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  Mitsubishi Heavy Industries (MHI) has been monitoring the propulsion performance of 

roll on/roll off passenger (ROPAX) ferries in actual operations since 2000 using a service 
monitoring system mounted on the ferries. The resulting data are used to support the companies 
that operate ROPAX ferries, responding to the recent need to reduce fuel oil consumption and 
CO2/NOX emissions, in view of the growing demand to protect the global environment and counter 
surging fuel oil prices. This paper reports on “Ferry Akebono,” which operates on the 
Kagoshima-Okinawa route, as an example. First, the ferry and the monitoring system are outlined, 
and then, the measures taken to reduce fuel oil consumption derived using the service monitoring 
data and the achievements are explained. 

  

  
|1. Introduction 

Originally, the propulsion performance of ferries was evaluated before delivery during sea 
trial. In recent years, however, demand has increased for propulsion performance evaluation in 
actual sea conditions after the start of operation because of global environment and economic 
considerations. Responding to this demand, MHI has been monitoring the propulsion performance 
of newly built ferries in actual service, targeting roll on/roll off passenger (ROPAX) and roll on/roll 
off (RO/RO) ferries. 

Specifically, a service monitoring system is mounted on newly built ferries and collects data 
on the propulsion performance of the ferries. The data are analyzed to evaluate propulsion 
performance in actual conditions for each ferry. Additionally, we determine the service conditions 
of the ferries from the analysis results, discuss them with the ferry operators, and propose operating 
methods to reduce fuel oil consumption. 

In this report, we explain the service monitoring system using “Ferry Akebono,” which went 
into service on the Kagoshima-Okinawa route in July 2008, as an example, and introduce the 
support we provide with the service monitoring. 

|2. “Ferry Akebono” 
Ferry Akebono is jointly owned by the Japan Railway Construction, Transport, and 

Technology Agency and A" Line Ferry Company. This cargo and passenger ferry was designed 
and constructed by the MHI Shimonoseki Shipyard, and was completed on June 30, 2008. It started 
service on the Kagoshima-Amami Islands-Okinawa route on July 5 of the same year. Its ports of 
call are Kagoshima, Amami-Oshima (Naze), Tokunoshima (Kametoku), Okinoerabu (Wadomari), 
Yoron Island (Yoron), and Okinawa (Motobu and Naha). Figure 1 shows the route. 

Ferry Akebono operates at the same speed as existing ferries operating on the same route, but 
its CO2/NOX emissions are reduced by lowering the horsepower of the engine, which helps to 
protect the natural environment of Amami and Okinawa. 
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Table1 compares the main specifications of Ferry Akebono with those of a typical ferry. It is 
slightly larger than the typical ferry, but its service speed is 21 knots, the same as the typical ferry, 
while the horsepower of its engine is approximately 10% less than that of the typical ferry. 
      
  Table 1  Comparison of Ferry Akebono with a 

typical ferry 

   Existing ferry operating 
on the same route 

Ferry Akebono 

  Length 132.0 m 135.0 m 
  Width 22.0 m 24.0 m 
  Depth 14.0 m 14.5 m 
  Full load draft 6.25 m 6.25 m 
  Gross tonnage 6,586 t 8,083 t 
  Deadweight 3,985 t 4,050 t 
  Passenger  

capacity 
804 682 

  On-board 
capacity 

210 (10FT container) 311 (10FT container)

   60 (8t-trucks) 50 (8t-trucks) 
   88 (cars) 76 (cars) 
  Service speed 21.0 knot 21.0 knot 
  

Engine 
Diesel 

6 ,620 kW×2 units 
Diesel 

6 ,070 kW×2 units 
  Propeller Fixed pitch propeller 

(FPP) × 2 
Controllable pitch 

propeller (CPP) × 1 
  Propulsion 

plant 
Two-engine two-shaft Two-engine one-shaft

 

Figure 1  Chart showing the route 
of Ferry Akebono 

The route and ports of call are shown.  The ferry is larger than the typical ferry, but the horsepower of 
its engine is about 10% lower. 

      

As shown in Figure 2, the propulsion systems of the two ferries are a two-engine two-shaft 
system and a two-engine one-shaft system, respectively. In the two-engine two-shaft system, each 
of the engines is connected with a propeller via a reduction gear and a shaft. In the two-engine 
one-shaft system, a shaft and propeller are linked to two engines via a reduction gear. 

 
 

Figure 2  Configuration of the propulsion plants 
The propulsion plant of a typical ferry is compared with that of Ferry Akebono. 

 

  
Figure 3 compares the shape of the aft draughts of ferries incorporating the two-engine 

two-shaft and two-engine one-shaft systems below the waterline. The shaft brackets and bossing, a 
support for the propeller shaft, are simplified in the two-engine one-shaft system, compared with 
the other system, and ship resistance is reduced substantially. 

The two-engine two-shaft system is common in existing ferries. However, we decided to use 
the two-engine one-shaft system to realize the concept of this project, an “environmentally-friendly 
ferry,” and after studying various propulsion systems, including an electric propulsion system. This 
is the first greater coastal service ferry incorporating the two-engine one-shaft system in Japan. 

The propeller vibratory force is estimated to be higher in the two-engine one-shaft system 
than that of the two-engine two-shaft system because the horsepower of the two engines is 
absorbed by one propeller. Thus, we had to overcome some technological issues, such as protecting 
the accommodations from vibration and realizing in-harbor maneuverability equivalent to ferries 
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with a two-engine two-shaft system. As countermeasures against vibration, we improved the hull 
form at the area around the aft and newly developed a propeller with reduced vibratory force. The 
capacity of the side thruster was increased substantially to improve the in-harbor maneuverability. 

By adopting the two-engine one-shaft system and developing the energy-saving hull form 
using advanced technologies, fuel oil consumption approximately 10% lower than that of existing 
carriers with the two-engine two-shaft system has been realized. Additionally, the CO2 and NOX

emissions under normal output were reduced by 13% and 24%, respectively, compared with 
existing ferries, by using engines conforming to NOX regulations. 

 

 

 

Figure 3  Aft shape below the waterline 
The two-engine two-shaft system of existing ferries is compared with the two-engine one-shaft 
system of Ferry Akebono. 

 

|3. Outline of Service Monitoring 
This ferry contains a service monitoring system developed by MHI to record data on the hull 

and machinery part which are used to evaluate propulsion performance in actual sea conditions. 
The recorded data are analyzed by MHI and the service conditions of the ferry are regularly 
reported to the operators. The data are also used as basic data for improving the propulsion 
performance of this ferry in actual seas. 
3.1 Service monitoring system 

The appearance of the service monitoring system mounted on this ferry is shown in Figure 4
and the data flow from collection to analysis is shown in Figure 5. 

The data necessary for monitoring service conditions are transmitted from instruments 
mounted on the ferry and sensors added for service monitoring and loaded into a specialized 
personal computer (PC). The sampling time is set at 0.1 s and the data are digitalized via an 
analog/digital (A/D) converter and are recorded as binary files. Simultaneously, mean-value 
analyses are performed every 30 s and the results are recorded as text files. These data files are 
created by item and at a rate of one file per hour and are stored on an external hard disk. The data 
stored in the external hard disk are collected periodically, analyzed by MHI, and used to evaluate 
the service conditions, including the propulsion performance. 

  

 
Figure 4  Service 

monitoring system 
Personal computers and 
instruments are placed in a 
special rack in the wheelhouse 

Figure 5 Flow of the service monitoring data from collection to 
analysis  

Signals from the instruments are collected on the PC, and the measured data 
and primary analysis (mean-value analysis) results are transmitted to and 
stored on an external hard disk. 
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3.2 Analysis of service monitoring data 
3.2.1 Trend analysis to check service conditions 

The mean-value analysis files are combined to create a data file for each service, and the sea 
margin and fuel oil consumption rate are analyzed using the data to create a trend graph during 
service. An example of a trend graph is shown in Figure 6. 

 
Figure 6  Calculation of the service speed and shaft horsepower for the Kagoshima- 

Okinawa route  
Time-series data for service speed and shaft horsepower for the period between departure from Kagoshima 
and arrival in Okinawa. 

3.2.2 Detailed analysis for abnormal motion check 
When a long-term trend graph covering a period of several months or a trend graph covering 

the entire service route is checked in detail, deviations from the normal service trend, such as a 
sudden change in data or missing data, is sometimes observed. When deviations are observed, a 
time- history graph is created based on detailed files of the period around the deviation to identify 
the phenomenon responsible and to carry out detailed analysis by comparing and validating related 
data. 

This analysis method is effective for observing problems, if any, with the propulsion system 
on the ferry during service. The causes of these problems can be identified with less difficulty and 
proper countermeasures can be determined by detailed analysis of service monitoring data for the 
period in which the troubles occurred. 

|4. Efforts to improve economy in actual sea service 
After its completion, we confirmed that the ferry met the required propulsion performance in 

a sea trial. It was confirmed that the fuel oil consumption of the ferry, checked during service after 
delivery, was approximately the same as that of existing ferries. We analyzed the service 
monitoring data to determine the service conditions of this ferry and discovered that it arrived at 
destinations 30-40 min earlier than scheduled, compared with the existing ferries, which means that 
this ferry runs faster than anticipated in actual sea conditions. According to the initial service plan 
for this ferry, the voyage speed was set high so as to allow flexible reaction to changes in the route. 
In actual service, however, extra time was created in the service schedule following improvement 
of loading/unloading efficiency beyond our expectations. Thus, we discussed this with the ferry 
operator and reduced the service speed below the speed set at the time of delivery to improve fuel 
economy. 
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Specifically, the engine revolutions corresponding to service speed were adjusted. The 
engine revolutions and propeller pitch angle of the ferry are controlled by a combinator, which 
allows automatic control of the propeller pitch in accordance with the predetermined engine 
revolutions by a single handle operation. 

Under the combinator setting at the time of delivery of the ferry, if the engine revolutions
were lowered during operation at around the actual service speed, the propeller pitch was 
automatically reduced, failing to set the propeller at the most effective standard pitch. Thus, we 
decided to change the combinator setting so as to lower the engine revolutions alone and retain the 
propeller pitch at a highly efficient standard pitch, to avoid reducing the propeller efficiency. 
Regarding the setting changes made to the propulsion plant, including the engines, change of
engine load could affect the engine performance. Thus, in making actual changes to the combinator 
control setting, we lowered the engine revolutions setting in steps while observing the engine 
conditions and in close coordination with the engine manufacturer.  

Figure 7 shows an example of the engine observation procedures used to change the 
combinator control settings. These diagrams were created by plotting the engine operating 
conditions during service over characteristics curves obtained in shop tests of the engines. 
According to the diagrams, the engine operating conditions after changing the combinator control 
setting fell on the characteristic curves of shop test, indicating that no excess load was applied to 
the engines. 

Figure 7  Engine operating conditions 
Engine characteristic curves during shop tests versus data measured during service operation. 

Figure 8 shows the fuel oil consumption of engines on ferries in actual service from 
Kagoshima to Naze (approx. 206 miles). The straight navigation distance is the longest in this 
portion of this ferry’s route, and the fuel oil consumption of the ferry is indicated with reference to 
that of a typical ferry, which is set at 1. 

The combinator control setting has been changed three times so far, in February, March, and 
July 2009, after observing the operating range of the engines. As a result, the fuel economy has 
been improved by 12% compared with existing ferries, even in the load application range where the 
engine output is lower than the regular output. We will continue to check the service conditions, 
including the conditions between other islands, and propose measures for reducing the fuel oil 
consumption to further improve economy. 
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Figure 8  Engine fuel oil consumption during service operation 
The fuel economy of the engines used in Ferry Akebono is approximately 12% higher than that of existing 
ferries. 

|5. Conclusion 
We mounted a service monitoring system on Ferry Akebono and have been monitoring it for 

about 2 years, since delivery of the ferry. Through this monitoring, we not only observed the 
propulsion performance in actual sea conditions, but also made efforts to improve the propulsion 
performance in actual seas, with the cooperation of the operating companies, since the start of 
operations, so as to further reduce the environmental load and improve the economy of the ferry. 
Ferry Akebono was rated highly because of the efforts made to improve its operating performance, 
and the high degree of perfection in the technologies incorporated, and was awarded Ship of the 
Year 2008 in the large passenger ferry category. 

MHI will continue its efforts to improve the propulsion performance in real sea conditions, 
based on the effort put into this ship, so that newly built ferries that are placed in service will 
contribute to protecting the global environment and improving the service performance. 
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