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Abstract 
Isolated grid operation has been proposed as a feasible solution in case of long-lasting power blackouts, using the available 
generation units inside a local area. The availability of reliable generation plant models becomes very important to inves-
tigate the new stability margins within an isolated grid. Previous works use simulation models based on simplified con-
troller models [11] or typical controller values [7] found in the literature for stability analysis, which calls into question 
the applicability of its results in field cases. A more realistic approach, for stability analysis in isolated grids, can be 
attended by using validated simulation models. However, the absence of general guidelines for parameter validation and 
optimization makes subsequent analysis difficult. This work proposes a methodology for model validation using meas-
urement data of a synchronous generator powered by a diesel motor, used by a network operator in Germany for emer-
gency power supply during network maintenance. Results show that it is possible to find the best-suited controller pa-
rameters, given available standard models for frequency and voltage outputs.  
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1 Introduction 
The increased penetration of inverter-based resources 
(IBR) has not only changed the structure of the power grid 
but instead brought challenges to the stable operation of the 
power system. In Germany, the planned shutdown of nu-
clear power plants, the high energy prices, and the addition 
of new loads like heat pumps and electric vehicles into the 
grid may jeopardize its stability and may increase the pos-
sibility of the occurrence of a blackout.  
Islanded grids are currently of great research interest since 
they offer a temporary solution for large-scale power out-
ages [1]. The projects LINDA (Local Island Network sup-
ply with Decentralized generation plants) and LINDA 2.0 
investigate several aspects regarding isolated grid opera-
tion in low and medium-voltage networks using different 
power sources like a hydro-power plant, a diesel genset, 
and a battery storage system. The effect of integrating ex-
isting rooftop solar power plants in low voltage islanded 
grids is also studied, without the installation of communi-
cation facilities between loads and generators or additional 
external controllers.  
Diesel-electric generators are currently used by network 
operators, for instance, as an emergency power supply in 
case of network maintenance. In addition, its potential us-
age in case of long-lasting power outages is also a research 
question. Currently, the operating frequency is set so that 
decentralized generation is not allowed. This is to avoid 
power fed back into the generator, which physically cannot 
be absorbed. In Germany, this means the generator oper-
ates at a frequency of 51.7 Hz.  

A more sustainable operation of this isolated grid should 
allow the feed-in of existing decentralized generation. 
Nevertheless, the dynamic interaction between the partici-
pating loads and generator units has yet to be determined.  
Understanding the dynamics of the components of an iso-
lated grid is essential for the establishment of stability lim-
itations, the development of strategies, and the suggestion 
of operating improvements. In the case of emergency op-
eration of low-voltage islanded grids, no significant 
changes in the protection systems are possible. Therefore, 
factors like peaks and recovery times after a load connec-
tion are highly critical to be emulated within a simulation 
environment. By this, the operating limits of the isolated 
system are identified and improvements on the generator 
controller settings can be suggested.  
Reliable models of generators and loads are required to 
predict trustable results of an isolated grid, for instance dur-
ing transient events. Previous works use simplified control-
ler models [11] or typical controller parameters [7] for sta-
bility studies. This calls into question the extent of its ap-
plicability in field study cases. Former works also empha-
size the frequency behavior [9][10], however, when work-
ing in islanded grids as an emergency solution in case of a 
blackout, it is equally important to consider the voltage be-
havior. Another challenge is the absence of general guide-
lines for measurement-based model validation of diesel-
electric generators.  
This paper proposes an approach to a general, but simple 
and time-efficient, methodology for the modeling and pa-
rameter identification of the most suitable controller values 
for a 275 kVA diesel electric generator. The parameters are 
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identified based on measurement data, as described in the 
third section. The optimization algorithm is used to identify 
optimal parameter values of the engine governor and ex-
citer models, based on the measured active power and re-
active power response of the connected load.  
This article is organized as follows: Section II describes the 
Diesel Electric Generator Model. Section III, the scientific 
methodology employed in this work for the controller pa-
rameter identification is described. Section IV illustrates 
the validation results for different test cases. Finally, con-
clusions are met in Section V.   

2 Diesel Electric Generator 
Dynamic Model  

The network configuration inside the DigSILENT Power-
Factory file consists of a generator connected to a load. On 
the load side, measurement data recorded each 10ms is 
connected to the low-voltage bus. This simulates, with high 
resolution, the dynamic behavior of the loads connected to 
the generator. Figure 2 shows the real and reactive power 
response of a compressor with a rated power of 30 kW 
given a resistive pre-loading of 30 kW. Notice that the 
start-up time of the compressor takes around 12 s.  
 

 
Figure 1 Active and Reactive Power behavior for a 30 kW 
compressor load connection given a base load of 30 kW  

On the generator side, the three-phase Synchronous Ma-
chine element is parametrized according to the information 
given by the manufacturer.  
 

 Rated Power (Prime Mover): 0.3 MVA 
 Rated Voltage: 400 V 
 Rated Power Factor: 0.8 
 Connection: Y 
 Inertia Constant H: 0.6 s 

 
Standard models for the frequency and voltage controller 
are initially selected based on the datasheet. Here, a first 
comparison against the available model variations is per-
formed, to obtain the most likely suitable controller. In this 
work, the selected standard models are Woodward DE-
GOV and IEEE EXAC1, for frequency and voltage con-
troller, respectively. A schematic of the composite model 
corresponding to the synchronous generator model is 
shown in Figure 3. 

 
Figure 3 Schematic of the simulation model of the diesel-
electric generator  

Figures 4 and 5 illustrate the detailed models for the fre-
quency and voltage controllers, respectively. DEGOV 
stands for diesel governor. It describes the mechanical 
power of a turbine driven by a diesel motor, responsible for 
inducing current on the generator side. This state-of-the-art 
governor is commonly used in the dynamical modeling of 
diesel-electric generators and two variations are known: 
with and without droop control. In this work, only one gen-
erator was considered, therefore, no droop is needed. 
EXAC1 stands for an excitation controller, whose power 
source is provided by the AC output of the same generator 
using non-controlled rectifiers like diodes.  

 
Figure 4 Standard Woodward DEGOV Model [6] 

 
Figure 5 Standard IEEE EXAC1 Model [2] 

The Woodward diesel governor consists of the following 
main blocks: an electric speed sensor, a hydromechanical 
actuator, and the diesel engine itself, represented as a time 
delay. Table 1 presents a detailed description of the phys-
ical meaning of all the variables defined in the model in-
cluding their respective unit.    
 
Table 1 DEGOV Parameter Description 

Name Description Unit 

T1 Governor mechanism time constant  s 

T2 Turbine power time constant s 

T3 Turbine exhaust temperature time constant s 

K Governor gain pu 
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T4 Governor lead time constant s 

T5 Governor lag time constant s 

T6 Actuator time constant s 

Td Engine time delay s 

Tmin Upper limit pu 

Tmax Lower limit pu 

 
The EXAC1 model comprises the following four main 
blocks: measurement, voltage regulator, exciter, and stabi-
lizer. In contrast to the ten variables to be optimized on the 
selected governor model, the excitation control model con-
sists of 17 variables, as described in Table 2.   
 
Table 2 EXAC1 Parameter Values  

Name Description Unit 

Tr Voltage transducer filter s 

Tb Voltage regulator lag time constant s 

Tc Voltage regulator lead time constant s 

Ka Voltage regulator gain pu 

Ta Voltage regulator time constant s 

Vrmin Minimum voltage regulator output pu 

Vrmax Maximum voltage regulator output  pu 

Te Exciter time constant s 

Kf Stabilizer gain pu 

Tf Stabilizer time constant s 

Kc Rectifier loading factor  pu 

Kd Demagnetizing factor pu 

E1 Output voltage at which saturation is defined  pu 

Se1 Saturation value at the value E1 pu 

E2 Output voltage at which saturation is defined pu 

Se2 Saturation value at the value E1 pu 

Ke Exciter constant (self-excited field) pu 

3 Methodology 
This measurement-based approach counterbalances the 
physical significance of each parameter with its contribu-
tion to the output signals (e.g. frequency, voltage).  
The data is acquired by stimulating the diesel generator 
with different base loads and load steps. The magnitude of 
the power jumps was defined considering a typical load 
step capability diagram of a diesel engine, which defines a 
fixed load acceptance value of 33% for base loads up to 
67% [7]. The measurement data has been classified into 
four cases as shown in Table 3.  
 
Table 3 Load types cases 

Case Name Load Type Base load 
in kW 

Power Jump 
in kW 

Case a Compressor 30 30  

Case b 50 

Case c Resistive load 
bank 

20 20, 40  

Case d 60 

For the excitation controller, an initial comparison was per-
formed considering the parameter range given by [2] with 
two standard sets found in [4] and [5]. An overview of 
these values can be found in Table 4.  
 
Table 4 EXAC1 Parameter Comparison 

Parameters Parameter 
range [2] 

Standard 
[4],[5] 

Optimized 

Tr [s] 0 – 0.5 0 0.015 

Tb [s] 0 – 20 0 0 

Tc [s] 0 – 20 0 0 

Ka [-] 0 – 1000 400 320 

Ta [s] 0 – 10 0.02 0.012 

Vrmin [pu] -10 – 0 -5.43 -4.0135 

Vrmax [pu] 0 - 10 6.03 10 

Te [s] 0.02 – 2 0.8 0.866 

Kf [pu] 0 – 0.3 0.03 0.03 

Tf [s] 0.02 – 1.5 1 1 

Kc [pu] 0 – 1 0.2 0.1 

Kd [pu] 0 – 1 0.38 0.00002 

E1 [pu] - 4.18 4.18 

Se1 [pu] 0 – 1 0.1 0.1 

E2 [pu] - 3.14 3.14 

Se2 [pu] 0 – 1 0.03 0.03 

Ke [pu] 0 – 1  1 1 

 
The application of an optimization algorithm at an early 
stage could lead to unnecessary long convergence time and 
not realistic results. Therefore, understanding the physical 
meaning of all the involved controller variables can be 
helpful for model simplification purposes, decreasing opti-
mization algorithm convergence time and at the same time, 
obtaining plausible results.  
The model validation in the case of the voltage controller 
was performed as illustrated in Figure 6.   

 
Figure 6 Optimization algorithm  

The starting point is a parameter set comprised by the de-
fined range for each variable (Table 4) and denoted as 𝑥଴. 
This starting set has a dimension of seventeen rows and one 
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column whose content corresponds to the defined range for 
the corresponding variable. 
During the model simplification stage, some variables 
were considered negligible or not to have a relevant influ-
ence on the voltage output. This is the case of the filter, the 
voltage regulator lag, and lead time constants, which were 
set to zero.  
Since the magnitude of the load steps considered in this 
work was not significant enough to violate the saturation 
regions, all the variables on the saturation block were con-
sidered to be the same as standardly defined (E1, Se1, E2 
and Se2). After this step, a parameter subset of 𝑥଴ is gen-
erated and named 𝑥ଵ. The dimension of the rows associated 
with a variable range is reduced to 10, as illustrated in Ta-
ble 5.   
 
Table 5 Parameter Subset xଵ example 

Subset Name Parameter Name Parameter 
Value / Range 

Status 

𝑥ଵ Tr 0 fixed 

Tb 0 fixed 

Tc 0 fixed 

Ka 0 – 1000 variable 

Ta 0 – 10 variable 

Vrmin -10 – 0 variable 

Vrmax 0 - 10  variable 

Te 0.02 – 2 variable 

Kf 0 – 0.3 variable 

Tf 0.02 – 1.5 variable 

Kc 0 - 1 variable 

Kd 0 - 1 variable 

E1 4.18 fixed 

Se1 0.1 fixed 

E2 3.14 fixed 

Se2 0.03 fixed 

Ke 0 - 1 variable 

 
In the iteration evaluation stage, given all the remaining 
parameters and their respective fully defined range, itera-
tions were performed on one variable simultaneously, leav-
ing the other variables with the standard values defined in 
the literature. At the beginning, the precision of the itera-
tions was directly connected to the defined parameter 
range. For instance, for variables like Kc whose range is 
defined between zero and one, iterations every 0.1 pu were 
performed. In the same way, for variables like Vrmax the it-
erations were performed every 1 pu since its defined range 
is between -10 and 0.  
At the end of this stage, some parameter values were al-
ready fixed to a defined value, based on their proximity to 
the measurement data and the suggested standard values in 
[4] and [5]. The simulated most suitable value was selected 
based on a compromise between the peak magnitude (min-
imum, maximum) and its approximate time location when 
compared to the measurement data. At this point, the fol-
lowing variables found their best suitable value to be: Ta at 

0.015 s, Kc at 0.2 pu, Ke with 1 pu, Kf fixed to 0.03 pu and 
Tf equal to 1 s.  The dimension of parameters (rows) asso-
ciated with a variable range is now reduced to 5.   
It is not a surprise that the remaining controller blocks have 
a high dynamical impact on the voltage output: voltage reg-
ulator (Ka, Vrmin and Vrmax), exciter (Te), and armature re-
action (Kd). This parameter subset represents specific char-
acteristics of the voltage regulator and exciter used by the 
manufacturer of the diesel generator. 
The investigated range of these five variables was also 
shortened during the iteration evaluation stage. By this, a 
new parameter subset 𝑥ଶ was generated, which contains all 
the shortened subranges from 𝑥ଵ as well as all the fixed 
parameter values, that better approximate the measurement 
data. The subset 𝑥ଶ is the initial input to the optimization 
algorithm phase.  
Particle Swarm Optimization (PSO) algorithm was run for 
a considerably reduced number of parameters and their re-
spective shortened range. In this stage, the measurement 
delay was again considered as an input to the optimization 
algorithm, to accurately reach the maximums and mini-
mums in the voltage curve. The convergence time was also 
significantly reduced using the above-described procedure. 
To evaluate whether an optimized value is accepted or dis-
carded, the measurement data is compared with the results 
from a simulation using these optimized values by means 
of the mean square error (MSE), calculated as shown in 
Equation (1):  

𝑀𝑆𝐸 =
∑(𝑦௜ − 𝑦ො௜)

ଶ

𝑛
∗ 100 % (1) 

Being 𝑦௜  the simulated value, 𝑦ො௜ the measurement value 
and 𝑛 the number of sampling points. In this work, a nu-
merical comparison among other metrics like frequency 
minimum will also be presented in Section 4.  
The PSO parameter range is continuously being reduced 
(updated) so that it better approximates the measurement 
data until the calculated error percentage is below the de-
fined maximum value. The optimization algorithm ends 
and its output is a parameter set 𝑥୭୮୲  which contains all the 
optimized values that best suit the measurement data. In 
this work, a threshold of 0.5% error was considered.   
The model validation in the case of the frequency control-
ler is similar to the case of the voltage regulator. The pa-
rameter range for the governor is given by [6] and standard 
sets were taken from [7]. An overview of these values can 
be found in Table 6. 
 
Table 6 DEGOV Parameter Comparison 

Parameters Parameter 
range [6] 

Standard 
[7] 

Optimized 

T1 [s] 0 - 25 0.2 0.001 

T2 [s] 0 – 0.5 0.1 0.000824 

T3 [s] 0 – 10 0.5 0.5 

K [pu] 15 – 25 15 25 

T4 [s] 0 – 25 1 0.00451 

T5 [s] 0 – 10 0.1 0.099102 
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T6 [s] 0 – 0.5 0.2 0.000006 

Td [s] 0 – 0.125 0.01 0.01 

Trmax [pu] 0 – 1.5 1.1 1.1 

Trmin [pu] -0.05 – 0.5 0 0 

 
The parameter set 𝑥଴, started with a dimension of ten rows 
(variable range). In the model simplification stage, we con-
sidered an ideal engine i.e. engine delay Td to be zero. Typ-
ical ignition delay is around 1 ms between 15% and 25% 
loading conditions. [8]  
During the iteration evaluation stage, Tmax, Trmin, and T3 
were set to their standard values since they had the best fit 
among the defined range.  
Finally, the following parameter values were found using 
PSO: T1, T2, T4, T5, and T6. Thus, reducing the optimization 
load to 60%. For the error evaluation, results generated 
with an engine time delay of 0.01 s were considered.  
Tables 4 and 6 include the resulting optimized parameter 
values for the voltage and frequency regulator, respec-
tively. It is worth mentioning that although these parameter 
values were optimized for cases a and b, they are also valid 
for cases c and d, disregarding whether the load was con-
nected or disconnected from the generator (positive or neg-
ative load steps). At the end of Section 4, an evaluation of 
the error percentage obtained for all cases in Table 3 is 
shown.  

4 Results  
The results section is divided into four test cases.  

4.1 Test Case I: Comparison with standard 
values 

Figure 7 shows a comparison between measurement and 
simulation data, using standard and optimized controller 
values. The data correspond to the same 30 kW compressor 
load connection at t = 10 s shown in Figure 2. 
 

 
Figure 7 Comparison between measured and simulated 
frequency and voltage response after the connection of a 
30 kW compressor   

The optimized curves are best suited to the measured val-
ues for the frequency and voltage outputs. It is clear that 
results obtained from the standard controller values do not 

correlate with the measurement data. This lack of correla-
tion could lead to wrong conclusions when a deeper analy-
sis is performed.  

4.2 Test Case II: Resistive-Inductive load 
connection 

Figure 8 shows a comparison of the frequency and voltage 
response among cases a and b, which correspond to the 
connection of a 30 kW compressor given a base load of 
30 kW and 50 kW respectively. As shown in Figure 2, the 
start-up of the compressor contains two transient curves 
one at t = 10 s and the second around t =18 s. These two 
moments in time are shown on the left and right sides of 
Figure 8, respectively.  
 

 
Figure 8 Comparison between measured and simulated re-
sponse of the generator model, for the connection of a com-
pressor load ΔP = 30 kW given two different base loads   

It can be noted that although the base load is different for 
these two cases, the frequency dip is very similar when a 
resistive-inductive load is connected to the generator. The 
simulated model is able to replicate accurately the dynam-
ics of the nadir frequency. In the case of the rate of change 
of the frequency (RoCoF), a relatively high error between 
the measurement and simulation value is evident, which 
could be explained by the error calculation procedure, 
since it takes the complete file of measurement data includ-
ing the connection and disconnection of the load and not 
the gradient(s) separated from each other. The considera-
tion of the RoCoF could be a further extension of this 
work., as shown in Table 7.  
 
Table 7 Overview of frequency properties for cases a, b 

Case Name / frequency property Case a  Case b 

Measurement Nadir frequency (Hz) 49.09 49.07 

Simulated Nadir frequency (Hz) 48.87 48.90 

Measurement RoCoF at 100ms (Hz/s) -7.65 -7.30 

Simulated RoCoF at 100ms (Hz/s) -9.75 -9.50 

 
On the voltage side, the maximums and minimums, oscil-
latory behavior, and damping times after the resistive-in-
ductive load connection are also accurately replicated. A 
similar detailed numerical analysis as Table 7 could be 
performed for the voltage output characteristics.  
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4.3 Test Case III: Base load Influence for 
resistive-only load connection 

Figures 9 and 10 show a comparison of the frequency and 
voltage response between cases c and d, respectively. This 
corresponds to an additional load connection of 20 kW and 
40 kW, given a base load of 20 kW and 60 kW, corre-
spondingly.  
For both base loading cases, a load step of the same mag-
nitude has a similar effect on both frequency dips. But as 
expected, for higher base loads (case d), a deeper load con-
nection produces a deeper nadir frequency and requires a 
longer recovery time.  
Although the predicted RoCoF of the validated model is 
higher than the measured one, in the analysis under consid-
eration it is desired that the simulation results provide a 
higher margin of confidence than expected in practice.  
Similar effects due to the load stepping can be identified on 
the voltage curve, i.e. deeper voltage peaks for deeper 
power jumps. All transient oscillations are damped after 1 s 
of the load event. These effects are also replicated by the 
validated simulation model as shown in Table 8.   
 
Table 8 Overview of frequency properties for case c (base 
load 20 kW) 

Case Name / frequency property 
(P0=20 kW) 

ΔP=20 kW ΔP=40 kW 

Measurement Nadir frequency (Hz) 49.69 49.39 

Simulated Nadir frequency (Hz) 49.61 49.25 

Measurement RoCoF at 100ms (Hz/s) -2.15 -4.60 

Simulated RoCoF at 100ms (Hz/s) -2.80 -5.55 

 

 
Figure 9 Comparison between simulated and measured re-
sponse of the generator model, for the connection of addi-
tional load given a base load of 20 kW (case c) 

Table 9 Overview of frequency properties for case d (base 
load 60 kW) 

Case Name / frequency property 
(P0 = 60 kW) 

ΔP=20 kW ΔP=40 kW 

Measurement Nadir frequency (Hz) 49.60 49.09 

Simulated Nadir frequency (Hz) 49.61 49.14 

Measurement RoCoF at 100ms (Hz/s) -2.55 -7.10 

Simulated RoCoF at 100ms (Hz/s) -3.05 -7.60 

 
Figure 10 Comparison between simulated and measured 
response of the generator model, for the connection of ad-
ditional load given a base load of 60 kW (case d) 

4.4 Test Case IV: Load Step Influence for 
resistive-only load connection 

Figure 11 shows a comparison of the frequency and volt-
age response considering a power jump of 20 kW for two 
different base loads. In Figure 12, a load step of 40 kW is 
considered. Similar to Test Case II, the base load plays a 
minor role in the measured nadir frequency. It can be stated 
that the frequency and voltage dips are mainly depending 
on the magnitude of the power step, as expected. The 
higher the additional load connection, the deeper the drops 
in the voltage and frequency response will be.  
 

 
Figure 11 Comparison between the simulated and meas-
ured response of the generator model, for the connection of 
additional 20 kW load, given different base loads 

 
Figure 12 Comparison between the simulated and meas-
ured response of the generator model, for the connection of 
additional 40 kW load, given different base loads 
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No clear mathematical relationship could be established 
between different base loads and the frequency dynamics, 
nevertheless, a higher base load could be associated with a 
higher frequency gradient.  
Finally, an overview of the mean square error percentage 
obtained on each load case is shown in Figure 13. The er-
ror between measurement data and optimized simulation 
data was compared to the error between measurement data 
and standard simulation data. The comparison of cases c 
and d included both load steps (ΔP=20 kW and ΔP=40 kW) 
as described in Table 3. The highest error percentages were 
obtained on the frequency output. Results obtained with 
standard parameters are up to 70 times far away from the 
ones with a validated model for the case of the frequency 
and up to 90 times for the case of the voltage.  
 

 
Figure 13 Comparison between simulated and measured 
values of frequency and voltage of the generator model 

5 Conclusions  
This work proposed a general methodology for parameter 
identification using standard controller models of a diesel-
electric generator and measurement data.  
Starting with a high number of parameters to be optimized 
on the governor and excitation regulators, an initial simpli-
fication is performed considering the background under-
standing of the functionality of each block inside the con-
troller. The main blocks influencing the voltage output are 
the voltage regulator, exciter, and armature reaction. In the 
case of the frequency output, is the actuator box as shown 
in previous works [9]. A shortened iteration range contrib-
utes to a shorter convergence time and better performance 
of the optimization algorithm. Finally, defining a maxi-
mum error level is important to increase the accuracy of the 
validated simulation model.  
The results section showed that it is possible to find a set 
of optimized parameter values using the proposed method-
ology without significant loss of its reliability. A trustwor-
thy approximation for the frequency and voltage outputs 
could be obtained through a range of parameter values 
valid for all the tested events in this work. 
It is important to state that although the optimized parame-
ter values are valid for all the defined load cases, the exist-
ence of a different set of parameter values valid for higher 
load steps is plausible. Nevertheless, the load step capabil-
ity of the diesel engine should also be considered. To ex-
tend the validity range of the validated model beyond the 

tested cases in this work, a non-linear parametrization of 
the controller would be necessary.  
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