
REGULATION OF SYNCHRONOUS GENERATORS BY MEANS OF 
HYDROSTATIC TRANSMISSIONS 

 
José Cidrás 

IEEE Member 
Camilo Carrillo 

 
Departamento de Enxeñería Eléctrica 

ETSIIM - Universidade de Vigo, SPAIN 
jcidras@uvigo.es carrillo@uvigo.es 

Abstract In many applications within the engineering world, 
an isolated generator is needed (e.g. in ships). Diesel units (diesel 
engine and synchronous generator) are the most common solution. 
However, the diesel engine can be eliminated if the energy from 
another source (e.g. the prime mover in a ship) is used to move the 
generator. This is the case for the Shaft Coupled Generator, where 
the coupling between the mover and the generator is made via a 
hydrostatic transmission. So that the mover can have different 
speeds and the generator is able to keep a constant frequency. The 
main problem of this system is the design of a speed governor that 
make possible the desired behaviour. 

In this paper a simulation model is presented in order to analyse 
the behaviour of this kind of systems and to help in the speed 
governor design. The model is achieved with an parameter 
identification process also depicted in the paper. A comparison 
between simulation results and measurements is made to shown the 
model validity. 
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I. INTRODUCTION. 

In many engineering applications, a transference of energy 
between two systems that have different rotation speeds is 
needed. The Shaft Coupled Generator (SCG) is an example. 
This system is used as an alternative to diesel power stations 
e.g. in ships. So, by means of a Hydrostatic Transmission 
(HT), the necessary torque to move a Generator is obtained 
from the main Prime Mover (e.g. in a ship, it is the 
propulsion engine) . Furthermore, the SCG Speed Governor 
must keep the speed in the Generator Shaft at its reference 
value. 

The HT can be formed by a Hydrostatic Pump and a 
Hydrostatic Motor connected by pressure lines forming a 

closed circuit. In the lines, high pressures could be achieved 
when the hydrostatic fluid is pumped. The pump has 
Variable Displacement Volume, so the flown volume per 
revolution can be changed. As a result, the ratio between 
the rotation speeds of the pump  and the motor can be 
modified. The electronic variation of the Displacement 
Volume is achieved by means of an Electrohydraulic Stroke 
Control installed on the pump. 

This paper is focused on modelling and simulation of a 
SCG. The simulation results are compared with real 
measurements from a SCG installed in the laboratory. 
Therefore, a complete model is presented and the 
identification and simulation processes are depicted. 

II. DESCRIPTION OF THE SCG. 

The main SCG component is the HT. Commonly, this 
element is used to connect mechanical systems, called 
prime mover and mechanical load, which may have 
different and variable rotational speeds. So the energy 
transference between them is possible. 

The primer mover in SCG’s installed in ships is the 
Propulsion Engine which is connected to the pump. The 
mechanical load is a Synchronous Generator which is 
coupled to the shaft of Hydrostatic Motor. In this way, the 
propulsion engine may have a wide range of rotational 
speeds and the Generator can keep his rotational speed at 
the reference one. This behaviour is achieved with a Speed 
Governor that acts on the Electrohydraulic Stroke Control, 
when the adequate variation on the Displacement Volume 
(αref) in the pump is chosen. A laboratory SCG (Figure 1) 
has been used in order to obtain the measurements that 
allows the identification and validations processes. This 
equipment has the following components:  

• Prime Mover. This element would be the propulsion 
engine on a SCG installed in a ship. However in a 
laboratory, it is more appropriate to use a DC Machine 
where an AC/DC converter is used to vary the speed. 

• Synchronous Generator. It is the part of the system 
that produces the electric power. 

• Electric Load. A set of resistances connected to the 
generator is used for this purpose. The amount of 
connected resistances is varied by means of electronic 
relays. 
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Figure 1. Components of a Shaft Coupled Generator (SCG). 

• Hydrostatic Transmission (HT). This is the main SCG 
component. The HT[1][2] is the power transmission 
element between the Prime Mover and the generator. 
The Variable Displacement Pump is coupled to the 
Prime Mover. The motor with Fixed Displacement 
Volume is linked to the generator. Both elements, pump 
and motor, are connected via Pressure Lines. 

 

• Electrohydraulic Stroke Control[2]. This is a 
displacement control installed on pump and it allows 
the electronic variation of the Displacement Volume. 

Once the SCG elements are depicted, the equations for 
each element and the parameters involved in each equation 
are presented. The block diagram of the complete system is 

presented in Figure 2, where the relationship between 
parameters and variables can be seen. In Table 2 a relation 
of the main parameters is shown. 

III. SHAFT COUPLED GENERATOR EQUATIONS. 

As a previous step that will allow the analysis of the SCG 
behaviour, it is necessary to get its set of equations. The 
equations for each element will be presented, nevertheless 
in the Figure 2 the complete system equations are shown. 
As can be seen all the equations in this figure and in the 
paper are presented in the Laplace Domain[3]. All the 
variables and parameters that appear in this block diagram 
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Figure 2. Block Diagram of the SCG. 



are depicted in Table 1 and Table 2 (see APPENDIX). 
The Reference Value for the Prime Mover Speed 

Governor ωb,ref, the reference value for the pump 
displacement αref setting and the electric load (R) are 
considered as inputs in the presented model. If the governor 
is considered, the reference for the generator speed ωbref, 
instead of αref, is taken as input. Therefore, the outputs are all 
the other variables, paying special attention to the pressure 
(Pr), the speed (ωb) in the pump shaft, the speed (ωm) in the 
motor shaft and Electric Power (Ps) delivered by the 
generator. 

In the following paragraphs the equations for each element 
will be given. 

A. Equations of Prime Mover. 

In the SCG installed in the laboratory a DC Motor with a 
AC/DC Converter as Speed Controller has been employed as 
Prime Mover. The related blocks (see Figure 2) are those that 
represent the dynamic equations (Jb and Bb), PI[3] speed 
governor (Ki and Kp) and a change rate limit (VC) for the 
applied torque. 

The limit VC prevents the presence of sharp torque 
variations by applying a limit for the variation rate, i.e., this 
limit guaranties that: 
if sm VC then m m
if sm VC then m VC s

a ax

a ax

≤ =
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a  (1) m m

The remaining equations for the Prime Mover are: 
( )
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The parameter Jb represents the inertia moment for the 
linked set formed by Prime Mover and pump, so it could be 
included in the set of equations for the HT. Nevertheless, this 
parameter has been considered in this element in order to 
achieve a more comprehensive treatment. For the same 
reason, the parameter Bb has been included here. 

B. Equations of Synchronous Generator. 

The following element to be modelled is the generator. 
Two kinds of behaviour can be considered for this element, 
these are the electric behaviour and the mechanic one. 

The electric behaviour[4][5] is depicted with the following 
equations: 
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where: 
∆U is the difference between the actual voltage U and the 
nominal voltage Un (e.g. 220V) in the generator. 
∆I is the difference between the actual current delivered 
by the generator and its nominal value. 

∆E is the difference between the internal voltage E and 
its nominal value En. 
∆If is the difference between the field current If with 
respect to its nominal value Ifn. 
∆ωm if the difference between the shaft speed ωm in the 
generator and its nominal (i.e. 1500 rpm) value ωn. 
Kg,p and Kg,I are the proportional and integral constants 
for voltage regulator. 

This set of equations can be written in a more compact 
form: 
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The next equations are used to obtain the delivered 
electric power (Ps): 

( )Ps U
R
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R
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where R represents the value in Ohms for the electric 
load. In the laboratory this value can be changed by means 
of electronic relays. As will be seen (see paragraph IV), the 
variation of the electronic load causes the most important 
transient behaviour. 

The mechanic behaviour is represented by the following 
equation: 

( )B J s w B Pm e m m m p− = + +  (6) r

where me is the electric torque supplied to the generator 
defined as: me=Ps/ωm 

C. Equations of Hydrostatic Transmission. 

In fact, almost all equations for the elements of a SCG 
have been depicted, except those for the HT[1][2][6]. So:  

( )
( )

m Q aPr H Pump Torque
m Q Pr H Motor Torque

Q q Q Flow Equations
q C V s Pr q Leakage Flow

b ob

m om

b om m l ob

l lt b l

=
=
= +
= + +

.

.
αω ω

0

 (7) 

As can be seen, there is a direct relationship between 
torque and pressure. Nevertheless, the speed depends on 
pressure only through the leakage flow ql. In this way, the 
steady state behaviour, from the point of view of speeds, is 
very stable against pressure variations, and so against 
electric load variations. 

The set of equations shown above can be presented as: 
V sPr Q aw C Pr q Q w

J sw Q Pr B w m
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Where Q Q . ′ = − Bom om p

After a linearization process whit ωb and me as inputs, the 
set of equations is presented in the transfer function form. 
For the motor speed (∆ωm) this results in: 
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The pressure ∆Pr (or ∆ωm) can be divided into two terms: 
one called Prm related with the electric torque ∆me and, the 
other one Prω related with the speed in the pump shaft ωb. 
So: 
∆ ∆ ∆Pr Pr Prm= + ω  (10) 

where: 
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As a first approximation the term s∆(αωb) can be 
neglected, then Pr=Prm. In this way, a 2nd order system is 
used to approximate the pressure (Pr) response. So the 
transfer function[3] can be written as: 
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The response of this transfer function is closely related to 
its poles (r12 = σ ± jωd). Where the damping factor (σ) is the 
real part, and the damping frequency (ωd) is the absolute 
value of the imaginary part. Using typical expressions that 
can be found in the bibliography[3], the output ∆Pr when the 
input ∆me is a step u(t) with amplitude Me can be written as: 
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In order to reflect more closely the behaviour of a real HT, 
the effect of the neglected term s∆(αωb) could be taken into 
account. 

D. Equations of Electrohydraulic Stroke Control. 

In the above paragraphs the variable Displacement 
Volume (α) for the pump appears. It is the output for the 
Electrohydraulic Stroke Control, and it is a mechanical 
variable. Meanwhile the Displacement Volume Reference 
(αref) is the electric variable used as input for this element. 
For this element, a behaviour of a 2nd order system has been 
supposed[2][7] whose transfer function is: 

( )G s c
s bs cref

= =
+ +

α
α 2  (15) 

E. Equations of Speed Governor. 

In a SCG its main objective is to keep the reference speed 
in the pump or generator shaft despite the speed variations 
in the Prime Mover speed or changes in the electric load. So 
the frequency of the voltage generated by the generator is 
maintained at its typical value (e.g. 50Hz). A Speed 
Governor which input is the reference value for the 
frequency (frref or ωm,ref) is needed for this purpose. The 
governor output is the reference value for the Displacement 
Value (αref) which is the input for the Electrohydraulic 
Stroke Control. The proposed equations for this element 
are: 

( )α ω= +



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− +K K fr fr Kpt
it

ref b  (16) ω

where Kpt and Kit are the parameters of a PI[3] regulator. 
The error is the difference between the frequency (fr=ωm/π) 
of the generator and its reference value frref (i.e. 50Hz). The 
proportional term Kω is included in order to improve the 
system behaviour when speed variations for the Prime 
Mover (ωb) are considered. The influence of this term has 
been slightly smoothed in order to avoid unstable situations. 

IV. COMPLETE SCG SIMULATION. 

A. Simulation without Speed Governor. 

In order to validate the model (Figure 2) with the 
identified parameters (see Appendix) some test are done. 
Then the real measurements and the simulation results are 
compared. In this paragraph, the results for a Type I test are 
presented as an example. 

The test conditions are: 
à Prime Mover Reference ωb,ref = 2267 r/min 
à Reference Frequency frref = 48,76Hz 
à Electric Load 0W to 8700 in t=0,2sec 
 8700W to 0W in t=2,5sec 
The Displacement Volume Reference remains constant 

during the test. In the simulation, its value is calculated in 
order to achieve the initial references indicated above. 

The results can be observed in the following figures. As 
can be seen, there is good agreement between simulation 
results and measurements, despite the model simplicity. 
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Figure 3. Simulated and measured (dotted) Pressure. 
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Figure 4. Simulated and measured (dotted) output frequency. 
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Figure 5. Simulated and measured (dotted) pump Speed. 
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Figure 6. Simulated and measured (dotted) Electric Power. 

B. Simulation with Speed Governor. 

Once the model is achieved and validated, the complete 
system behaviour for the SCG with a Speed Governor is 
analysed. The correct design of the governor is critical in 
these kind of systems. Because, the stability on frequency (or 
motor speed) and the ability to maintain it at the reference 
value has its major dependence on the governor design. 
Furthermore, an ideal SCG keeps the reference frequency in 
the generator, against sharp electric load variations and 
Prime Mover speed changes, by only achieving the adequate 
Displacement Volume (α) in the pump. Obviously this 
behaviour cannot be achieved, however obtaining a similar 
behaviour depends in the choice of the correct governor. 

The simulation method is very useful in the Speed 
Governor design. It allows us to do lots of tests under the 
worst conditions, consequently damages or heavy stresses on 
the real systems are prevented. Furthermore, the simulation 
has a high flexibility in order to try several designs and 
parameters for the governor. The governor is achieved by 
means of a compromise between the steady state error and 
the transient behaviour. 

In the above paragraph an example of Speed Governor 
design, whose parameters has been achieved through several 
tests, is presented. This design has been implemented in a 
DSP (Analog Devices ADSP-2181) in order to do tests in a 
real system. The parameters of the implemented regulator 
can be seen in Table 2. The measurements obtained have a 
low sampling frequency, however these can be used in order 

to compare simulations and measurements and to analyse 
the real behaviour. 

The error between measurements and simulation are 
greater than the system without governor. Mainly this is due 
to: 

• The Electrohydraulic Stroke Control identification is 
very difficult, so its parameters has been partially 
obtained from the specification sheet. This could be the 
source of the observed inaccuracy. 
• The test conditions are very far from the test 
conditions during the identification process. 
• In the presented model several simplifications (some 
parameter dependencies have been neglected) are made 
in order to make the simulation process easier. 

 
During this simulation the test conditions are: 
à Prime Mover Reference (ωm,ref): from 1515 r/min to 
2024 r/min in 4,5sec 
à Reference frequency (frref): 50,0Hz 
à Electric Load (Ps): from 5,275kW to 0kW (t=3,6sec) 

 
The simulation results and measurements can be seen in 

the following figures. The effects of Prime Mover speed 
variations and electric load changes can be observed. 

The Prime Mover speed (ωb) variation has a quasi-
proportional effect in the motor speed (ωm), however the 
mover inertia moment makes this variation slow. For this 
reason, its main effect can be observed during the steady 
state. The governor parameter Kω is highly involved in the 
correction of this effect. A smoothing process is used to 
prevent unstable situations (see paragraph III.E). 

The electrical load changes can be considered as 
instantaneous ones when mechanical variations are also 
taken into account during the system analysis. SCG belongs 
to this kind of systems. So, the load change effects have 
their most important effect during the transient behaviour. 
Large transients oscillations in pressure and speed are 
present for this reason. In the transient domain, the 
hydrostatic fluid in the pressure lines acts like a spring (see 
differential term of leakage flow in (7) ), this provokes the 
mentioned transient oscillations. 

As a conclusion, the ability of Electrohydraulic Stroke 
Control to vary the Displacement Volume in few msec is 
very important in order to keep the generator speed constant 
when electric load changes are present. 
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Figure 7. Simulated and measured (dotted) Pressure. 
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Figure 8. Simulated and measured (dotted) Output Frequency. 
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Figure 9. Simulated and measured (dotted) Pump Speed. 
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Figure 10. Simulated and measured (dotted) Displacement Volume 
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Figure 11 Simulated and measured (dotted) Electric Power (Ps). 

V. CONCLUSION. 

Finally the main conclusion from the SCG analysis are 
presented. 

• The Hydrostatic Transmissions are a robust and stable 
solution when a constant output speed is needed , e.g. 
when the problem is to maintain at reference speed the 
generator of a SCG. 
• The main perturbations that affects the generator 
speed are the Prime Mover speed (its effect is mainly in 
the steady state) and the electric load (load changes are of 
special interest during transient behaviour). The 
Displacement Volume is the only control variable. 
• The fast response of Electrohydraulic Stroke Control 
is the principal inconvenient for these systems.  

• A simple model is used for simulation, although the 
agreement between measurement and simulation results 
is high. For this reason, the simulation is a powerful tool 
in order to design the adequate speed governor for the 
system, preventing a great deal of real tests and 
measurements. 
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Figure 14: Simulated and measured (dotted) output 

frequency. 

IX. APPENDIX. PARAMETER IDENTIFICATION OF 
SHAFT COUPLED GENERATOR 

In the identification process a set of real measurement is 
needed. In the present paper two kind of tests are considered: 

•Type I: A sharp change in the electric load (R) is 
provoked. 

•Type II: A fast change in Prime Mover speed (ωb) is 
provoked. 

In the above tests, the Speed Governor is not 
implemented. 

In this paper, an identification method based on the 
Melder-Mead Simplex Algorithm[8][9] has been used. This 
algorithm is employed to minimise a quadratic error defined 
for each set of parameters. The numerical results for the 
identification process are summarised in Table 2. 

In order to validate the identified parameters, simulations 
for each block are also presented. In these simulations the 
real measurements are used as inputs and the outputs are 
presented in the Figures 12-15. 

A. Prime Mover Parameters. 

The necessary parameters for a complete identification 
are: Bb, Jb, VC, Kp and Ki (2). In order to obtain them, the 
following error is minimised means the simplex method: 

(error b
r

b
s

n

N

= −
=
∑ ω ω

2

1
)

)

)

 (17) 

where superindex “r” means that the speed is the measured 
one and superindex “s” that the speed is the simulated one. 
As an example the simulation of the Prime Mover with these 
parameters is presented in Figure 12 and Table 2. 

B. Synchronous Generator Parameters. 

The electric behaviour is related with K1, K2 and T (4)(5), 
the error minimised is: 

(error P Ppeak
r

peak
s= −

2
 (18) 

where  and  are the peak values of the real and 

simulated power delivered by the generator Ps. (see Figure 
13). 

Ppeak
r Ppeak

s

Bm (6) is calculated as the mean value of steady state 

measurements and (8). The Jm value is calculated with: 

( ) (error max max min minm
r

m
s

m
r

m
s= − + −{ } { } { } { }ω ω ω ω

2 2
 (19) 

where max and min represent the maximum and 
minimum values obtained during Type I Tests (see Figure 
14). 

C. Hydrostatic Transmission Parameters. 

The two first parameters to be calculated are Clt and Vb 
(7). In order to get a couple of initial values, these 
considerations for Type I tests are made: 

• The Prime Mover speed (ωb) and the displacement 
volume (α) are supposed to be constant. So, the term 
s∆(αωb) (9) is neglected. 

• The me variation is approximated by a step, therefore 
its transient oscillations during the load change are 
neglected. 

From measurements on Type I tests the amplitude Me of 
the torque step is obtained. As shown before, the system 
behaviour can be considered like a 2nd order system (14). 
Hence the parameters[3] overshoot Mp, peak time tp and 
settling time ts can be obtained. At that time an 
identification process is applied in order to obtain the 
damping factor σ and the damping frequency ωd (13). The 
minimised error during this process is: 
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Figure 12. Simulated, reference (dashed) and measured (dotted) 

Prime Mover speed. Type I conditions. 
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In order to achieve a better approximation, the influence 
of the Prime Mover speed s∆(αωb) (9) is now taken into 
account, then σ and ωd can be newly obtained and so Clt 
and Vb are calculated. 
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Figure 15: Simulated and measured (dotted) Pressure. 

Now, the parameter called ql0 (see Table 2 and Figure 15) 
that is related with the leakage flow (7) is identified. It is 
obtained from the mean value of steady state values from 
different tests. 

D. Electrohydraulic Stroke Control Parameters. 

It is the last element to be identified. For this purpose b 
and c (18) are the parameters to be obtained. The following 
expression for the error is employed: 

error DR DR
DR

PL PL
PL

r s

r

r s

r= −







 + −









2 2

 (21) 

where DR is the Dynamic Response (1,34Hz @ 3dB) and 
PL is the Phase Lag (2,3Hz @ 90º). These values are 
obtained from the specifications sheet. 

 
Table 1: Main Variables. 

Variable Units Description 
αref 0…1 Reference value for the Hydrostatic Pump 

displacement setting (input to the 
Electrohydraulic Stroke Control) 

α 0…1 Effective Hydrostatic Pump displacement setting 
(output of the Electrohydraulic Stroke Control) 

frref Hz Reference frequency for the Speed Governor of 
the SCG 

ωb,ref sec-1 Reference Value for the Prime Mover Speed 
Governor 

ωb sec-1 Speed in the Hydrostatic Pump shaft 
ωm sec-1 Speed in the Hydrostatic Motor shaft 
ql m3/sec Leakage Flow 
me Nw·m Resistant Torque from the mechanical load 
mm Nw·m Ideal Delivered Torque by HT 
ma Nw·m Reference value for the Delivered Torque to the 

Prime Mover 
mas Nw·m Smoothed Delivered Torque to the Prime Mover 
mb Nw·m Delivered Torque to the Hydrost. Pump 
Ps W Electric Power delivered by the Synchronous 

Generator. 
U V Voltage in the Synchronous Generator 
I A Output Current in the Synchronous Generator 
R Ω Impedance of the electric load 
Pr Pa Pressure in the main HT lines 

 

 
Table 2: Parameters 

Name Value Units Description 
Qob 1,198·10-5 m3/rad Max. displacement volume of the 

Hydrostatic Pump 
Qom 8,642·10-6 m3/rad Max. displacement volume of the 

Hydrostatic Motor 
Jb 0,111 kg⋅m2 Inertia Moment of the coupled 

H. Pump + Prime Mover 
Jm 0,169 kg⋅m2 Inertia Moment of the coupled 

H .Motor + S. Generator 
Clt 4,87·10-12 m3/sec/Pa Ratio between the leakage flow and 

the pressure in main lines between 
pump and motor. 

VB 7,41·10-13 m3/Pa Ratio between the leakage flow and 
pressure variations 

Bb 6,924 Nw·m·sec Ratio between the loss torque in the 
pump and shaft speed 

Bp 7,074·10-7 Nw·m/Pa Dry friction coefficient 
Bm 0,145 Nw·m·sec Ratio between the Loss Torque in the 

motor and shaft speed 
ql0 4,703·10-4 m3/sec Constant Leakage Flow 
b 
c 

30,97 
208,84 

- Transfer function of the 
Electrohydraulic Stroke Control 

VC 2267,63 Nw⋅m/sec Rate limit for Torque applied to the 
Prime Mover 

Kp 

 Ki 
-0 

-35,643 
- Speed Governor Parameters for the 

DC Motor (Prime Mover) 
K1 
K2 
 T 

2,529 
0,596 

15,300 

 Synchronous Generator parameters 

Kpt 

Kit, 
Kω 

0,001 
0,002 

135,93 

 Speed Governor Parameters of the 
SCG 
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J.Cidrás and C.Carrillo: the authors wish to 
thank Mr. Norton Savage for his suggestions 
and his interest in this subject, and would like to 
answer him: 

 
1. As the discusser said, the conventional 

arrangement to produce electricity in ships uses 
diesel units only dedicated to this task. The 
system depicted by the authors has efficiency 
advantages and others over the classical scheme. 

In order to compare both arrangements, 
classical and SCG one, the consideration is 
made, that the prime mover power is much 
greater than that required by the electrical 
shipboard loads. 

Diesel unit efficiency grows with the power. 
Consequently, as prime mover power is greater 
than that of diesel unit, so is its efficiency. And, 
therefore, SCG fuel consumption per kWh is 
lower. 

On the other hand, in order to guarantee the 
electricity availability, diesel units must be 
operating the whole time, even during the 
periods when there is not electric shipboard 
consumption. So, fuel is wasted during this no-
load operation. However, no-load consumption 
for the SCG is very low. This point must be 
taken into account in order to compare the 
efficiency of the two arrangements. 

SCG have other advantages different from 
efficiency, e.g., consumption of oil and 
maintenance costs are reduced, SCG installation 
is easier, etc. 

Nowadays, it is more appropriate to compare 
SCG with electronic solutions. For instance, a 
synchronous machine with an AC/AC converter 
coupled to the prime mover shaft. This kind of 
solutions is more complex and, so, its reliability 
is lower than that for mechanical systems. 
However, from the point of view of efficiency, 
installation, maintenance, etc, electronic 
schemes could be the most appropriate. 

 
2. As has been assumed, the prime mover 

power exceeds the electric power requirements, 
so the electric load variations must not affect the 
prime mover. In the case of a short-circuit, 
electric protections usually act in a few 
milliseconds. As a result, it should not affect the 
mechanical system. However, we agree with the 
discusser in that use of a SCG creates 
dependence between prime mover and 
electricity generation although an emergency 
group exists. And therefore, reliability of 
classical arrangements is a clear advantage with 
regard to SCG ones. 

 
3. The above-mentioned dependence 

between Prime Mover and SCG also affects 
maintenance works. 

 
4. In general, space requirements are higher 

for diesel units than for SCG. However, these 
requirements can be comparable in some cases. 
Nevertheless, situation of components is more 
flexible in the SCG scheme which implies 
additional space saving. 
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