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LOSS OF POSITION INCIDENT CAUSED BY AN EMERGENCY STOP CIRCUIT FAULT - LOSS OF BOTH
MAIN PROPULSION UNITS
Why this Learning Is Being Issued
A DP incident was caused by commonality in a normally energized emergency stop system for
main propulsion thrusters.
Target Audience for this Learning
e DP Vessel Owners and Management Teams
e DP Technical Support Function
e DP FMEA Practitioners
e Classification Societies
e Vessel Designers

e DP Assurance Teams and Charterers
What happened

A diesel electric DP Class 2 vessel lost position when both its main propulsion units stopped
unexpectedly while carrying out sub-sea operations. There were no consequences from the
loss of position. The DP operation was made safe. Propulsion was restored once the cause was
identified.

Why it happened

The vessel has a diesel electric power plant with tunnel thrusters, main propulsion units and
their auxiliary systems powered by electric motors. The main and backup lubricating oil pumps
for both the port and starboard main propulsion units were on a common ‘Oil & Ventilation’
shutdown circuit. The shutdown circuit used normally energised relay logic powered from two
sources through diodes. A loose wire in the shutdown circuit at one of several daisy-chained
(normally closed) emergency stop (E-stop) push buttons caused all the relays to de-energise
stopping both main propulsion units, leading to drift off.

Note: Normally energised e-stops will shut down their associated equipment following loss of
input power supply.

MTS DP committee thanks the submitter of this ‘learning from insights’ on behalf of the DP
community. Learnings from incidents LFlg and insights LFl, are published on the MTS DP committee
website to promulgate learnings form all available sources with a view to enable proactive management of
vulnerabilities and minimize potential for DP loss of position incidents.
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What investigation steps were carried out

Many alarms were generated for the unexpected shutdown of the main propulsion units.
Amongst these alarms was one for 'Propulsion Compartment E-stop Activated'. The crew
examined the E-stop circuit for this shutdown and found the loose wire. Once the failure
mechanism was identified, the investigation was widened to all the other parts of the
shutdown system. No other significant vulnerabilities were identified.

What was focused on: The investigation focused on common points between the redundant
DP equipment groups. The E-stop circuit was identified as a common point connecting the port
and starboard main propulsion units. The emergency stop circuits were reviewed and found to
shut down main and backup lubricating oil pumps on port and starboard main propulsion units
using a normally energised circuit. The investigation also focused on whether there could be
similar single point failures in other parts of the E-stop system.

Why was this focused on: There was an alarm indicating the Propulsion Compartment E-stop
had been activated but the push button had not been operated by the crew. A fault was found
which could be demonstrated to cause the experienced failure effect and produce the alarms
obtained during the incident.

What was the outcome

There was clear evidence to indicate the cause of the shutdown. The normally energised
shutdown circuits were retained, but their pushbuttons, outputs and power supplies were
duplicated and divided to follow the split in the DP redundancy concept. The single
‘compartment’ level shutdown was divided into independent Port and Starboard shutdowns.

Confidence level on outcomes: High

Basis of confidence: A fault was found which could be demonstrated to create the experienced
failure effect and produce the alarms recorded during the event.

Lessons learned

e External interfaces to the DP system should avoid introducing commonality between
redundant DP equipment groups.

e DP FMEAs should analyze the interface between the DP system and external interfaces
such as E-stops for oil pumps and ventilation fans.
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e Consideration should be given to the use of a DP FMEA methodology such as RP-D102
which focuses on identifying common points connecting redundant DP equipment groups.

e Consideration should be given to the benefits of using normally de-energized circuits for
emergency stop of DP related equipment.

e Recording and analyzing every action (automatic or manual) that can stop DP related
equipment such as thrusters and generators allows a more comprehensive assessment to
be made of the common cause failures to which they may be exposed.

e The failure effects of shutdown circuits should be confirmed with the vessel operating on
DP.

e The Cause and Effects (C&E) matrix for emergency stops and shutdowns should be
confirmed with the vessel operating on DP.

e Function testing of emergency stops cannot be relied upon to reveal single point failures
because it is accepted that the necessary operations of safety shutdowns may lead to a loss
of position even though it is unacceptable for their failure to have this effect. Thus, it does
not follow directly that those who test safety systems will necessarily conclude that there
is a problem if such a test leads to a loss of position (e.g., ESD 0 shutdown level on a DP
drilling vessel).

Where commonality is unavoidable, the external interface to the DP system should be
developed using a ‘System’s Engineering Approach’ and be designed to fail in such a way that it
does not cause a loss of position following any single failure as required by IMO MSC Circ. 645
Part 3.6.1 which states, under requirement for essential non-DP systems:

“For equipment classes 2 and 3, systems not directly part of the DP-system but which in the
event of failure could cause failure of the DP-system, (e.g. common fire suppression systems,
engine ventilation systems, shut-down systems, etc.), should also comply with relevant
requirements of these Guidelines.”

Note: Part 3.6 of IMO MSC.1 Circ. 1580 contains a virtually identical statement.

Actions

Short-term remedial actions: The E-stop circuits for the main propulsion units were separated
but continue to use normally energised circuits (see Figure 1 and Figure 2 below). The common
points created by the dual E-stop supplies crossing redundancy groups was removed. Cross
connections are controlled by the configuration section of the ASOG.
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e The complete C&E matrix for the E-stop system was proven by testing on DP
e The effects of partial and total power supply failure were tested

e The effects of non-redundant ventilation failure in spaces containing redundant elements
of the DP system were assessed during testing
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circuits for DP related consumers. Industry guidance to be published on the same.
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Results breakdown from MTS LFI Tool

The chart below shows the breakdown of the causal and contributory factors as defined within
the four criteria of Design, Operations, People and Process obtained using the MTS LFI
(fishbone) tool. Nine factors were identified with the following distribution.

Design - 5
Operations - 0
People - 1
Process - 3

Results Breakdown

m Design
33% .
Operations
People
11% Process
0%
Figure 3 LFI Tool Results Breakdown

The incident has two strong causal and contributory elements:

e Design

e People and the processes they use

Design: The design factors relate to the design of the emergency stop circuits which
introduced a common point between the two main propulsion units using normally energised
relay logic which was vulnerable to the interruption of power. Loose contacts are a reasonably
foreseeable failure leading to loss of power and consequential trip of connected equipment.

People and Process: The people and process factors relate to the inability of the DP system
verification and validation process to identify this single point failure and prevent a loss of
position incident. The analysis in the DP system FMEA concluded there was no failure effect in

the emergency shutdown system with a severity exceeding that of the worst-case failure

design intent.
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Design sub-topics

The MTS LFI tool reports separately on three attributes of DP system design which are
frequently found to be causal and contributory factors in DP incidents. In the case of this
incident, two of those three attributes were factors (Commonality and External Interfaces).

Ergonomics — Were not a causal or contributory
Commonality — Was a causal or contributory factor

External Interfaces — Were a causal or contributory factor

Suggested actions

It is recommended that vessel owners review the design of the emergency stop circuits of their
vessels and confirm that no single failure of the shutdown system can have effects exceeding
the severity of the Worst-Case Failure Design Intent. Particular attention is required to prove
the failsafe properties of E-stop circuits based on normally energised relay logic as these types
of circuit may be vulnerable to common cause failures such as voltage dips affecting more than
one redundancy group. Examples of such failure mechanisms would include faults in auto
changeovers or dual fed consumers which share the same power distribution as emergency
stop circuits serving redundant DP equipment groups (e.g., a fault in a dual fed consumer
causes a voltage dip on E-stop power supplies for more than one redundancy group).

FMEA practitioners should ensure their processes address external interfaces to the DP System
such as emergency stops and that the conclusions of the analysis are confirmed by a
comprehensive set of DP FMEA proving trials.

Classification societies approving DP system FMEAs may wish to consider the level of
transparency in supporting analysis and documentation they require within a DP system FMEA
report.
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