
INNOVATIVE INTEGRATED POWER SYSTEMS FOR ALL ELECTRIC SHIPS

AESs are endowed with an
Integrated Power System 
(IPS): an islanded power 
system in which a set of 

generators provide electric 
power to all the ship’s loads 
(including both propulsion 
and services) with a single 

power plant.

Integration issues
E.g. Automation’s wrong reaction 

to a generators' fault

Fig. 2 : Blackout during ship maneuvering
caused by poor integration - Ship’s
automation currents records [11].

Possibly harmful interactions 
not taken into account in design
E.g. Dynamic interactions between 

V and f controls

Fig. 3 : Electromechanical oscillations' 
damping reduction [18].

 - Islanded system with high installed power;
 - Generation power comparable with load power;

 - High Power Quality needs.

All Electric Ships (AESs)

 - Development of power electronics;
 - Growth of electrical installations onboard;

 - Electric propulsion.

The aim of the research is to obtain a new design, and an analysis methodology, applicable to the AESs’ IPS.
This new approach will consider the IPS as a single complex system, designed and managed as a whole.

Nowadays:
Disjointed design, considering the 

subsystems as stand-alone (not integrated).

Issues:
- Performance;
- Oversizing...

Issues:
- No design experience;

- Unexpected interactions...

Future trends:
Innovative power systems;

New requirements.

New Requirements [1,6]
E.g. Ship-to-shore connection for 

power supply to land operations

Fig. 4 : Ship-to-shore connection system [9].

Innovative Power Systems
E.g. Mixed AC and DC IPSs

E.g. MVDC distribution protection

Fig. 7 : Hybrid AC/DC IPS notional architecture: 
MVAC main + LVDC zonal distributions [24]

Fig. 5 : Notional ship-to-shore connection [9].

Fig. 6 : Recommended grounding 
configuration [9].

Fig. 8 : MVDC side short-circuit on rectified
synchronous generator [3,10,14].

Analysis of the IPS as a single complex system, 
with all its interrelations

Use of dependability tools and methods (both 
qualitative and quantitative), trough proper 

modeling and calculation software [13,16,19,22].

Time-domain simulation aided design  [20,21]

Dependability is the 
capability of a system 
to deliver the correct 
service. A system is a 
set of components 
assembled in such a 
way to behave like a 
single entity to deliver 
a service (operations 
performed in favor of 
users). The correct 
service is the one 
meeting users 
expectations, 
otherwise it is not.
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Proposed solution: new design procedure
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Fig. 1 : Integrated Power System (Cruise Ship)

Conventional ship design:
spiral process with sequential 

design steps, detailing and 
adapting the single subsystems 

design at each turn

Validation on a 
case study:
All Electric 

DrillShip IPS

Step 1) Definition of significant Top 
Events; FTA of the power system in study 
with a dedicated software; dependability 
indexes calculation.

Step 2) Definition of proper criteria to 
classify failures severity (e.g. most 
frequent, most harmful, most costly, etc.); 
analysis of step 1 outcomes to identify 
cases to be analyzed further.

Step 3) Building of a mathematical 
model of the system in a dedicated 
software, and simulation of the dynamic 
process starting from the single faults and 
leading to the failure in study.

Step 4) Definition, and validation using 
the simulator, of design modifications able 
to avoid the faults occurrence and/or block 
the dynamic process leading to the fault.

Fig. 9: Dependability Main Concepts [5].

The proposed procedure is already applicable 
with present data and software tools.

It implies a limited additional burden for 
designers, but leads to significant advantages.




