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Abstract: Zonal electrical distribution system (ZED) is an electric distribution system 
introduced by the navy. ZEDS is designed on having starboard and port dc busses supplied 
electrical zonal load. If a failure occurs on one distribution-line, it will be covered by 
another line. The whole designs and scenarios make the electrical system more reliable. In 
general, increasing reliability make the investment value tend to be higher. Therefore, this 
paper is present to provide an investment and risk perspective on the application of ZEDS. 
Existing shipboard power systems with radial topology is redesigned with ZEDS, and then 
both are evaluated. The investment and risk evaluation from using Radial and ZEDS is 
presented as results. 

1. Introduction 

In order to maintain continuity of power during operation, the power distribution system on board 
continues to develop. One way to make it happen is by applying zonal topology [1] [2]. Currently 
zonal system is a topology of electricity distribution which became one of the research subjects [3] 
[4]. In distributing power, the zonal topology uses two main buses where they are connected to the 
load zone, so that one load zone can be activated through two independent networks [5] [6]. In 
addition to increased power continuity, the use of zonal topology can also lower the cost of material 
distribution, and installation costs on the same ship. The decline in electricity costs is due to the 
management of zoning empowerment can effectively optimize the use of cables, and the busbar 
panel [7]. 

On the other hand, any changes or additions to system planning require mathematical approach 
to make sure the system is better. One of the commonly used parameters is the reliability parameter 
[8]. Therefore, this paper aims to find out how far the increase in reliability value of the ship's 
electrical distribution system due to the use of zonal distribution. 
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2. Literature Review 

2.1. Zonal Electrical Distribution System 

In general, the ship uses a radial distribution system in supplying power at each load. This system 
uses the main panel as the power pool of the generator. Through the main busbar, power is supplied 
to each load. Generators on ships are generally operated parallel to the needs of the ship's electric 
during operation. Commonly used voltage is low voltage 380 V or 450 Hz with frequency 50 Hz or 
60 Hz. The voltage used will follow the working voltage of the electrical equipment. On boats with 
radial systems, in addition to using MSB, the ship system also uses an Emergency Switch board 
(ESB) to connect emergency generator generators to some vital equipment. In some ships, high 
voltage systems have also begun to be used to streamline cable usage [9] [10]. 

The idea of using a zonal distribution system comes from systems that have been applied to 
warships [11] . In an era of warfare, the US Department of Defense through its navy, trying to 
research in order to achieve cost effectiveness, but able to maintain the continuity of power. This is 
to realize productivity, resilience, and maximize survivability in war equipment during ship 
operations [7] [12]. With research by the US, it is expected that the size and weight of the system 
can be minimized so that the amount of ammunition and fuel that can be increased. 

The use of the zonal distribution system is slowly being studied and projected to be used as a 
future ship distribution system [13]. This is supported by several studies showing that the zonal 
distribution system offers cost-saving construction, while offering continuity, and the flexibility of 
power usage [7] [14] [15]. The continuity of power usage will have an impact on the ship's 
operating pattern, since the mission carried by the ship depending on the operation of the equipment 
on board. 

2.2. Risk in power system 

Failure of power distribution system at one particular facility will cause blackout condition. This 
condition will have far-reaching impacts not only on revenue losses for generator owners and 
consumers, but also indirectly impacting communities and the environment [16] [17]. Therefore, the 
risk assessment of power system becomes a parameter like an electrical system. 

A power system is generally evaluated quantitatively. Qualitative evaluation aims to create 
indicators that are capable of representing the actual system. An assessment is usually in harmony 
with improvement, or system change. To compare between the existing system, and the new 
system, the two systems are evaluated and then compared against each other. The comparison is 
made at the design stage prior to the decision making process. 

Risk assessment of electric power systems may comprise several scope of empowerment 
systems. The qualitative evaluation of reliability in the generation, transmission, and distribution 
systems is one of the spare spaces. While other analysis that can be done is probabilistic criteria in 
system planning and operation, equipment aging failure management, and others. Each risk 
assessment scope of the empowerment system has the same important priority. The analysis 
undertaken at a facility will be based on the applicable regulations, and the parameters to be known. 

The power system has three subsystems consisting of generation systems, transmission systems, 
and distribution systems. Each subsystem consists of many components consisting of generators, 
cables, busbars, panels, switches, transformers, and some enhancements. Each of these components 
has their respective failure chances called component failure probability. Each component when 
compiled into a system, then the probability of failure probability will be referred to as a chance of 
system failure. Any failure can be classified as independent, and dependent. 
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The second part of the risk assessment process on electrical power systems is to select a system 
failure state, and calculate the reliability value. There are two types of methods in choosing a 
system state that is state enumeration, and Monte Carlo simulation. Each method has advantages 
and challenges. Generally, state enumeration is more efficiently used in simple arranged systems. 
However, in more complex systems, Monte Carlo simulation is preferred. 

In the third stage analysis, the value of system reliability that has been calculated in the second 
stage analysis then further analysis to know the consequences of system changes. Based on the 
electrical power system, the possible analyzes are the balance of power analysis, or the 
identification of the system conFigureuration, or other electrical power system analysis. 

3. Research Method 

3.1. Fault Tree Analysis 

Fault tree analysis is a common standard used to determine the reliability and safety value of system 
changes. In its development, fault tree analysis has been used in many industries, such as food, 
textile, chemical, computer, software, transportation, and electrical industries. Fault tree analysis is 
widely accepted as part of the probabilisitic safety assessment in terms of increasing reliability 
values in nuclear power systems, and space missions. 

As one of the analytical methods, fault tree analysis is an analysis of combining graphs and logic 
which is then referred to as the fault tree or fault tree model. Fault tree analysis can be done with 
qualitative, or quantitative, and can use component failure data in the calculation process. Each 
component can be represented as a basic event that can be scenarized against other components. 
The total relationship between each basic event will represent the value of the system failure which 
will be called the top event. 

However, fault tree analysis does not model the failure of all components. The scope of the fault 
tree analysis only models failure through its failure mode which can cause system failure. 

Fault tree analysis can be done by following the following procedure [18]: 
• Determine the object system to be analyzed 
• Determine the top event of the system operation 
• Determine the scope, and the basic rules in the system analysis 
• Creating a fault tree chart 
• Evaluate the fault tree qualitatively 
• Prepare probabilistic failure database and its relationship with basic event 
• Evaluate the fault tree qualitatively 
• Bring out the results that have been obtained from the analysis process 
Calculation of failure probability is a basic calculation of fault tree analysis. Generally the 

component failure occurs at a constant failure rate l In the simple case, the probability of failure 
depends on the failure rate l and the time t as shown in equation 1. 

 
P = 1 – e-λt             (1) 

 
Where l is the rate of failure, and t is time. 
Probability for component failures that have been obtained then further analysis based on the 

gate fault setting scenario. An AND gate represents the component where a system failure can occur 
if both components fail simultaneously. This component failure mode scenario can be represented 
as intersection with the following calculations (2) 
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         P (A and B) = P (A ∩ B) = P (A) . P (B)              (2) 
 

An OR gate represents a component where a system failure can occur if one component fails. 
This failure scenario can be represented as a union with the following (3). 

 
P (A or B) = P (A ∪ B) = P(A) + P(B) - P (A ∩ B)      (3) 

 
Since the probability of failure in the fault tree tends to be small (more than 0.01), then P (A ∩ 

B) is generally considered to have a small error value, and the output of OR gate is assumed to be 
mutually exculsive occurrence. 

 
P (A or B) ≈ P(A) + P(B), P (A ∩ B) ≈     

0 = 1-(1-P1) •(1-P2)          (4) 

3.2. Fault tree analysis for zonal distribution 

In this paper, the process of fault tree analysis evaluation on ship distribution system is done on 
radial system, and zonal system. Both systems are arranged according to actual ship specifications. 
The evaluated radial system represents the currently commonly used system, and the zonal system 
is an improvement that is currently being developed. This paper will only cover reliability 
improvement indicators. Both electrical distribution systems are evaluated, and compared against 
each other. 

Radial system consists of generator, main switch board, cable, and load. The power distribution 
process on the radial system starts from the generator that is connected to the main switch board. 
The main switch board will be the connecting medium between the plant and the load. The 
generator parallelization process is also done through the main switch board. Power from the main 
switch board is then channeled at each load. 

The zonal system consists of generators, two main busbars (portside bus, and starboard bus), 
load zones, and cables. The generator will be supplied via portside bus and an independently 
connected starboard bus. The power from portside bus and starboard bus is then channeled to each 
of the load zone panels, and forwarded to the electrical components. One load zone can be supplied 
from portside bus or starboard bus. Figure. 1 shows the power distribution topology with Radial 
Distribution System. 

 
Figure. 1: Example of radial distribution system topology 

 
The second stage of the analysis is to determine the top event of the electrical distribution 

system operation. In this paper, the value of failure that is used as top event is not channeled power 
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on the load. Unavailability of power in the load may occur if certain components of the distribution 
network fail. 

The next step is to make the basic rules related to the relationships between components that 
will form the system, describe it in a fault tree chart, and evaluate it qualitatively. Figure. 3 shows 
the fault tree construction for radial distribution system. Figure. 2 shows the power distribution 
topology with Zonal Distribution system. 

 

 
Figure 2: Example of zonal distribution system topology 

 
Figure 3: Fault tree construction for radial distribution system 
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Figure. 4 shows the fault tree construction for zonal distribution system.In order to analyze the 

fault tree quantitatively, data on the probability of component failure needs to be collected. The 
probability of component failure data can be obtained through direct system observation, or through 
a data bank that can represent a system failure index.  

Generally any bank data is the result of research that has been done for many years. The research 
is concerned with observing the failure of each component. It is expected that the bank data can 
have a certain component failure data when no data history of component failure on the system 
being analyzed. 

 

 
Figure 4: Fault tree construction for zonal distribution system. 

 
Table 1 shows the failure probability index of the ship's electrical system. The data is taken from 

the International atomic energy agency and OREDA (The Offshore and Onshore Reliability Data). 
From the table it can be seen that the greatest chance of failure is in the breaker, while the lowest 
chance of failure is panel failure. 

Table 1: The Components Failure Probability Index 

No. Component Failure Probability  (10-7) 
1 Panel fails 0.3* 
2 Line to load fails 2.6* 
3 Diesel generator fails 2.3** 
4 Breaker fails 3.6* 
5 Line form generator fails 2.6* 
6 Diesel busses fail 1.8* 
*) International atomic energy agency, 1988 
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4. Result 

4.1. Radial system risk evaluation result 

In the supply-to-load process, radial systems use the power supply of the Main Switch Board 
(MSB) unit. Therefore, the probability of distribution system failure will occur if the failure of 
MSB, network to load, or no power supplied in MSB. The absence of power on the MSB can be 
reduced to a failure of the generator distribution system, or failure arising from the generator itself. 
The failure pattern of the exisiting system can be simplified through the FTA shown in Figure. 4. 
With FTA analysis, the value of existing distribution system failure is 1.32 x 10-6. 

4.2. Zonal system risk evaluation result 

In a zonal distribution system, a single load zone unit allows to be supplied from both the portbus 
and the starboard bus. Therefore, one load zone unit can be said to fail when the two main buses 
fail, or the distribution system fails on the load zone itself. With this failure scenario, the system 
failure rate will be 2.9 x 10-7, or four times better than the existing system.  

Table 2 presents an evaluation of the probability of system failure values between radial and 
zonal systems. 

Table 2: The Components Failure Probability Index 

No. Topology Failure Probability  (10-7) 
1 Radial Distribution System 13,2 
2 Zonal Distribution System 2,9 

5. Conclusion 

Implementation of zonal distribution system as shipboard power system may increase the power 
continuity as one load zone can be activated from two main bus bus (portside bus and starboard 
bus). To find out the indicator of reliability of electrical distribution system quantitatively, fault tree 
analysis can be used as an anisal method. The process of fault tree work on the electrical 
distribution system begins with determining the system to be evaluated, determining the top event 
of system failure, and calculating the result based on available data. Benefits derived from the 
application of the zonation system in this study is the quality of electrical distribution system 
becomes better index by the value of system failure which Radial System has a value of Q = 1.32 x 
10-6 to Q = 2.9 x 10-7 in zonal distribution. 
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