  

https://en.wikipedia.org/wiki/Thermal_expansion#Coefficient_of_thermal_expansion 
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Bimetallic strips and how they are made 
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https://www.electricaltechnology.org/2019/09/fuse-circuit-breaker-symbols.html 
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Bimetallic strips and how they are made 
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https://www.electricaltechnology.org/2019/09/fuse-circuit-breaker-symbols.html 
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Bimetallic strips and how they are made 
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https://www.electricaltechnology.org/2019/09/fuse-circuit-breaker-symbols.html 
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What is a bimetallic ‘oscillator’?  
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Contact 
turn on heater 

Contact 
turn off heater 

‚Heater‛ 
switchable heat source 

‚Cooler‛ – fixed heat sink 
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Bimetal-based thermal energy harvesting (b-TEH) 

19 09-Nov-21 

P. Prokaryn,et al.,13th Int.Sci.Conf. Optical Sensors & Electronic Sensors,ed. J.Golebiowski, R.Gozdur, Proc. of SPIE, 9291, 92910E 
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Bimetal-based thermal energy harvesting (b-TEH) 
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https://iopscience.iop.org/article/10.1088/1742-6596/476/1/012062/pdf 
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Bimetal-based thermal energy harvesting (b-TEH) 

21 09-Nov-21 

A. Arnaud, et al., J. Phys. Conf. Series 476 (2013) 012062 
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Bimetal-based thermal energy harvesting (b-TEH) 

22 09-Nov-21 

13th International Scientific Conference on Optical Sensors and Electronic Sensors, ed. by J. Golebiowski, R. Gozdur, 
Proceedings of SPIE Vol. 9291, 92910E · © 2014 SPIE, CCC code: 0277-786X/14/$18 · doi: 10.1117/12.2070512 
From: http://proceedings.spiedigitallibrary.org/        Terms of Use: http://spiedl.org/terms 
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Bimetal-based thermal energy harvesting (b-TEH) 
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P. Prokaryn,et al.,13th Int.Sci.Conf. Optical Sensors & Electronic Sensors,ed. J.Golebiowski, R.Gozdur, Proc. of SPIE, 9291, 92910E 
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Making electrets for be-TEH - examples 
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P. Prokaryn,et al.,13th Int.Sci.Conf. Optical Sensors & Electronic Sensors,ed. J.Golebiowski, R.Gozdur, Proc. of SPIE, 9291, 92910E 

Making electrets for electrostatic- based harvesting   
 
A corona charging setup with a 3-electrode system: 
• needle corona electrode 
• grid electrode 
• grounded planar electrode w/ electret in its center 
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b-TEH – charging a storage capacitor 
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P. Prokaryn,et al.,13th Int.Sci.Conf. Optical Sensors & Electronic Sensors,ed. J.Golebiowski, R.Gozdur, Proc. of SPIE, 9291, 92910E 

Black: voltage pulses across the piezoelectric 
Red: increase of voltage across storage capacitor 

Charging of 80 µF storage capacitor using the harvester with piezoelectric converter/transducer 

300 s charging process, measured with a DAQ 
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Bimetal-based thermal energy harvesting (be-TEH) 
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P. Prokaryn,et al.,13th Int.Sci.Conf. Optical Sensors & Electronic Sensors,ed. J.Golebiowski, R.Gozdur, Proc. of SPIE, 9291, 92910E 
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Bimetal-based thermal energy harvesting (b-TEH) 

27 09-Nov-21 

A. Arnaud, et al., J. Phys. Conf. Series 476 (2013) 012062 
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Bimetal&electret-based thermal energy harvesting (be-TEH) 
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A. Arnaud, et al., J. Phys. Conf. Series 476 (2013) 012062 
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Bimetal&electret-based thermal energy harvesting (be-TEH) 
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A. Arnaud, et al., J. Phys. Conf. Series 476 (2013) 012062 
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Bimetal&electret-based thermal energy harvesting (be-TEH) 
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A. Arnaud, et al., J. Phys. Conf. Series 476 (2013) 012062 
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Bimetallic strips – mechanical stability and snapping 
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A. Arnaud, et al., J. Phys. Conf. Series 476 (2013) 012062 

𝑡 < 3𝛿0 

Timoshenko S, Gere J, Theory of elastic stability, McGraw-Hill, NY, 1961, p.312 
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Commercially available b-TEH   - prototype 
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http://www.micropelt.com/en/energy-harvesting/te-corerf.html 

TE-CORE/RF is a fully functional and self-powered wireless sensor node, designed 
for evaluation and prototyping.  
It measures and transmits temperature and voltage data in a 2/sec duty cycle for 
a virtually unlimited amount of time – without batteries.  
All power needed for its operation is harvested from excess or waste heat. 
Heat taken from the surface the device is mounted/magnetically attached to.  
Thermoelectric conversion is done by a single Micropelt TGP thermogenerator. 
 

Characteristics 
•2.4 V, 0.1 bis 10 mW thermoharvesting power after DC Booster 
•Detachable wireless sensor board 
•2.4 GHz, IEEE 802.15.4, Zigbee compliant 
•Pre-qualified and certified RF module of IMST 
•SPI, I²C, JTAG and configurable I/O interfaces 
•User programmable 



Thank you for your attention! 
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