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Abstract—Diesel generators are an integral component of
remote islanded microgrids in rural Alaska. As inverter-based
generation is integrated in these microgrids, adequate transient
modeling will be necessary as dynamic and transient stability
issues can arise with significant contributions of inverter-based
generation. A complete transient model of a diesel generator
includes models of the machine, exciter, governor, and any relays
or other limiting components. Few studies compare the adequacy
of various types of diesel generator governor or exciter models
or include a volts/hertz (V/Hz) limiting functionality commonly
found in diesel generators deployed in such remote islanded
microgrids. This paper introduces and compares diesel generator
models in response to two load steps against responses from
the ACEP PSI lab 400 kVA diesel generator which represents
a realistic diesel generator found in remote islanded Alaskan
microgrids. A simplified governor model is introduced and
compared to the traditional DEGOV governor model, and the
functionality of a V/Hz limiter added to a DC4B exciter is
demonstrated.

Index Terms—Diesel generators, model parameterization, mi-
crogrid, sensitivity analysis.

I. INTRODUCTION

Alaska’s remote islanded microgrids are primarily pow-
ered by diesel generators, with increasing contributions from
inverter-based wind generators in the coastal villages of the
state. There is significant interest in adopting more renewable
energy with the primary motivation of displacing imported
fossil fuels to reduce the cost of electricity and heat [1].
Historically, dynamic or transient modeling of diesel-only
microgrids was unnecessary. This was due to there being only
one main source of synchronous power generation, whose
dynamics were generally well understood and predictable.
However, adequate transient modeling of these isolated micro-
grids is necessary when inverter-based generation or storage
is added, as dynamic and transient stability issues can arise
with significant contributions of inverter-based generation.

Examples of specific stability issues relevant to remote
islanded microgrids which become present with significant
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contributions of inverter-based generation include: a high rate
of change of frequency due to low inertia [2]-[4], limited fault
current contribution impacting protection coordination [4]-[6],
harmonic instability due to converter inner control loops [7],
[8], interactions between multiple grid-connected converters
[71, [9], [10], and lower frequency oscillations introduced
by the phase-locked loop (PLL), particularly in weak grids
with short circuit ratios less than two [7], [11]. An excellent
review of general converter-based generation stability issues
is provided in [4], [7], [8], [12]. Therefore, as an integral part
of the system, high fidelity transient diesel generator models
will need to be created as remote islanded microgrids integrate
inverter-based generation.

A complete transient model of a diesel generator includes
models of the machine, exciter, governor, and any relays or
other limiting components. The machine of a diesel generator
is commonly modeled using standard synchronous machine
models [13], often simulated in MATLAB® Simulink® with a
six order state-space model, accounting for the stator, field, and
damper winding dynamics [14]. Numerous studies have used
this model for transient studies, including diesel generators,
and have reported their model parameter values [15]-[22].
These model parameter values can be used as a baseline and
tuning range to populate new models, as was done in this
paper. Additionally, numerous dynamic simulations of diesel
generators have implemented simplified diesel genset models,
often containing only one or two first order transfer functions
to simulate the full diesel generator system [23], [24]. These
simplified models will neglect significant dynamics, such as
stator, field, damper winding, saturation, and engine delay
present in diesel generators. These dynamics can not be
ignored as inverter-based generators are operated in tandem
with diesel generators, as the controllers of the inverter-based
generation function on similar or faster time scales than the
diesel generator dynamics, potentially causing interactions.

Common exciter models used in diesel generator transient
studies include ACSA [25], [26] and DC4B [27]. The DC4B
model has also been identified in the diesel generator exciter
documentation at the Alaska Center for Energy and Power’s
(ACEP) Power System Integration (PSI) laboratory. Addi-
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Fig. 1: Simulink® model of diesel generator connected to load bank via 480V AC bus.

tionally, to the best knowledge of the authors, none of the
implementations of exciter models for diesel generators in the
literature include volt/hertz (V/Hz) limiting functionality. A
V/Hz limiter is commonly seen in other primary generation
units [28]-[30], has been identified in the ACEP PSI laboratory
diesel exciter documentation, and represents diesel electric
generators implemented in remote islanded microgrids of
Alaska.

Diesel governors have been modeled in the literature with
a wide range of implementations from the simple single time
constant models [23], [24], to the DEGOV model [31] which
contains six time constants and engine delay. Parameterization
of governor models can be challenging to perform due to
parameter inter-dependency and interchangeability, such as in
the DEGOV governor model with numerous interchangeable
time constants.

There are few studies where these diesel generator models
have been benchmarked against diesel generator field or lab
data. The microgrid model of Igiugig, Alaska which contains
an 80 kVA diesel generator and ten 2 kW Type-4 wind
generators was validated against a symmetrical three-phase
fault [17]. Other studies including experimental or field results
had diesel generators that were much smaller (16 kVA) [32]
or much larger (3.125-3.5 MVA) [16], [33] than what is found
in a remote islanded microgrid setting in Alaska [1].

This paper introduces and compares diesel generator models
in response to two load steps against responses from the
ACEP PSI lab 400 kVA diesel generator which represents a
realistic diesel generator found in remote islanded Alaskan
microgrids. This work introduces a simplified governor model

and compares it to the traditional DEGOV governor model.
This paper also implements a V/Hz limiter within a DC4B
excitation model. All simulation results are compared against
laboratory data collected at the ACEP PSI laboratory.

The contributions of this paper are 1) introduction of a
simplified governor model with comparison to the DEGOV
governor model against measured laboratory test data from
a 400 kVA diesel generator and 2) demonstration of a V/Hz
limiter in the exciter model for islanded microgrid operation
of a diesel generator.

The remainder of this paper is organized as follows. Section
II outlines the modeling of system components of the diesel
generator. Section III describes the parameter identification of
the diesel generator and sensitivity analysis. In Section IV the
simulation results of the diesel generator model for two load
steps are reviewed and validated against the test results. In
conclusion, Section V discusses the implication of the results
found in this study.

II. SIMULATION MODEL

A MATLAB® Simulink® model of the laboratory setup,
outlined in Section III-A, was created and is shown in Fig. 1.
The diesel generator model consists of three components: the
synchronous machine, the exciter, and the governor which are
outlined in the following subsections and the variables are
defined in Table I.

A. Machine Model

The machine model used in this paper is the standard
synchronous generator model for a 406 kVA machine modeled
in the dq reference frame and available in Simulink® [14].
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B. Exciter Model

The excitation system for the diesel generator is the system
that provides field current to the rotor winding. The DC4B
model for the exciter [34] as illustrated in Fig. 2 emulates the
excitation system presented in the datasheet for the CAT C15
diesel generator used in this work.
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Fig. 2: DC4B exciter block diagram as implemented in [34]

A V/Hz limiter is used with the DC4B exciter to prevent
over-fluxing as a result of over-voltage or under-frequency
conditions which could damage the exciter. The implemen-
tation of the V/Hz limiter is as shown in Fig. 3 and is based
on a hydro generator V/Hz limiter implementation [29]. The
V/Hz limiter takes the ratio of the terminal voltage and the
measured frequency and compares it to a setpoint ratio. If the
error between the voltage and frequency ratio and the setpoint
is positive, then the integrator acts to produce a negative signal
that reduces the voltage setpoint sent to the exciter until the
V/Hz ratio is below the setpoint. As soon as the error becomes
negative, the integrator is reset and the limiting signal sent to
the exciter is zero.

Fig. 3: V/Hz limiter.

To the best knowledge of the authors, this is the first
presented modeling implementation of a V/Hz limiter for a
diesel generator. This implementation represents the V/Hz
functionality commonly seen in diesel generators used in
remote islanded microgrids in Alaska.

C. Governor Models

The governor of the diesel generator determines the shaft
mechanical power for the generator model. Two different
governor models, a simple governor model, and a DEGOV
governor model, are compared in this paper to assess their
accuracy against the experimental data. Other governor models
found in the literature are designed to be mainly used for
gas turbines, steam turbines, hydro turbines, etc. The simple

TABLE I: Synchronous machine [14], [26], [32], DEGOV
[26], [27], [31], [32], [35], [36], and DC4B model parameters
and value ranges [26], [27], [34]

Parameters [ Tabulated Description Units
Machine Parameters
H 0.2709 Inertia constant seconds
Fy 0.02558 Friction factor pu
X 0.07 Leakage reactance pu
Simple Governor Parameters
Kp 22 P controller gain -
Ki 25 I controller gain -
k 1 Actuator gain -
Tsm 0.09 Actuator time constant seconds
Td 0.001 Engine delay seconds
C 0.85 propotional constant -
DEGOV Parameters
T, 0.025 Actuator time constant seconds
T2 0.0015 Actuator time constant seconds
Ts 0.4 Actuator time constant seconds
Ty 0.025 Controller time constant seconds
Ts 0.009 Controller time constant seconds
Tg 0.01 Controller time constant seconds
K 22 Controller gain -
Tq 0.015 Engine delay seconds
DC4B Parameters
T, 0.002 0.001 0.04
K, 400 Regulator output gain -
T, 0.0012 Regulator output time constant seconds
Vrmin -10 Minimum voltage regulator output pu
Vrmax 30 Maximum voltage regulator output pu
Ky 0 Excitation system stabilizer gain -
Ty 0 Excitation stabilizer time constant seconds
K. 32 Exciter constant -
T, 0.07 Exciter time constant seconds
K, 500 Regulator proportional gain -
K; 100 Regulator integral gain -
Kq 400 Regulator derivative gain -
Na 30 Regulator derivative time constant seconds
K, 5 Anti-windup gain -
K, 900 Loop gain -

governor model presented in this paper was based off of
various literature implementations [15], [21], [37], and is
designed for ease of tuning due to the use of the traditional
PID controller. The DEGOV governor model is the traditional
diesel governor model commonly used in transient modeling
of diesel generators [31].

1) Simple Governor Model: The simple governor model
introduced in this paper is a coalescence of a speed regulator
and an actuator. The simple governor model for the diesel
generator operates in isochronous mode as shown in Fig. 4.
The isochronous mode is considered for modeling in this work,
however, a droop functionality can easily be added to the
model if multiple generation units are present. 1%, is the
actuator time constant, and 7T is the engine delay. C is the
proportionality constant, and ¢ is the efficiency of the engine.

2) Woodward Diesel Governor DEGOV Model: The Wood-
ward diesel governor DEGOV model [31] is based on sim-
ilar implementations in [38], [39] and illustrated in Fig. 5.
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Fig. 4: Simple governor block diagram for diesel generator
operation in isochronous mode [37].

Ty,T5,T3,Ty,Ts, and Tg are the actuator time constants. Tp
is the engine delay.
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Fig. 5: Woodward diesel governor DEGOV block diagram
[39].

III. SIMULATION RESULTS

The model developed for the diesel generator in this work
is simulated for two different load steps i.e. 1) Large step-up:
80 kW and 0 kVar to 240 kW and 160 kVar and 2) Large step-
down: 240 kW and 160 kVar to 80 kW. The model parameters
were selected to obtain the best results over different load
step changes in comparison to the laboratory results without
significant deviation from the nominal values acquired from
the literature and the CAT C15 diesel generator datasheet and
their values are presented in Table 1.

A. Experimental Setup and Data Collection

ACEP’s PSI laboratory has a full-scale microgrid testbed de-
signed to represent typical Alaskan remote islanded microgrids
at medium voltage levels. The PSI laboratory components used
in this study include the CAT C15 400 kVA diesel generator
and the two 313 kVA loadtec resistive/inductive load banks
connected via a 480 V AC bus. Data was collected using a
Yokogawa DL850 oscilloscope with a 50 kHz sampling rate.
All three phases of instantaneous voltage (V,, Vin, Vern) and
line currents (I, Iy, I.) were collected. The root mean square
(RMS) voltage, current, frequency, and real and reactive power
were calculated using the measured instantaneous voltage and
currents signals.

B. Simple Governor and DEGOV Governor Model Compar-
isons

The active and reactive power, voltage, and frequency
responses of the diesel generator models with the simple
governor and the DEGOV governor in comparison to the
laboratory data are shown in Fig. 6 for the two load step
changes.

The laboratory results demonstrate that the recovery time of
the diesel generator from the initial load step is approximately
within 1 second. However, the frequency response has more

TABLE II: The nRMSE response error between simulation
results and the 400 kVA diesel generator responses.

Load Response nRMSE Error (%)
Step Type Simple Governor | DEGOV
Active Power (P) 5.81 5.15
Large Load Step Up: -
30 KW and 0 kVar fo Reactive Power (Q) 5.27 4.92
240 kW and 160 kVar Voltage (v) 6.24 6.01
Frequency (f) 13.88 12.41
Active Power (P) 6.42 6.67
Large Load Step Down: -
240 kW and 160 EVar fo Reactive Power (Q) 6.09 6.16
80 kW and 0 kVar Voltage (v) 6.73 7.00
Frequency (f) 11.43 15.39

delayed and variable recovery. Significant transients are seen
in the frequency response after the initial swing at the time
of the load step. Additionally, the ringing after recovery to
60 Hz in the lab data shows that the gain of the governor
is approaching the high limit. Numerous factors impact these
secondary transient responses, such as non-linear engine de-
lays. Restrictions in both air flow and fuel flow can also add
to the recovery time it takes an engine to return to the rated
speed and frequency irrespective of the controller action, such
as the governor. Inconsistencies between the simple governor
and DEGOV responses and the laboratory data seen in Fig. 6
exist, this is most predominately in the frequency response. In
particular, this is most prevalent with the transient response of
the load step up where there is a sharp dip at 0.2 s prior to
the full initial transient swing at around 0.4 s in the frequency
response, and secondary transients occuring from 0.5 s to
1.6 s. Multi-sourced engine delays could impart the secondary
transients seen in the frequency response, or they could be due
to differences in actuator design compared to actuator transfer
functions found in the governor models. Data-driven models
will be pursued in future work to identify potentially more
suitable actuator and engine delay functions.

The nRMSE error between the response of the diesel
generator model with the simple governor and DEGOV gov-
ernor model and the measured data from the lab test for
both load steps is shown in Table II. We can observe from
Table II and Fig. 6 that the error in the response of the diesel
generator simulation model using both governor models is
almost similar. However, the error in the frequency response
is greater for both governor models in comparison to the other
responses. Between the two governor models presented in this
work, the simple governor model utilizes a PID controller, and
there are well established methods like the Ziegler-Nichols
method to tune PID controllers. Hence the proposed simple
governor model would be a more approachable alternative
to the DEGOV model for future applications and the simple
governor exhibits similar responses to the DEGOV model.

C. Volts/Hertz Limiter Functionality

The V/Hz limiting function is a control feature within the
automatic voltage regulator (AVR) as shown in Fig. 2 that
limits the exciter set point voltage to mitigate over-fluxing in
over-voltage or under-frequency conditions. The reference of
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Fig. 6: Diesel generator response with simple governor and DEGOV model for the load step change (a) 80 kW and 0 kVar to
240 kW and 160 kVar, (b) 240 kW and 160 kVar to 80 kW and 0 kVar.

the V/Hz limiter is set to 1.04 pu and is tabulated from the
data provided in CAT C-15 diesel generator datasheet. After
the load step change from 80 kW and 0 kVAR to 240 kW and
160 kVAR, the V/Hz limiter provides a corrective action at
1.04 pu reducing the generator voltage by 2.5% as compared
to the corrective action without the limiter as shown in Fig. 7.
We can also observe from Fig. 7 that the corrective action for
frequency response with V/Hz limiter is almost 0.05 s faster.
Similar responses were obtained for other load step change.
The parameter values for the V/Hz limiter implemented in this
work are shown in Table III.
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Fig. 7: Comparison between the diesel generator response with
and without the V/Hz limiter for load step change of 80 kW
and 0 kVAR to 240 kW and 160 kVAR.

IV. CONCLUSION

The mathematical model of the V/Hz limiter excitation
system and the comparison between two governor models of
the diesel generator are presented in this work. The V/Hz lim-
iter implementation is demonstrated and provides corrective
action for the terminal voltage, with a V/Hz setpoint of 1.04

TABLE III: Parameter values for V/Hz limiter

V/Hz Parameters Tabulated Minimum Maximum
K1 1000 500 2000
Kiaz 1 0.95 1.05
K7n1'm, 0 0 0

K> 0.007 0.001 0.1

V/Hz setpoint (pu) 1.04 1.01 1.05

pu, which limits the voltage and reactive power during the
exhibited load step changes. The V/Hz implementation also
provides faster corrective action on the frequency response.
Also, the output response of the developed diesel generator
model is compared with the laboratory measurements of the
400 kVA CAT C15 diesel generator at the ACEP PSI lab
for four different load step changes. By comparing the output
response of the diesel generator model with the measurement
data, we can conclude that both the simple governor and
DEGOV model capture the transient dynamics equally well,
but the simple governor model is easier to tune and implement.
Hence, a diesel generator model with a simple governor would
be a more approachable alternative for future applications.
However, there is an opportunity for improved governor ac-
tuator and engine delay models to better capture secondary
frequency transient responses and this will be presented in the
future work.
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