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Abstract 
In most of active vibration control (AVC) applications piezoelectric transducers require appropriate power 

electronics to be driven with high electric voltage due to high capacitance [1]. Thus, circuit design of 

power amplifiers for driving piezoelectric transducers becomes a challenging task. Design problems need 

to be found in early design stage since prototyping the complete system can be time and cost intensive. 

Furthermore the electromechanical behaviour of the holistic system needs to be identified, since it 

determines requirements for electrical specifications of the power amplifier. As solution, the SLPS 

(SimuLinkPSpice) co-simulation environment of Cadence Design Systems is used as a new approach to 

embed electronic circuit simulation of the developed power amplifier in system model simulation in 

Simulink. 

1 Introduction 

Piezoelectric transducers are preferred actuators for AVC applications due to light weight and high 

stiffness which leads to high mechanical resonance frequencies. Furthermore, high precise motion and 

force control can be achieved [2]. To drive piezoelectric actuators, an adequate power amplifier is 

required. Limited in performance due to piezoelectric actuators which are considered as capacitive loads, 

piezo amplifiers typically have to provide an output voltage on order of 100 V to 200 V and constitute a 

challenging task in amplifier design processes. To simulate the performance of power amplifier, 

simulation of mathematical model is carried out in [3], but electromechanical relations between amplifier 

and actuator are often neglected in simulations. With regard to an AVC application on a planetary 

gearbox, analytical performance identification of an inertial mass actuator and class AB power amplifier 

are presented in this work. Based on the analytical identification, a Simulink model of actuator and 

amplifier are set up. Subsequently, the electronic design of the power amplifier is created in PSpice in 

order to embed the circuit design in Simulink environment and perform SLPS co-simulation.  

A key technology for more efficient jet engines are high-speed and high-power lightweight planetary 

gearboxes. Using the gearbox both fan and turbine can be operated at their optimum speed. Engine 

manufacturers are currently developing planetary gearboxes for the next engine generation. During take-

off the gearbox will have to transmit mechanical powers of more than 50 MW. The combination of a 

lightweight gearbox construction and high power transmission is prone to vibration excitation. Especially 

the gear meshing could result in noise that reduces the comfort of passengers as its frequency is in the 

range of 3 to 5 kHz where human ear is very sensitive. A research project is initiated to investigate 

feasibility of AVC in this application. One of the key challenges is the high frequency of gear meshing. 

Most commercially available active noise or vibration control systems such as active engine mounts or 

noise cancelling headphones work only for frequencies well below 1 kHz. An AVC system that is capable 

of producing anti-forces in the higher frequency range has thus to be developed. 

A sub-scale test rig for small planetary gearboxes is used to experimentally identify requirements such as 

frequencies and forces for the projected actuator amplifier combination. The methodology of the research 
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project is to first scale the gearbox down to laboratory scale. However, the smaller gearbox is selected 

such that it can be operated at the same gear meshing frequency as the aerospace gearbox. An AVC 

system for the small gearbox shall be developed and later be scaled up to full-scale. The developed test rig 

is depicted with all components in Figure 1. The gearbox can be operated at input speeds up to 10000 rpm 

and output torques up to 30 Nm. The gearbox is spur-toothed has a diameter of 60 mm, three planets and a 

gear ratio of 3. When operated at maximum speed and load at the test rig it transmits a mechanical power 

of 10 kW. The gearbox assembly is equipped with seven accelerometers and two triaxial force sensors that 

measure forces which are transmitted from the gearbox into the surrounding structure.  

 

Figure 1: Test rig for measurement of vibration characteristics of small planetary gearboxes with 

asynchronous motor (A), couplings (B), torque sensors (C), air cooling (D), planetary gearbox (E) and 

eddy current break. 

According to the frequency spectrum measurement of the gear mesh force excitation of the planetary 

gearbox, the nominal gear mesh frequency is not dominant, as common for planetary gearboxes. Instead 

the spectrum is full of neighbouring frequencies of varying amplitudes which is caused by amplitude and 

frequency modulation effects inside the gearbox. To actively reduce the most dominant single vibration at 

a frequency of approx. 4 kHz, an anti-force of approx. 55 N is required. If more frequencies shall be 

suppressed in parallel the anti-force requirements increase respectively.  

2 Experimental characterization and analytical modelling of actuator 
and amplifier for AVC of planetary gearboxes 

The most important challenge of system design is the high frequency range around 4 kHz of the gear mesh 

vibration. Consequently actuators have to be developed that are able to produce a significant amount of 

controlled force at this frequency as they go beyond the state of the art. Furthermore, an appropriate 

amplifier has to be selected which can provide the required power at high frequency. In the presented 

work, the problem is reduced to laboratory scale. Subsequently, the development of a solution at original 

scale is intended.  

2.1 Analytical modelling of an Inertial mass actuator 

In accordance to the demands, the principle of an inertial mass actuator utilizing a piezoelectric shear 

transducer is chosen for the investigated application. Inertial mass actuators consist of a spring-mass-

system with an integrated active element and can be considered as a point force generator when driven 

above their resonance frequency [4]. As shown in Figure 2, inertial mass actuators can be represented by a 

spring-mass system with the stiffness k and the inertial mass m, enhanced by a damping d and a force 

actuator A [5].  

280 PROCEEDINGS OF ISMA2018 AND USD2018



 

Figure 2: Model of an inertial mass actuator with stiffness k, inertial mass m, damping d, force actuator A, 

actuator force FA and force of the inertial mass actuator F 

Regarding ultra-high frequency applications, piezoelectric actuation is superior to electrodynamic 

actuation. Since those solid state actuators possess an inherent, quite high stiffness, they can carry the 

inertial mass while providing high dynamic forces. Therefore they are especially suitable for high 

frequency applications. The mentioned studies on piezoelectric inertial mass actuators pointed out their 

main advantages: If carefully designed, the actuator system contains a low number of parts with no 

movables. The inertial mass actuator can be considered as an ideal force generator when driven above its 

resonance frequency. It has been widely used in feedback control systems. In a collocated control loop 

configuration together with an accelerometer, simple stable systems for active damping can be 

implemented [4]. This approach has been successfully studied for lightly damped structures with high 

resonance peaks, e.g. [6].  

In order to derive low amplifier output voltage, the inertial mass actuator is designed in such way, that its 

dynamic resonance fr meets its operating frequency at approx. 4 kHz. Doing so, the amplification of the 

voltage to force ratio by the dynamic resonance can be used. Since the stiffness k is predefined by the 

chosen actuator, the mass m has to be calculated via fr = 1/2π √(k/m). In order to estimate the stiffness 

of the actuator, the actuator is excited with a broad band signal with three different masses attached to it. 

The measurement setup and the measurement results are depicted in Figure 3. 

 
(a)

 

(c)

 

(b)

 
 

Figure 3: Experimental characterization of the stiffness estimation of the piezoelectric shear actuator. 

(a) Experimental setup of the shear actuator with an additional mass of 60 g 

(b) Experimental setup of the shear actuator with an additional mass of 144 g 

(c) Resulting frequency response from actuator voltage to tip displacement of the different 

experimental setups 
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On base of the experimental characterization, the actuator stiffness could be identified to 3967 kN/m using 

a linear regression. The moving mass the actuator (without additional mass) is calculated to be approx. 

3 g.   

2.2  Analytical modelling of the power amplifier PIA-1115-2020 

Considering the high signal quality of class AB amplifiers, the analogue amplifier PIA-1115-2020 is 

chosen for modelling. Analog amplifiers regulate the power flow via power transistors, operating as 

resistors. Although these resistors provoke an energy drain, analogue amplifiers are characterized by high 

signal quality at the amplifier output and robustness, which is independent of the load. For the derivation 

of the required model data, the amplifier is experimentally characterized while it is loaded with film 

capacitors of different capacity in the range of typical, suitable piezoelectric actuators. The experimental 

set up is depicted in Figure 4. According to the experiment results, PIA-1115-2020 is able to drive 

maximum capacitive load of 100 nF at 4 kHz (Figure 5). 
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Figure 4: Scheme of the experimental setup for the 

characterization of amplifiers 

 

 
Figure 5: Results of the experimental 

characterization of an analogue voltage amplifier: 

voltage amplitude and distortion factor for 

different capacitors 

For the integration into system simulation model, the numerical identification of the power amplifier 

carried out according to the methodology proposed by [7]. A modification of this method is described in 

this section. To replicate the measured phase behaviour of the transfer function, the higher order model 

shown in Figure 6 is used. The phase behaviour is modelled in such a way, that it allows convergence 

beyond −180° phase angle for high frequencies, as depicted in Figure 7. This representation is based on 

the observation of the transfer behaviour and not motivated through the amplifier design. The 

parametrization proposed here thus cannot be done using amplifier specification making an experimental 

characterization necessary. Modelling the correct phase behaviour for a large frequency range is a 

prerequisite for the design of a high frequency control system. 

 

Figure 6: Amplifier model including extended transfer behaviour and current limitation for capacitive 

loads 
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Figure 7: Measured (...) and estimated (-) phase curves of the amplifier transfer function H(s). 

𝑈1(𝑆) =
𝐾(𝑇𝑎𝑠+1)

𝑇2𝑠2+𝑇1𝑠+1
· 𝑈𝑖(𝑠)                                     (1)  

𝑌𝑢𝑒,𝑢1(𝑠; 𝐾, 𝑇𝑎 , 𝑇1, 𝑇2) =
𝑈1(𝑠)

𝑈𝑒(𝑠)
              (2) 

Based on measurements on an open circuit configuration the parameters for the load independent, 

frequency dependent voltage amplification are estimated using a least squares approach. Therefore the 

voltage amplification �̃�𝑢𝑢(𝑠) is measured for a set of frequencies 𝑠𝑖 with no electric load connected to the 

amplifier output and the model function 𝑌𝑢𝑢 is factorized for the free parameters 𝐾, 𝑇𝑎 , 𝑇1 and 𝑇2 where 

the solution for 𝑇𝑎 is obvious: 

�̃�𝑢𝑢(𝑠) = (𝐾,𝐾𝑇𝑎 , 𝑇1, 𝑇2) · (

1
𝑠

−𝑠2�̃�𝑢𝑢
−𝑠�̃�𝑢𝑢

)    (3) 

The overdetermined system of linear equations can be solved using a least squares approach. Additionally 

a weighting of the values is implemented based on the harmonic distortion 𝑘(𝑠𝑖) measured for each 

frequency 𝑠𝑖 to consider only those frequencies where dominantly linear system behaviour was observed: 

𝑊(𝑠𝑖) = {
𝑘(𝑠𝑖) < 0.01: 1

𝑘(𝑠𝑖) ≥ 0.01: 0
} 
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The identification of the load dependent output resistance 𝑅 and current limitation is done using 

measurements with different capacitive loads attached to the amplifier output. The transfer function for the 

output current of the amplifier under capacitive load is derived from the system equation: 

𝑖𝐴 = 𝑈𝑒 ·
(

𝐾(𝑇𝑎𝑠+1)

𝑇2𝑠
2+𝑇1𝑠+1

)

(𝑅+
1

𝑠𝐶
)

= 𝑈𝑒 · 𝑌𝑢𝑢(𝑠) · (𝑅 +
1

𝑠𝐶
)
−1

  (5) 

𝑌𝑖𝑢(𝑠) =
𝑖𝐴(𝑠)

𝑈𝑖
      (6) 

Where the output resistance 𝑅 is expected to be a function of the capacitive load 𝐶. The identification of 

the capacitive loads and output resistances is performed similar to the method shown above through a least 
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squares approximation of the parameters of a factorized linear system 𝑌𝑖𝑢 using the transfer function 𝑌𝑢𝑢 

of the open circuit configuration that has already been identified: 

𝑌𝑢𝑢(𝑠) = (�̃�𝑖𝑢(𝑠),
�̃�𝑖𝑢(𝑠)

𝑠
) · (

𝑅
1

𝐶

)     (7) 

The problem is solved for different capacitors separately to observe the dependency of output resistance 

and capacitive load as shown in Figure 8. It appears that the output resistance can be modelled as a 

function of 𝐶 of the following form, where the parameters 𝑅0 and 𝑅1 can be estimated using least squares 

regression. 

𝑅(𝐶;𝑅0, 𝑅1) = 𝑅0 +
𝑅1

𝐶
           (8) 

To model the current limitation, for different capacitive loads the maximum current amplitude is measured 

for which the harmonic distortion 𝑘 is not bigger than 1% as proposed in [7]. The relation between 

capacitive load and current limitation is assumed to be of the form where the parameters can be estimated 

through least squares regression from measurement data. 

𝑖𝑚𝑎𝑥(𝐶) = 𝐾𝑖 ·
𝐶

𝑇𝑖+𝐶
     (9) 

  

Figure 8: Estimates (-) and observations (*) of the output resistance and current limitation depending on 

capacitive load. 

The estimated parameter values are listed up in Table 1. 

Parameter Unit Value 

𝑮𝟎 𝐕/𝐕 𝟐𝟒. 𝟑𝟕 

𝑻𝒙 𝐬 −𝟎. 𝟗𝟕𝟒𝟐 ∙ 𝟏𝟎−𝟓 

𝑻𝟐 𝐬𝟐 −𝟎. 𝟕𝟖𝟕𝟑 ∙ 𝟏𝟎−𝟏𝟎 

𝑻𝟏 𝐬 𝟏. 𝟎𝟓𝟑 ∙ 𝟏𝟎−𝟓 

𝑹𝟎 𝛀 𝟎. 𝟓𝟒 

𝑹𝟏 𝛀𝐅 𝟐. 𝟎𝟖𝟓 ∙ 𝟏𝟎−𝟓 

𝑲𝒊 𝐀 𝟎. 𝟑𝟐𝟑𝟐 

𝑻𝒊 𝐂 𝟖. 𝟑𝟕𝟒 ∙ 𝟏𝟎−𝟖 

Table 1: Analytical parameter Values estimated for PIA-1115-2020 

2.3 Modelling of inertial mass actuator and power amplifier in Simulink 

For the simulation of inertial mass actuator system, including piezoelectric transducer, inertial mass and 

amplifier, a modular model approach for active vibration systems on base of impedances and admittances 

is used [4]. The impedance-admittance model structure of the inertial mass actuator is depicted in Figure 9 

indicating the exchange of power by the transmission of forces F, velocities v, differential velocity v, 
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input voltage Ui, output voltage Uo and output current Io between the single system components. The 

model of the inertial mass actuator can simply be enhanced by the models of the controller as well as the 

models of mass and elasticity of the base structure. The identified actuator parameters as well as the 

identified power amplifier parameters were integrated into the system simulation. 

 

 

Figure 9:  Impedance-admittance model structure of the inertial mass actuator system consisting of 

piezoelectric transducer, inertial mass and amplifier with forces F, velocities v, differential velocity 

∆v, input voltage Ui, output voltage Uo and output current Io 

The additional mass is numerically estimated to be 8 g in order to tune the resonance frequency of the 

inertial mass actuator to the frequency range at approx. 4 kHz. Figure 10 (a) shows the results of the 

numerical simulation for an input voltage sweep from 0 Hz to 6 kHz with 1 kHz per second. The x-axis 

represents both the time of the sweep in seconds and the frequency in kHz. As numerically predicted, the 

result of the experimental characterization (Figure 10 (b)) shows that the resonance frequency of the 

finally realized inertial mass actuator system lies in the expected frequency range at approx. 4 kHz. 

(a) (b)  

Figure 10: Results of the experimental characterization of the numerically investigated configuration 

of piezoelectric shear actuator with 8 of additional inertial mass and an analogue voltage amplifier 

3 Modelling of the power amplifier in PSpice and Simulink 

The experimentally investigated and numerically identified transfer function show good correlation. But 

the amplifier model solely relies on the observation of the transfer behaviour H(s). Its real physical setup 

is not considered. A drawback of the methodology proposed by [7] is that hardware assemblies need to be 

available in order to carry out experimental characterizations. Regarding this aspect, the process of 

amplifier assessment and selection can be costly and time intensive due to the complexity of power 

electronic circuits. For instance, the power amplifier PIA-1115-2020 consists of two units, whereby the 

amplifier
inertial 
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mass base structure
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first unit includes power supply components as a 200 W DC/DC-converter which has a nominal input 

voltage of +12 V and maximum output voltage of +200 V. 

The second unit contains a pre-stage for input signal conditioning and power output stage to drive 

piezoelectric transducers. The signal conditioning comprises electrical impedance transformation, non-

inverting integrator and pre-amplification. The main component of the output stage is the integrated circuit 

(IC) LT1166 from Linear Technology which is a bias generating system for controlling output current in 

high powered amplifiers and keeps the deadbeat distortions low.  

The data flow from PSpice to Simulink for performing SLPS co-simulation is depicted in Figure 11. First, 

a project file has to be created in Capture. This project file includes the electronic circuit design which 

consists of electric models of actual components. Referring to the specifications of the component models, 

the PSpice simulation is carried out. In order to embed the electronic simulation in PSpice in Simulink 

model, the user has to select an input and output port of PSpice simulation model to define the interface to 

Simulink model.  

 

Figure 11: Simplified data flow from PSpice to Simulink for SLPS co-simulation 

3.1 PSpice model of the power amplifier PIA-1115-2020 

According to the diagram in Figure 11, the electronic circuit of the power amplifier PIA-1115-2020 has to 

be modelled in Capture first. Therefore, an adequate component model of the IC LT1166 is necessary. 

Although an extensive electronic model library is provided by PSpice, in some cases models have to be 

obtained from manufacturers of integrated circuits. Since LT1166 model is not available in PSpice model 

library, the LT1166 model from LTSpice, is used after adjustments. To verify the model functionality, 

application circuit diagrams from the datasheet of LT1166 [8] are created and tested in PSpice. For 

instance, Figure 12 depicts the simulation result of the LT1166 unity gain buffer circuit. Besides LT1166, 

the circuit consists of bipolar junction transistors MPS2907, MPS2222, 2N2907 and 2N2222 and 

MOSFETs IRF530 and IRF9350. All the components are available in PSpice library except 2N2907. For 

this component, the PSpice model is obtained from the website of the manufacturer. An ideal unity gain 

buffer should exhibit an output signal which is identical to the input signal. With regard to the output 

signal in Figure 12, it is noticeable that the slew-rate of LT1166 the output signal is divergent from the 

ideal input signal due to non-ideal specifications of the corresponding model. Furthermore the supply 

currents are not symmetrical. According to the datasheet, both entering and exiting current should be 15 

mA. But the simulation result exposes that the supply current entering the IC is 15.21 mA and the supply 

current exiting the IC is -15.44 mA. The offset voltage of the simulated output is approximately -38.736 

mV and is also not in accordance with the given offset value in the datasheet. After the functionality of the 

adjusted LT1166 model is verified, the electronic circuit diagram of the power amplifier PIA-1115-2020 

with its main component LT1166 is created in PSpice.  

 

Figure 12: PSpice simulation result of LT1166 unity gain buffer circuit  
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By giving sine wave signal with amplitude of ±1V as input signal, an output signal of ±100 V should be 

obtained ideally. With regard to the simulation result (Figure 13) which considers non-ideal component 

parameters, it is noticeable that the positive amplitude is +99.98 V and the negative amplitude -98.80 V.  

This indicates that rail-to-rail operation is not provided by the chosen electronic components. Furthermore, 

time delay of output signal and offset voltage are existent. The offset voltage of negative sine wave is 

approximately +1 V. To identify the components which are responsible for this effect, every active 

component model of the pre-stage as well as output stage needs to be verified separately. Errors as offset 

voltage propagate along the amplifier signal chain and affect the output voltage.   

 

Figure 13: Simulated output voltage of power amplifier PIA-1115-2020 in PSpice 

3.2 Simulink model of the power amplifier PIA-1115-2020 

To constitute the ideal amplifier performance, an amplifier system model is set up in Simulink (Figure 14). 

Subsequently, the PSpice power amplifier model from Section 3.2 is embedded in the system model in 

Simulink in Section 4. 

Parameters which are interesting for driving inertial mass actuators in the investigated application are 

output voltage, output current and impedance of the power amplifier. The amplifier system model 

implements following functionalities: I. Generation of amplifier excitation signal, II. Excitation signal 

amplification and offset adjustment, III. Impedance calculation and IV. Output current calculation. In 

particular, functionality II represents the power amplifier PIA-1115-2020 by means of “Gain”-block and 

“Constant”-block and exhibits the signal amplification and offset adjustment.     

 

Figure 14: Simulink model with ideal power amplifier: I. Generation of amplifier excitation signal, II. 

Excitation signal amplification and offset adjustment, III. Impedance calculation, IV. Output current 

calculation 

The simulation results are depicted in Figure 15. The excitation signal is a sine sweep signal from 1 kHz to 

5 kHz with amplitude of ±1 V. The signal is amplified by a gain factor of 100. The current is calculated by 

dividing the voltage by impedance. While the amplitude of the voltage is constant over the whole 

frequency range, the amplitude of the current increases since the impedance is dependent from the 

impedance which is a function of frequency. 

(I) 

(II) 

(III) 

(IV) 
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Figure 15: Simulation result of ideal power amplifier system model in Simulink 

Parameter  Unit Value 

Amplitude  V ± 1  

Frequency kHz 1 to 5  

Signal type - Sine Sweep 

Step size  s 10·10-6  

Run time  s 4 

Table 2: Simulink simulation parameters of amplifier system model 

4 Simulink-PSpice co-simulation of the power amplifier 

The ideal amplification and offset adjustment blocks in Simulink system model from Section 3.2 are 

substituted by the PSpice power amplifier model by means of “PSpiceBlock” (Figure 16). The 

“PSpiceBlock” creates an interface between PSpice model and Simulink model and is provided by SLPS 

co-simulation environment. Only one “PSpiceBlock” can be placed in a single Simulink model [9]. In 

order to perform SLPS co-simulation, the block parameters have to be specified regarding the PSpice 

project file, input sources and outputs for the “PSpiceBlock” as well as PSpice data saving options. After 

selecting the project file (.OPJ) in parameter setting window, the corresponding simulation file (.SIM) is 

chosen automatically and available sources and outputs are visible. For this work, the constant sine wave 

input source and the output of the class AB stage of PSpice power amplier model are chosen as input 

source and output respectively. The SLPS co- simulation environment uses input source of PSpice model 

for initialization and replaces it by Simulink input source for further simulation. Simulation setting 

parameters in Table 3 are used for SLPS co-simulation. 

 

Figure 16: Simulink model with embedded PSpice power amplifier model in "PSpiceBlock" 
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Figure 17: Simulation result of SLPS co-simulation  

Parameter  Unit PSpice Simulink 

Amplitude  V ± 1  ± 1  

Frequency  kHz 1  1 to 5  

Signal type - Sine  Sine Sweep 

Step size  s 10·10-6   10·10-6   

Run time  s 4 4 

Table 3: Simulation parameters for SLPS co-simulation 

The general course of the output signal of SLPS co-simulation is identical to the ideal output signal of the 

Simulink amplifier model. But regarding slew-rate and offset voltage, marginal divergences between 

PSpice, Simulink and SLPS co-simulation can be noticed. The comparison of these simulations in Figure 

18 shows the first amplitude of simulation result. While the sine wave of the Simulink model is ideal, the 

sine wave of PSpice and Simulink have a delay of around 0.1 ms. In addition, the amplitude of the SLPS 

simulation has a notch at 0.3 ms which is not caused by PSpice simulation and could be an error of 

initialization. Furthermore, due to the offset voltage of PSpice simulation which is caused by non-ideal 

parameters of components, the offset voltage of SLPS simulation is also affected. The maximum and 

minimum amplitude of PSpice and SLPS co-simulation are +99.98 V and -98.80 V as well as +99.98 V 

and -98.84 V respectively. 

 

Figure 18: Comparison of PSpice, Simulink and SLPS co-simulation of the power amplifier 

4.1 SLPS co-simulation setting conditions 

In order to get proper co-simulation results, the simulation profiles of PSpice and Simulink have to fulfill 

setting conditions of step-size, run time and input source as following.  
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Step-size 

In Figure 19 SLPS co-simulation results for different Simulink step-sizes but same run times are depicted. 

While the step-size of PSpice simulation is set to 10 µs for each simulation, the step-size of Simulink 

simulation is varied. By setting the same step-size of 10 µs for both PSpice and Simulink simulation, the 

correct simulation result can be obtained. Also the decrease of step-size by a factor of 10 in Simulink, 

which corresponds to a step-size of 1 µs in the given example, yields correct results.  The increase of the 

Simulink step-size to 100 µs leads to an overlooking phenomena.  

 

Figure 19: SLPS co-simulation for different-step sizes but same run time (4 s): The x-axis is scaled to 1ms 

to show the overlooking phenomena. 

Run Time 

Beside of step-size, the different run time of PSpice and Simulink simulation can cause errors. The 

Simulink simulation runtime of 4 s is determined by the sine sweep excitation signal which increases its 

frequency linearly and generates maximum frequency of 5 kHz at 4 s. If the run time of PSpice simulation 

is shorter than the run time of Simulink simulation, errors as in Figure 20 occur.  The step-size is set to 10 

µs for both simulations. 

 

Figure 20: SLPS co-simulation error caused by different run time of PSpice (1 s) and Simulink (4 s)  

Input Source 

In the presented work, sine wave signal of 1 kHz is used as input source for PSpice model while the input 

source in Simulink model corresponds to sine sweep from 1 kHz to 5 kHz. For initialization of SLPS co-

simulation the input source of PSpice model is used whereby it is replaced by the input source of Simulink 

model. Thus, simulation error occurs if the input source in PSpice simulation does not support the 

identification of the electronic circuit behaviour for Co-simulation. Errors occur if different types of input 

sources are used in PSpice model, e.g. DC voltage source. 
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4.2 Co-simulation linked to electromechanical actuator model 

The Simulink inertial mass actuator model with embedded PSpice power amplifier model from Section 4 

are used to perform SLPS co-simulation. The co-simulation result in Figure 21 demonstrates that 

electronic circuit design of the chosen power amplifier can be modelled in PSpice and the ideal power 

amplifier can be substituted, in order to perform electromechanical simulation with non-ideal parameters. 

In comparison to the analytical simulation from Section 2.3, it can be noticed that non-ideal parameters 

which are identified for the chosen power amplifier do not affect the electromechanical behaviour of the 

holistic system.  

 

Figure 21: Co-simulation of Simulink actuator model system with PSpice power amplifier model 

 

5 Summary and conclusion 

The framework of the presented investigation is the active vibration control of planetary gearboxes. In 

order to simulate the inertial mass actuator and power amplifier of the AVC system, experimental 

characterization of actuator and amplifier are carried out. Based on this characterization, a Simulink 

system model, which includes components of inertial mass actuator and power amplifier, is set up. Since 

the model does not consider the physical set up of the power amplifier and non-ideal parameters are 

neglected, SLPS co-simulation is presented as a new approach to simulate power amplifier in Simulink 

simulation environment. SLPS co-simulation allows integration of electrical designs in system level 

designs since PSpice models which takes non-ideal parameters as non-linearity, delays and parasitic 

effects into account can be embedded in Simulink models. The power amplifier PIA-1115-2020 is 

simulated in PSpice first whereby the model of the main component LT1166 is not available in PSpice 

component library. Thus, the LTSpice model of LT1166 is adjusted and verified. The results of PSpice, 

Simulink and SLPS co-simulation are compared. Only marginal divergences in amplitude, offset voltage 

and delay time can be noticed. To carry out a proper SLPS co-simulation, the simulation parameters in 

PSpice as well as in Simulink have to be set correctly. Although electronic component models can be 

obtained from websites of IC manufacturers, they can be inaccurate and lead to false simulation results. 

Another drawback is the convergence problem of PSpice simulation which takes long calculation time into 

account. SLPS co-simulation environment can support design processes of power amplifier at simulation 

level but the co-simulation result still has to be verified by the actual hardware set up.  
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