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• DE: Dielectric Elastomer Membrane + 
compliant electrode

• High voltage needed
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Dielectric Elastomer (DE)

Compliant electrode

Compliant electrode
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• DE: Dielectric Elastomer Membrane + 
compliant electrode

• High voltage needed

➢ Electric field

➢Maxwell stress

➢ Expansion in area and reduction in 
thickness

➢ Variable capacitance
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Dielectric Elastomer (DE)

HV
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Energy conversion: 

From electrical energy to mechanical energy
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Dielectric Elastomer (DE)

Light weight

Low energy

consumption

High flexibility

High force

(~ 𝑀𝑒𝑔Ω)

High frequencies

Low acustic noise

DE’s electrical model
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Dielectric Elastomer (DE)
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Motivation of the Ph.D. work

High Voltage Amplifiers
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Motivation of the Ph.D. work

Properties

• Controlled HV source for

capacitive loads

• Compact, small, lightweight circuit

• Suitable for different input signals
(Step, sine, etc.)

• Increased energy efficiency

through control

• Demonstrators & Systems 

integration

Development of a controlled High Voltage source for Dielectric 

Elastomer Actuators (DEAs) embeddable in different systems
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Motivation of the Ph.D. work

High Voltage Circuit

Current amplifier

Current measurement

circuit

Development of a controlled High Voltage source for Dielectric 

Elastomer Actuators (DEAs) embeddable in different systems
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Motivation of the Ph.D. work

High Voltage Circuit
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High Voltage circuit study

OrCAD - PSpice simulation environment  
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High Voltage circuit study
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High Voltage circuit study

Low Voltage Side

High Voltage Side
Input

Transformer
Resonant circuit

Rectifier circuit

Load

Passive discharging circuit

3𝑉 − 5𝑉 𝐷𝐶

𝐷𝐶 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐴𝐶 𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝐴𝐶 𝐻𝑖𝑔ℎ 𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝐷𝐶 𝐻𝑖𝑔ℎ 𝑉𝑜𝑙𝑡𝑎𝑔𝑒
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High Voltage circuit study

Parameters 

analysis 

criteria

• Output voltage amplitude

• Time constant

• Output current peak

For example..

Most significant components
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Mathematical model
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Mathematical model

Low Voltage Side

High Voltage Side

Low 

voltage 
side

High 

voltage 
side

High voltage circuit

DE 𝑅𝑑𝑖𝑠

𝑣𝑖𝑛

𝑣𝐷𝐸

𝑖𝐷𝐸

Input

Outputs
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Low 
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side
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High voltage circuit
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Mathematical model

DE

𝑣𝑖𝑛 𝑖𝐷𝐸

𝑣𝐷𝐸

ቊ
ሶ𝑥 𝑡 = 𝐴𝑐ℎ𝑎𝑥 𝑡 + 𝐵𝑣𝑖𝑛(𝑡)

𝑦 𝑡 = 𝐶𝑐ℎ𝑎𝑥 𝑡 + 𝐷𝑣𝑖𝑛(𝑡)

• 𝐼𝑛𝑝𝑢𝑡: 𝑣𝑖𝑛
• 𝑂𝑢𝑡𝑝𝑢𝑡𝑠: 𝑣𝐷𝐸 , 𝑖𝐷𝐸

Charging phase

• Average model: Switching behaviour 

between resonant circuit and rectifier circuit

• Discharging phase OFF

𝑅𝑑𝑖𝑠

Input

Outputs
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Low 

voltage 
side

High 

voltage 
side

High voltage circuit
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Mathematical model

DE 𝑅𝑑𝑖𝑠

ቊ
ሶ𝑥 𝑡 = 𝐴𝑐ℎ𝑎𝑥 𝑡 + 𝐵𝑣𝑖𝑛(𝑡)

𝑦 𝑡 = 𝐶𝑐ℎ𝑎𝑥 𝑡 + 𝐷𝑣𝑖𝑛(𝑡)

• 𝐼𝑛𝑝𝑢𝑡: 𝑣𝑖𝑛
• 𝑂𝑢𝑡𝑝𝑢𝑡𝑠: 𝑣𝐷𝐸 , 𝑖𝐷𝐸

𝑣𝐷𝐸

𝑖𝐷𝐸

Charging phase

• Average model: Switching behaviour 

between resonant circuit and rectifier circuit

• Discharging phase OFF

ቊ
ሶ𝑥 𝑡 = 𝐴𝑑𝑖𝑠𝑥 𝑡 + 𝐵𝑣𝑖𝑛(𝑡)

𝑦 𝑡 = 𝐶𝑑𝑖𝑠𝑥 𝑡 + 𝐷𝑣𝑖𝑛(𝑡)

Discharging phase

• 𝐼𝑛𝑝𝑢𝑡: 𝑣𝑖𝑛
• 𝑂𝑢𝑡𝑝𝑢𝑡𝑠: 𝑣𝐷𝐸 , 𝑖𝐷𝐸
• Charging phase OFF

• Discharging behaviour as a capacitor

𝑣𝑖𝑛
Input

Outputs
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Mathematical model
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Mathematical model
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Mathematical model

𝑖 𝑡 = 𝐶
𝑑𝑉

𝑑𝑡
+ 𝑉

𝑑𝐶

𝑑𝑡

Mathematical model: 1st version

Static capacitance

𝑡1

𝑡2

𝑡1
𝑡2

𝑡3

𝑡4 𝑡4

𝑡3

𝑖 𝑡 = 𝐶
𝑑𝑉

𝑑𝑡

𝑑𝑉

𝑑𝑡
% ≫

𝑑𝐶

𝑑𝑡
%

Real capacitors

State variables: 𝒙 𝑡 = 𝒗𝑪(𝑡)
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Mathematical model: 2nd version

Variable capacitance
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Mathematical model

𝑖 𝑡 = 𝐶
𝑑𝑉

𝑑𝑡
+ 𝑉

𝑑𝐶

𝑑𝑡

𝑖 𝑡 =
𝑑

𝑑𝑡
𝑞𝐶(𝑡)

State variables: 𝒙 𝑡 = 𝒒𝑪(𝑡)

Change of state variables

Mathematical model: 1st version

Static capacitance

𝑖 𝑡 = 𝐶
𝑑𝑉

𝑑𝑡

𝑑𝑉

𝑑𝑡
% ≫

𝑑𝐶

𝑑𝑡
%

Real capacitors

State variables: 𝒙 𝑡 = 𝒗𝑪(𝑡)

𝑖 𝑡 = 𝐶
𝑑𝑉

𝑑𝑡
+ 𝑉

𝑑𝐶

𝑑𝑡
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Mathematical model
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Mathematical model
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Static Capacitance Model

Variable Capacitance Model
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Experimental validation 

DE 𝑅𝑑𝑖𝑠

𝑣𝑖𝑛

𝑣𝐷𝐸

𝑖𝐷𝐸
Low 

voltage 
side

High 

voltage 
side

High voltage circuit
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Experimental validation 

DE 𝑅𝑑𝑖𝑠

𝑣𝑖𝑛

𝑣𝐷𝐸

𝑖𝐷𝐸
Low 

voltage 
side

High 

voltage 
side

High voltage circuit

𝑣𝑖𝑛

Low voltage side High voltage side

𝑅𝑑𝑖𝑠

DE - Ideal capacitor
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Experimental validation 

Current measurement circuit

Set-up

High voltage driving circuit

𝑣𝑖𝑛

𝑣𝐷𝐸 𝑖𝐷𝐸

Current

EXPERIMENTS: Ideal capacitor as load
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Experimental validation 

EXPERIMENTS: Ideal capacitor as load

Case of study

Input: Step – 4.3𝑉
Load: 2.2𝑛𝐹
𝑅𝑑𝑖𝑠 = 40𝑀𝑒𝑔Ω
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𝑅𝑑𝑖𝑠 = 40𝑀𝑒𝑔Ω
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Experimental validation 

EXPERIMENTS: Ideal capacitor as load

Case of study

Input change

Load: 2.2𝑛𝐹
Input: Step – 4.3𝑉Input: Step – 2.8𝑉
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Experimental validation 

EXPERIMENTS: Ideal capacitor as load

Case of study

𝑅𝑑𝑖𝑠 change𝑅𝑑𝑖𝑠 = 30𝑀𝑒𝑔Ω

Input: Step – 2.8𝑉
Load: 2.2𝑛𝐹
𝑅𝑑𝑖𝑠 = 40𝑀𝑒𝑔Ω

Perri, Carmen, et al. "Modelling and Validation of a High Voltage Driving Circuit for Dielectric Elastomer 

Actuators." 2021 IEEE 30th International Symposium on Industrial Electronics (ISIE). IEEE, 2021.
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Experimental validation 

EXPERIMENTS: Real DE

HV

Current

Set-up

𝑣𝑖𝑛

𝑣𝐷𝐸 𝑖𝐷𝐸
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Experimental validation 

𝐶(𝑥) = 𝑝1𝑥 + 𝑝2

EXPERIMENTS: Real DE
DE characterization

Variable capacitance
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Experimental validation

V
o
lt
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e
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k
V

]

0

3
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0 0.5 1 1.5 2

Time [s]

Experiments

MATLAB – Static Capacitance

MATLAB –Variable Capacitance

EXPERIMENTS: Real DE
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Experimental validation 

EXPERIMENTS: Real DE

Case of study

Input: Step – 5.5𝑉
Load: 𝐷𝐸
𝑅𝑑𝑖𝑠 = 30𝑀𝑒𝑔Ω



Carmen Perri 39

Experimental validation 

EXPERIMENTS: Real DE

Case of study Input signal change

Load: 𝐷𝐸

Input: Step – 5.5𝑉

𝑅𝑑𝑖𝑠 = 30𝑀𝑒𝑔Ω

Input: Sine – 4𝑉𝑝𝑝 , 𝑓 = 0.5𝐻𝑧
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Input: Sine – 4𝑉𝑝𝑝 , 𝑓 = 0.5𝐻𝑧
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Experimental validation 

EXPERIMENTS: Real DE

Case of study Frequency change

Load: 𝐷𝐸

𝑅𝑑𝑖𝑠 = 30𝑀𝑒𝑔Ω

Input: Sine – 4𝑉𝑝𝑝 , 𝑓 = 1𝐻𝑧
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Conclusions

✓ High voltage circuit analysis carried out in OrCAD - PSpice → DC-DC converter in high voltage

✓ Mathematical model developed → Average model 

✓ Implementation in MATLAB & Simulink

✓ Experimental validation for different input signals
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Next steps

➢ Circuit optimization

→ Active discharging phase: Fast discharging time, controllable discharging behaviour 

➢ Control algorithm develop 

➢ Implementation on 𝜇 − 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟 (Nucleo board stm32)

➢ Experimental validation
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