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SUMMARY 

Executive summary: This document seeks clarification of requirements of SOLAS 
regulation II-1/26.2 for single essential propulsion components and 
their reliability and offers a draft interpretation thereof 

Strategic direction, if 
applicable: 

6 

Output: 6.1 

Action to be taken: Paragraph 10 

Related documents: None 

Introduction 

1 SOLAS regulation II-1/26 prescribes general requirements for machinery installations; 
sub-paragraph 2 thereof requires the Administration to give special consideration to the 
reliability of single essential propulsion components, as follows: 

"2 The Administration shall give special consideration to the reliability of single 
essential propulsion components and may require a separate source of propulsion 
power sufficient to give the ship a navigable speed, especially in the case of 
unconventional arrangements". 

2 IACS observed the appearance of incentives in industries to design ships with single 
electric propulsion motors arranged with two windings within the same stator (or rotor) iron 
core. IACS considers that a damage to one of the windings will lead to the total loss of the 
propulsion motor on ships built to such designs. 
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Discussion 

3 Today, electrical machines, which are built according to the state-of-the-art standards, 
reach a high reliability. However, failures of electrical machines occur and, in case of being 
part of the propulsion system of a ship, will have a significant impact on ship's safety. 

4 A study* on large electrical machines, performed by the Institute of Electrical and 
Electronics Engineers (IEEE), investigated a failure rate for machines with a power range 
between 370 kW and 7400 kW. Based on a sample of more than 5000 unit years, the mean 
failure rate of electric machines was determined to be 0.0730 FPU (Failures per Unit and year) 
for the power range 370 kW to 3700 kW, and to be 0.2169 FPU for the power range 3700 kW 
to 7400 kW. According to this investigation, the failure rate increases for larger and slower 
motors. 

5 Acknowledging that a failure in the electrical system may have an impact, which is 
impossible to rectify on board the ship, the SOLAS regulations for the main power generation 
and distribution require designing with redundancy, i.e. SOLAS regulations II-1/26.3 
and II-1/41.1. IACS is of the view that this redundancy philosophy shall also be applied to all 
electrical machines used for propulsion, i.e. to require two independent electrical machines.  

6 Available failure statistics cover conventional electrical machines and demonstrate 
the relevance of electrical machine reliability. Double wound electrical machines are regarded 
as an unconventional arrangement for which no statistics are currently available. 

7 In general, IACS is of the opinion that, for safety reasons, unconventional designs 
should first be considered unreliable until enough evidence regarding their reliability becomes 
available, rather than being considered reliable until proven unreliable. 

8 IACS considers that an unconventional arrangement providing two windings within 
the same stator (or rotor) iron core is not regarded to provide that redundancy because a 
winding damage may lead to a total loss of both windings, as mentioned in IEC 60092-501 
(2013) due to:  

.1 two sets of windings within the same stator (or rotor) iron core are not seen 
as being independent since both will be affected by the same magnetic flux; 
and 

.2 it must be possible to electrically disconnect a winding with an insulation 
failure. For a synchronous machine or a permanent magnet machine this 
also implies that it must be possible to switch off the EMF generated by the 
flux from the rotor, either by de-exciting the machine or mechanically 
stopping the rotation (in order to prevent the voltage generated by water 
milling). 

Proposal 

9 In order to capture the above analysis and with a view to facilitating the consistent 
implementation of SOLAS regulation II-1/26.2, IACS has prepared a draft interpretation, 
provided in the annex to this document, for consideration of the Sub-Committee. 

* Report of large motor reliability survey of industrial and commercial installations, Part I, IEEE Transaction
on industry applications, Vol IA-21, No. 4, 1985.
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Action requested of the Sub-Committee 

10 The Sub-Committee is invited to consider the foregoing, the draft interpretation 
provided in the annex and take action, as appropriate. 

***
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ANNEX 

PROPOSED INTERPRETATION REGARDING REQUIREMENTS OF "SINGLE 
ESSENTIAL PROPULSION COMPONENTS" OF SOLAS REGULATION II-1/26.2 

SOLAS regulation II-1/26.2 states: 

"The Administration shall give special consideration to the reliability of single essential 
propulsion components and may require a separate source of propulsion power sufficient to 
give the ship a navigable speed, especially in the case of unconventional arrangements." 

Interpretation of "reliability of single essential propulsion components" 

1 The possibility of failures in electric machines should be considered. Sufficient 
propulsion capacity should be maintained or restored within due time for the following failure 
modes of electric machines, as a minimum: 

.1 winding insulation failures; and 

.2 excitation failures. 

2 Single electric propulsion motors (both single and dual winding with a single rotor) for 
main propulsion should not be considered to provide the reliability required for a single 
essential propulsion component. A separate propulsion unit sufficient to give the ship a 
navigable speed should be required for such arrangements. 

3 Propulsion arrangements with two independent rotors on a single shaft should be 
considered to provide the required reliability, provided it is possible to de-excite or de-flux each 
of the rotors individually and to supply independently the stators. 

___________ 


