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EXPERTS REPORT

COMMENTARY AND OPINION IN RESPECT OF INSPECTIONS AND
TESTS COMPLETED ON A BROKEN FAST RECOVERY CRAFT HOIST
ROPE FROM THE CAR CARRIER VESSEL MV TOMBARRA.

For: Marine Accident Investigation Branch
Mountbatten House
Grosvenor Square
Southampton
SO152JU

THE TEST HOUSE (CAMBRIDGE) LTD REFERENCE: T10388/ER
REPORT DATE: 9 March 2011

1. INTRODUCTION AND LOCATION OF SUPPORT EVIDENCE AND
TEST DATA

This experts report relies on evidence and test results from a laboratory
based failure analysis that had been jointly funded by MAIB and the
ship owners P & | Club, and which was published in a factual Test
House Report (Report Reference Number T10388F). All references to
Figure and Appendix numbers in this report are to those presented in

the earlier referenced factual report.

2. SAMPLES PROVIDED

MAIB had provided the samples from the broken hoist rope, as sealed
evidence exhibits (Figures 1 to 9 inclusive). The break site in the rope

was |located some 5,550mm from the recovery hook (Figure 10).



RECEIPT INSPECTION

The rope appeared free from pre-existing mechanical damage, wear
and fatigue cracking. It had been suitably lubricated with a lubricant
that had penetrated to the core of the rope. The lubricant had also
provided suitable external protection over the running part of the rope
length (Figures 13, 14, 15, 16, 17, 20, 21, 22, 23 and 24).

Though not significant in the failure process, the short length of rope
within the hook body was seen to be void of any lubricant, completely
dry, and exhibiting surface corrosion (Figures 18 and 19). No evidence
of significant corrosion damage was apparent in the main rope lengths,
all of which exhibited clear evidence of a satisfactory grease

maintenance regime.

ROPE CONSTRUCTION

The rope was of galvanised carbon steel wire type with a measured
diameter of 12.3mm. Construction comprised a composite steel
core wire of nineteen by seven wire strands and an outer lay of sixteen
by seven wire strands. It was of right hand lay construction with a

measured lay length of 75mm.

FRACTOGRAPHIC EXAMINATION

Wires at the break site (Figures 25 and 26) were seen to have
consistently failed as a consequence of a single event tensile overload.
Though isolated wires in the outer lay exhibited some evidence of mild
surface corrosion (Figures 27 and 28), the rope was still judged to be in
a sound serviceable condition. No significant rusting of core wires was
apparent (Figures 31 and 32) and consequently the rope core was also

judged to be fully serviceable.



Individual wires in both the ropes outer lay and core exhibited tensile
overload fractures, which were largely of classical “cup and cone” type
(Figures 29 and 33). Detailed examination of representative wire
fracture surfaces confirmed that failures had consistently occurred via
the ductile failure mechanism of microvoid coalescence (Figures 30
and 34).

Our inspections identified no evidence of wear or fatigue damage at the
break site and as no new wire breaks occurred during our manipulation
of the broken wire ends we concluded that the rope had not been

critically fatigue damaged prior to the accident.

METALLOGRAPHIC EXAMINATION

Individual wire fractures in both the outer and inner rope lay were
further confirmed, by metallographic examination, to have resuited from
a single event tensile overload (Figures 35 and 38). Parent steel
microstructures were free from anomalies (Figures 37 and 40) and
individual wires exhibited evidence of a retained surface
galvanized layer (Figures 36 and 39), the presence of which served to
confirm that the rope had suffered no significant corrosion. The
presence of retained surface galvanizing would also have served to

protect any local areas of bare steel wire substrate.

VICKERS HARDNESS TEST

The Vickers hardness test data (Appendix 1) was free from anomalies
and confirmed the rope to have been constructed from high tensile

strength parent steel wire.

CHEMICAL ANALYSIS

The chemical analysis results (Appendix 2) were free from anomalies

and typical of a high strength carbon steel wire.



10.

BREAK LOAD TESTS

The break load tests on a sample from the bitter end and casualty site
gave results that were very close to the original certified values for the
rope {Appendix 3 pages 1 and 2). The break sites exposed no
evidence of defects, pre-existing service wear or mechanical damage,
and when due consideration was taken to lay disturbance associated
with sampling, the results served to confirm that the rope was in very

good near pristine condition.

CONCLUSIONS AND OPINION

The fast recovery craft hoist rope had failed in a single tensile overload

event.

Prior to the failure the rope had been in demonstrably good condition
and was free from service wear, mechanical damage, fatigue and
significant corrosion wastage. The rope’s apparently good serviceable
condition was further confirmed by break load testing of samples
removed close to the casualty site and from the winch drum bitter end;
both of which vyielded test results very similar to original rope

certification.

The rope appeared free from pre-existing manufacturing defects and
was found to have been constructed from anomaly free high strength
steel wire that still retained a presence of protective surface

galvanizing.

In conclusion, our laboratory based failure analysis and material
characterisation failed to identify any material or metallurgical issues or
defects that could have pre-disposed the rope to failure. In the
apparent absence of defects and/or metallurgical anomalies in the

rope, the accident investigators are advised to look eisewhere for the



cause of failure, and in particular for the source of a tensile overload

that must have been in excess of 133KN.

Though not significant in this failure, the short length of rope within the
hook body was found to be completely dry and suffering surface
corrosion. The rope in this location was under service loads and the
owners should have taken reasonable steps to grease this rope dead
end on a regular scheduled basis. In inaccessible rope locations and
regions of ropes that are not subjected to pressure created by passage
of the rope through guides or blocks, a thinner shell ENSIS type
lubricant or similar generic product can often offer better levels of

inter-strand penetration and improved protection from corrosion.
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1. Introduction
Following an incident with a winch on the MV Tombarra on Monday 7" February 2011, we were contacted by
C F Spencer & Co Ltd to test the electrical systems associated with the winch and compile a report.

This report is compiled by:

Electrical Engineer
KPR Engineering (M&E) Ltd.

2. Overview

| was advised when attending site that the limit switch on the davit appeared to be unserviceable which
meant that the winch continued to operate when it should of been disabled, this being the case my survey
focused on the controls associated with the potentially failed limit switch.

3. Control Panel

3.1 Overview

There was a set of drawings provided in the control panel.
The design of the control panel is fairly basic. The control
panel enclosure is of plastic construction and is housed
within the ship about 5 metres away from the davit. The
control panel consists of:

¢ Incoming isolator
3 x Contactors
2 x Overloads
Control Transformer
Anti-Condensation Heater
3 Lamps
Terminals

3.2 Visual Inspection

A visual inspection of the control panel was carried out. The
cables were followed from point to point, which showed that
the control panel was wired to the schematic drawing
inside.

The supply to the panel is 440V 3 Phase AC.

MV Tombarra KPR Enginegring (M&E) Ltd.
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3.3 Outgoing Terminals

The two external proximity sensors are connected between
terminals 1 & 2 and 3 & 4.

Jumpers are fitted between the common terminals 2 & 3
and 4 & 5.

The cable seen on the outgoing side of terminal 1 is to do
with the heater circuit.

3.4 Control Transformer

The transformer (rated 135VA) is used to provide a control
voltage of 230V. The fuses on the primary and secondary
side of the transformer were checked and are as follows:

Tag | Circuit Part No Type

F3 Transformer | F4/450V 4A Quick acting
Primary

F4 Transformer | F4/450V 4A Quick acting
Primary

F5 Transformer | T2A/250V 2A anti surge
Secondary

F6 Heater T1A/250V 1A anti surge

All fuses were intact.

There were no ratings shown for the fuses on the drawing
in the panel. The drawing later provided showed the ratings
and matched the fuses fitted.

The 0V leg of the transformer was earthed to the back plate
of the control panel. The back plate of the control panel
was not earthed to the ship.

3.5 Motor Contactors

The winch motor is a two-speed motor requiring three
contactors for correct operation. | don’t have details of the
winch motor but it appears to be a pole amplitude type
arrangement where the low speed arrangement is star or
delta connected and the high-speed arrangement is double
star connected.

Contactor K1 is used for low speed; contactors K2 and K3
are used for the high speed. Interlocks are used to prevent
simultaneous operation of K1 and K3.

Tag | Type Rating Inrush | Sealed
K1 LC1D32 | 15kW 70VA 7.5VA
K2 LC1D38 | 18.5kW | 70VA 7.5VA
K3 LC1D38 | 18.5kW | 70VA 7.5VA
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3.6 Overloads

An extract from the overloads datasheet:

The overloads are of the thermal type, manufactured by Telemecanique (Tesys range) and are intended for
protection of the motor against overload.

The overloads are set to manual reset mode. When an overload occurs the blue reset button needs to be
pressed to clear the overload. To set these overloads to auto reset the plastic tab (between the letters H and A
on the photo) needs to be broken off and the switch below moved to the A position.

An overload is indicated by the flag (above the H in the photo) showing white. Neither overload was showing
tripped at the time of my inspection although | understand testing of the winch was carried out the previous day.

Settings
Tag | Circuit Type Tripping Class | Rating Setting
F1 Low Speed LRD32 10A 23-32A | Approx 26A
F2 High Speed LRD35 10A 30-38A | Approx 34A
MV Tombarra KPR Engineering (M&E) Ltd.
Rescue Boat Winch Incident (7" February) 15" February 2011
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Without details of the load that would have been put on the motor from the winch | cannot say if or when the
overload would of tripped. However as can be seen from the tripping curves above, the following load currents
are required to trip the overloads in the specified times.

Overload F1

Cold State

Hot State

2 Seconds

>17 x setting = >442A

13 x setting = 338A

5 Seconds 9 x setting = 234A 5.5 x setting = 143A

10 Seconds 5.1 x setting = 132.6A | 3.2 x setting = 83.2A

Overload F2 | Cold State Hot State

2 Seconds >17 x setting = >578A | 13 x setting = 442A

5 Seconds 9 x setting = 306A 5.5 x setting = 187A

10 Seconds 5.1 x setting = 173.4A | 3.2 x setting = 108.8A

MV Tombarra KPR Engineering (M&E) Ltd.
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4. Control Station

4.1 Location

Hand railing is provided to prevent unauthorised entry to the rescue boat davit area, the control station is
mounted on the hand railing on the opposite side to the winch near to the side of the ship. The operator
can view the rescue boat ascending from the control station location.

4.2 Controls

The control station consists of 3 buttons, an Emergency Stop button (lock-off type), a low pushbutton
and a high pushbutton. Pressing the low button will cause the motor to run at low-speed. Pressing the
high-button will cause the motor to run at high speed. The low and high pushbuttons are electrically
interlocked, pushing both pushbuttons together will mean that the starter will not operate. The controls
are non-latched, releasing the low or high pushbuttons will cause the motor to stop. The operator carries
out the transition from high speed to low speed.

MV Tombarra KPR Engineering (M&E) Ltd.

Rescue Boat Winch Incident (7" February) 15" February 2011
Electrical Report



5. Proximity Sensor

5.1

5.2

5.3

5.4

5.5

5.6

5.7

Overview

The limit switches are of the inductive proximity sensor type. These are non-mechanical type
switches, they operate by detecting the presence of a metallic object.

The proximity sensor is manufactured by Telemecanique part number XS7 C40FP260

Inspection

A visual inspection of the proximity sensor was carried out. The davit was in the retracted position
and the detection plate was adjacent to the detection face of the proximity switch. Inspecting the
relationship between the proximity sensor and the detection plate | was satisfied that the proximity
sensor was correctly located and the detection plate was within the sensing range of the proximity
sensor. The nominal sensing range of this sensor is 12mm, the detection plate was within 5mm. See
datasheet at end.

Fixings
Four fixing locations are provided on the proximity sensor to secure it to the davit. Of these four
fixings the back two fixings had screws in them done up tight. The top front fixing was missing; the

bottom front fixing was partially undone but was tight due to rusting. The 2 secure fixings were
sufficient to hold the sensor in place.

Water Ingress

| unscrewed and removed the front cover of the switch this is also where the sensor is actually
housed. Upon removing the cover | noticed that there had been water ingress, at the bottom of the
sensor there was brown rust marks where water had been and the lower electrical connection was
badly corroded. There were also signs of corrosion on one of the two pins on the sensor. There was
no sign of water still being present.

Programming of Sensor

On the back of the front cover there is a jumper bar, this is used to select NC (normally closed) or
NO (normally open) operation. The sensor was set to NC as it should be, when the proximity sensor
sees a metallic object the normally closed contact opens.

Testing

| tested for continuity between the two terminals on the body of the proximity sensor but this showed
that the connections were isolated from each other. | reapplied power onto the control panel and
returned to the proximity sensor. | tested for voltage and this showed that there was power to the top
terminal but not the bottom terminal. Another gentlemen attempted to start the winch, but it didn’t
operate. This showed that the interlock if operated would of disabled the winch from running. |
replaced the sensor head back into the body of the sensor and the gentlemen tried starting the winch
again which resulted in it moving. As the detection plate was well within the detection range of the
proximity sensor the winch should not of operated. My intention at this point was to remove the
sensor and test it away from the davit but | found that all the screw fixings had rusted and | was
unable to remove the sensor.

The ships electricians were called to remove and replace the sensor. The inspector was happy with
what he had seen and | was allowed to leave.

| contacted the inspector the following day and he advised that they were able to fit the replacement
sensor and that this new sensor disabled the winch motor as intended.

Ratings

These sensors are designed to carry a maximum of 500mA (inrush 2A), in the control circuit these
proximity sensors only switch the contactor coils, as can be seen previously they have an inrush of

MV Tombarra KPR Enginegring (M&E) Ltd.
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70VA, this equates to an inrush current of 0.304Amps, even if two contactors were pulled in together
(K2 & K3), which isn’t the case as there is an auxiliary from K2 in the control circuit of K3 then the
maximum inrush would be 0.608A, this is well within the rating of the sensor (2A).

The hold-in VA is 7.5VA which equates to 0.033A, 0.066A for both K2 & K3, again this is well within
the rating of the sensor (0.5A).

The manufacturers data does however stipulate it is essential to connect a 0.4 A “quick-blow” fuse in
series with the load. See Proximity Sensors Operating Precautions at end.

5.8 Application
The proximity sensor is rated at IP67 and as such is suitable for the application.

We have checked with the manufacturer with regards to the mounting arrangement of this sensor.
The sensor is a flush mountable type and as such we believe the way it is mounted is acceptable
and if interference was an issue, this is likely to cause the switch to operate i.e. disable the starters.

We have also checked with the manufacturer with regards to the failure mode of the proximity
sensor. They have advised as follows:

Any 'non redundant’ sensor such as this standard proximity detector can fail
either open circuit or short circuit and as such are not used in any safety
related control systems.

Where the failure mode is important, pairs of limit switches (to achieve
redundancy of operation in conjunction with a safety monitoring relay) with
positive opening contacts are used as the arrangement can be installed in such
a way to assure that welded contacts are forced open.

5.9 Photographs

5.9.1 Main Body

Proximity sensor body showing signs that there had been water ingress; the bottom
electrical connection was badly corroded. This photo also shows 1 fixing screw missing and
1 fixing screw not driven home fully.

MV Tombarra KPR Enginegring (M&E) Ltd.
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5.9.2 Head

This photo shows the underneath of the proximity sensor head. Again there are signs that
there had been water ingress. The gasket looks to be intact, perhaps slight damage at the
top left hand corner, this would be the bottom left corner when in place.

5.9.3 Programming Jumper

A close up of the NO/NC mode jumper, showing
that the proximity sensor is in the normally
closed mode. Slight corrosion can be seen on
the upper pin, lower when in place.

MV Tombarra KPR Enginegring (M&E) Ltd.
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6. Conclusion

The overloads were set correctly.

There were no wiring faults within the control panel preventing the proximity sensors from
disabling the starter.

There were no shorting links within the control panel or external to the control panel preventing
the proximity sensors from disabling the starter.

The starter would have been disabled had the davit proximity sensor gone open circuit.

The davit proximity sensor was set to normally closed as it should be.

The davit proximity sensor had failed short-circuit thus not stopping the winch motor when the
davit was in the retracted position.

Although a fuse of higher rating than recommended is used there is no evidence to suggest that
a short-circuit had occurred causing the failure of the davit proximity sensor.

There was evidence that there had previously been water ingress in the davit proximity sensor.

MV Tombarra KPR Enginegring (M&E) Ltd.
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7. Datasheets & Drawings

7.1 Proximity Sensor Characteristics



7.2 Proximity Sensor Detection Curves

Inductive proximity sensors

Detection curves

Block type proximity sensors with increased sensing range

Form C sensing dislance (mm)
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7.3 Proximity Sensors Operating Precautions

Inductive proximity sensors

BN +i—
=
BU —i+
BN
BU ~
BN o =
BU ~

2-wire type ==, non polarised NO or NC output

m Specific aspects

These sensors are wired in series with the load to be switched.

As a consequence, they are subjed lo:

O aresidual current in the open stale (current flowing through the sensor in the “open” stale),
D avoltage drop in the closed state (voltage drop across the sensor’s terminals in the “closed”
slate).

B Advantages

o Only 2 keads o be wired: these sensors can bewired in series in the same way as mechanical
limit switches,

o They can be connected to either positive (PNP) or negative (NPN) logic PLC inputs,

0 Mo risk of incorrect connections,

B Operating precautions

D Check the possible effects of residual current and voltage drop on the actuator or input
connecled,

o For sensors that do not have overload and shortcircuil protection (a.c. ora.c./d.c. symbel), it
is essential to connect a 0.4 A “quick-blow” fuse in series with the load.
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7.6 Additional Datasheets
Additional datasheets for the various components can be found online at the following locations:

7.6.1 Proximity Sensor

http://www.neweysonline.co.uk/neweys/pdf/Telemecanique Inductive Proximity Sensors Osipr
ox_Technical.pdf

http://docs-europe.€el ectrocomponents.com/webdocs/002¢/09007660b8002c9d6. pdf
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The following report details the failure analysis of the supplied proximity sensor limit switches.

Title: Rescue Boat Winch Incident Report for MAIB

ERA Project No. 04312-3062
ERA Report No. 2011-0124

1. Background

Following an incident on the MV Tombarra on Monday 7" Feb 2011 where a winch system
continued to operate when it should have activated a limit switch and been electrically disabled,
ERA RFA department have been asked to assess the limit switch which appears to have failed to
operate correctly.

The aim of this work was to try and answer four questions.

1. Cause of failure (water ingress or otherwise).

2. Approximate timeframe since failure (if feasible).

3. Likelihood of maintaining IP67 protection rating after 5 years in service (open deck of ship).
4. Likelihood of identifying a degrading condition before actual failure.

1 ERA Technology Limited provides this document in confidence to the client. The Client may use and copy the document in whole
without alteration for its own business purposes including disclosure to third parties.
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2. Identity of Samples
Three samples of proximity limit switch part number XS7-C40FP260 have been delivered.

1. New / unused sample - engraved with number 8B1016. Evidence bag reference
MO1846497

2. Used sample which is thought to be operating normally — engraved with nhumber 8B0546.
Evidence bag reference MO1846498

3. Used sample which is thought to have failed — engraved with number 8B0546. Evidence
bag reference 00478129

It is understood that samples #2 and #3 were deployed in a similar environments on the same
ship, although sample # 3 may have been slightly less exposed. The working sample #2 appears
much less “weathered” than the failed sample #3.

Important note — samples #2 and #3 were removed from the ship without the cable attached. It
had been requested that the cable was detached from the ship outside of the units, and that the
units were then delivered for assessment with the cable and the cable gland attached / un
disturbed on the unit. Because the cables were removed, any information about seal failure at the
cable / unit interface has been lost. Additionally any information about electrical integrity at the
terminals inside the unit has been lost.

3. New / Unused Unit investigation — sample #1

To assess normal operation this part was removed from its connector base and wired to a
standard 60W, 240V tungsten filament light bulb (to act as a suitable load for the circuit and
indicate whether the unit operated as expected). Mains live was connected to terminal 5, the
switched terminal 6 was connected to the lamp live, and the lamp neutral was connected to mains
neutral. (see Figure 1: Internal connectors on sample #1). The system was tested in the normally
open (NO) and normally closed (NC) configuration. The NO/NC configuration is set by a jumper
switch — (see Figure 2: jumper switch on sample #1). When powered on the unit operation was
tested by moving a piece of steel into proximity with the sensing face of the device (blue face on
the end of the device). The device operated as expected when the metal came within 15mm to
17mm of the sensing face. With the jumper set to NC the light switched off when the metal was in
proximity. With the jumper set to NO the light switched on when the metal came into proximity.
Note — on the used samples #2 and #3 the jumper was set to the NC position.

4, Working Reference Unit — sample #2
4.1 External examination

The unit retained the printed details on the outside surface of the case (it may be significant that
the failed sample #3 did not retain this printing).

© Copyright ERA Technology Ltd 2011 2 ERA-043123062 MAIB Repf
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4.2 Rubber gasket seal assessment

Looking at the rubber seal there is clear evidence of deterioration. The seal is beginning to split
and the rubber is beginning to harden / perish. There is no evidence of water ingress into this unit
— see Figure 6: Inside sample #2 , but the quality of the seal is considered to be compromised.
See Figure 4: sample #2 rubber gasket seal, and compare with an un used and presumably
younger example in Figure 3: sample #1 rubber gasket seal.

4.3 Electrical testing

Sample #2 was electrically tested in the same manner as sample #1. The jumper switch was in
the NC position. The unit behaved in exactly the same way as sample #1. This system is
considered to be in normal working order.

5. Failed Unit Investigation — sample #3
5.1 External examination

Sample #3 has lost its printed part number / electrical wiring information which was originally on
the outside of the unit. Looking closely there are witness marks which show that this information
was present, and the details are the same as samples #1 and #2. This suggests that sample #3
has been exposed to a greater amount of weathering than sample #2 — perhaps because it is
located in a more exposed part of the ship — see Figure 7: printing loss comparing samples #2 and
#3 . This increased weathering may be a factor in the rubber gasket failure which has caused the
unit to leak water (see below). During removal from the ship the connector section has been sawn
across the attachment

5.2 Rubber gasket seal assessment

There is significant deterioration of this seal — see Figure 5: sample #3 rubber gasket seal. The
seal has almost certainly been compromised which has allowed salt water into the cavity. There is
clear evidence of water ingress into the cavity. The angle of the water witness mark (rusty deposit
on the cavity surface) is in agreement with the angle at which the unit was mounted on the ship.
See Figure 8: Inside sample #3 cavity — connector section, and Figure 9: Inside sample #3 cavity
— electronics section.

5.3 Electrical testing

Measuring between the internal connectors which are controlled by the circuit (indicated by the
arrows in Figure 2: jumper switch on sample #1) when the unit was not powered, they were
found to be open circuit. This implies that if corrosion inside the connector section of the device
had caused electrical failure, the unit would fail open circuit (preventing motor operation). There is
also no evidence of short circuit in this part of the device. The fault must therefore reside in the
electronics control part of the device.

© Copyright ERA Technology Ltd 2011 3 ERA-043123062 MAIB Repf
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Sample #3 was electrically tested in the same manner as sample #1, and plugged into the
sample#1 base. The unit was tested with jumper switch in both the NC and NO positions.

Jumper position Metal in proximity Metal not in proximity

NO Light on continuously, drawing | Light flickers, drawing 0.12A
0.2A AC AC and 0.12A DC

NC Light flickers, drawing 0.12A | Light on continuously, drawing
AC and 0.12A DC 0.2A AC

This type of electrical failure is consistent with a semiconductor failure in a solid state switch. It is
therefore necessary to disassemble the electronics section of the device and remove the epoxy
potting which encases the circuitry.

5.4 Assessing electronics section of sample #1

It appears that there is an electrical fault in the potted electronics section of sample #3. To
investigate this fault, and determine whether sea water ingress is responsible for the failure, it is
necessary to “de pot” the electronics section. To test this process sample #1 electronics are to be
“de potted”. Assessing sample #1 before this process has revealed some defects in the potting
layer, as indicated by the highlighted area in Figure 10: sample #1 electronics potting defect,
where the exposed green of the circuit board can clearly be seen (the circuit board should be
completely sealed by the potting compound). If the same potting defects are present in the failed
sample then there is a chance that sea water has entered the device. This investigation is ongoing.

6. Conclusions
Returning to the objectives of this work

1. Cause of failure (water ingress or otherwise).

As the cable was removed from the samples we cannot definitively say where the water leak
occurred, however the rubber gasket on the failed sample had degraded significantly and may well
have leaked

2. Approximate timeframe since failure (if feasible).

It /s not possible to estimate the timeframe since failure. The unit may have leaked sea water long
before the electrical failure occurred.

3. Likelihood of maintaining IP67 protection rating after 5 years in service (open deck of ship).
Based on the deterioration of the rubber gasket, and the defects seen in the potting of the

electronics of sample #1, there is a strong chance that the device will not maintain IP67 protection
rating after 5 years, and this device is not considered fit for purpose in this application.
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4. Likelihood of identifying a degrading condition before actual failure.

It would be necessary to periodically open the unit to visually check for water ingress and seal
quality. This action may itself introduce a defect in the rubber gasket which will result in a water
leak and lead to device failure. Identifying a degradation of the device before failure is therefore
thought not to be simple.

7. Further Work

It is recommended that the electronics in the failed unit are de potted and assessed for evidence
of corrosion damage and / or water ingress, and component failure. This will clarify whether the
ingress of sea water into the connector cavity has lead to the device failure, or whether the
electronics have failed for some other, possibly un identifiable reason.

report authorized - sent electronically

Report prepared by: Checked by:
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Figure 3: sample #1 rubber gasket seal

Figure 4: sample #2 rubber gasket seal
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Figure 5: sample #3 rubber gasket seal

Figure 6: Inside sample #2
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Figure 7: printing loss comparing samples #2 and #3

Figure 8: Inside sample #3 cavity — connector section
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1. Background

4 May 2011

Following an incident on the MV Tombarra on Monday 7th Feb 2011 where a winch system
continued to operate when it should have activated a limit switch and been electrically disabled,
ERA RFA department made an initial investigation of the limit switch in question to assess whether

ingress of sea water into the electrical connections had been responsible.

ERA report number

2011-0124 dated 10 March 2011 reported on that investigation. It showed that there had been
water ingress to the electrical connections, but this alone was not the cause of the failure. MAIB
then asked ERA to dismantle and decapsulate part of the device to further investigate.

This document reports that second part of the investigation and should be read in conjunction with

the first report.

* ERA Technology Ltd provides this document in confidence to the client. The Client may use and copy the document in whole without

alteration for its own business purposes including disclosure to third parties.
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2. Investigation of switch unit

2.1 Electrical Test

In the first report it was noted that, using a tungsten light bulb as a load, the failed limit switch
made proper full connection in the ‘on’ condition, but in the ‘off’ condition gave a flickering low
power connection. It was considered that this failure mode might represent a ‘half wave’
semiconductor failure; that is the switch unit was on for, say, the positive half of each mains cycle
but off for the negative half. In order to assess this, as oscilloscope was connected across the load
lamp, with the circuits as descried in the previous report (and below).

Oscilloscope
Sensor

B oy
| il

Load lamp

The scope trace showed that the failure was indeed a half wave failure: i.e. the negative part of
the mains failed to switch off. See Figure 1. This test took place with the failed switch unit
mounted into the ‘socket’ of the new unit. The ‘socket’ of the failed unit was thereby positively
eliminated from suspicion.

2.2 Decapsulation of New unit

The sensor unit itself appeared to comprise two parts: The sensor part (behind the blue sensing
face), and a connection part (with the two connection pins and the NO/NC jumper). The
mechanical configuration provided near universal directional flexibility between them. The NEW
unit was carefully dismantled, sawing or filing away parts of the casing piece by piece. It seemed
likely that both of these parts contained active circuitry, but the two parts only had a low current
screened signal cable between them (2 cores + screen)( Note: Figure 2 shows the construction,
but the image is of the failed unit). It was therefore surmised that the power switching circuitry
was in the connector part, with the sensor part only containing sensing circuitry and perhaps
electronic buffering. The plug part of the unit was immersed in resin disintegrator until all the
black encapsulant had been removed, and the circuit board was fully exposed. One component on
this unit was visibly damaged during the process of its mechanical and chemical removal.

© Copyright ERA Technology Ltd 2011 2 043123082 MAIB Repf Iss 2.doc
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2.3 Decapsulation of Failed unit

The failed unit was then similarly separated into its two parts, the encapsulated board removed
(Figure 2), and the resin chemically removed from it. The process on this unit was successfully
carried out without any visible damage to the pcb or its components.

2.4 Electrical retest.

The decapsulated pcb of the failed unit was then reconnected up to its own sensor part, and
retested as above. It operated as before: i.e. fully on when it should be ON, but only half-wave off
when it should have been OFF. The decapsulation had therefore been completed without any
circuit damage.

The decapsulated pcb of the failed unit was then reconnected up to the sensor part of the good
unit, and retested as above. It operated as before: i.e. fully on when it should be ON, but only
half-wave off when it should have been OFF. The sensor head of the failed unit was thereby
positively eliminated from suspicion, and it was clear that the decapsulated pcb was the part with
the failure.

It had been noted that whenever the decapsulated failed pcb had been connected up in a circuit
to the mains supply (with either sensor unit as above) there had been an small instantaneous
spark underneath (pin side) of the pcb. It was noted that this was becoming markedly worse and
gave cause for concern. On close inspection it was clear that there was a small area of burn
damage between two tracks. This was initially assumed to be due to decapsulation damage
(decapsulant had removed some of the green insulation layer), and it was therefore cleaned up
and coated in an electrically insulating sealant (See Figure 3). On retest, the unit worked perfectly:
The fault had disappeared. Correct operation was confirmed in both NO and NC modes. It was
therefore clear that this damage was not decapsulation damage, but was in fact the original fault.

Schneider had been requested and had supplied MAIB with a circuit diagram and board layout.
MAIB forwarded these to ERA. Unfortunately when ERA put these alongside the hardware there
were obvious differences in the board layout. It appeared that the drawings supplied were either
an earlier or later version of the board in question: It was assumed that the circuit diagram
suffered from the same problem. From a brief look at the pcb, it was clear that the 2 connection
pins were connected to the ac corners of a full wave rectifier bridge integrated circuit. The short
circuit which had been found effectively shorted one of the diodes of that bridge.

The operation of the circuit is not clear to us, in that we do not have the full circuitry (only the one
pcb in question), and no knowledge of the sensor in conjunction with which it works. It is clear
that the circuit is sophisticated in that it operates without any neutral or ground connection.

An attempt was made to recreate the fault by reapplying an external short circuit at the same
point. This produced half wave conduction, regardless of whether or not there was metal present
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near the sensor head. A variety of resistors were used as a ‘partial short circuit’, and a resistors of
56082 appeared briefly to produce the original problem, however the resistor rapidly burned out.
This test was considered not fully conclusive.

2.5 Optical Review

Pictures taken during the process of cutting apart the failed unit were reviewed to see if there was
any evidence of an encapsulation problem in that region of the short, which might have allowed
sea water ingress. No such evidence could be seen. See Figure 4.

2.6 SEM-EDX Review

Energy Dispersive X-ray (EDX) analysis was used in the Scanning Electron Microscope (SEM) to
determine whether any sea salt could be identified in the region of failure on the pcb. It was
considered most unlikely that this would be successful, since the board had spent some hours in
resin disintegrating fluid, and had also been thoroughly cleaned in the region of the failure to allow
the insulating sealant to bond. As expected, no evidence of sea salt residue could be detected.

3. Summary

The pcb of the plug part of the failed sensor unit was successfully decapsulated without damage,
and continued to operate with the same electrical fault.

Substitution of another socket base, and another sensor part of the head showed that the fault
was certainly in the circuit of the plug part of the head.

The elimination of a short circuit on this board, which was initially though to derive from the
decapsulation process made the fault disappear, strongly indicating that this was in fact the
original fault.

Substitution of a fixed resistor for the fault short, gave rise to similar conditions to the fault
condition, however rapid heating of the resistor made it difficult to be certain in this test.

Review of optical pictures taken during decapsulation showed no evidence of encapsulation failure
in the region of the fault.

SEM-EDX analysis failed to find any evidence of sea salt ingress, although it is almost certain that
even if there had been sea water ingress, any residues would have been removed during the
decapsulation and board cleaning process. This test was therefore not definitive.
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4, Conclusion

The earlier report showed that there clearly had been water ingress in to the electrical connection
and head socket cavity of the sensor device, but that this did not appear to be the cause of failure
since the head still malfunctioned on the laboratory bench when apparently completely dry.

This report has very strongly suggested that the actual failure was caused by a partial short circuit
on the internal pcb. It is difficult to fully establish how this arose. No fault in the encapsulation in
that region was apparent, and no evidence of sea water ingress was found. There was heat
damage in the region of the short, including charred circuit board and chipped green surface
insulation. While the heat damage was almost certainly caused by the fault and not the cause of
the fault, the insulation damage could have been either a causal factor, or caused by the fault.

The first report showed that the proximity sensor unit was inadequate for the application, at the
very least because the sensor head rubber seal had degraded significantly over its life, and
whether through that seal or through the cable gland seal, water had ingressed into the unit.

It logically stands that if, as seems apparent, the operating procedure on the ship (either as
formally written or as practically operated) permitted the sole stop function to rely on this
proximity switch, then both the switch was inadequate for the purpose and the operating
procedure was deficient, because there was no fail-safe function or back-up cut-out in the system.
This is unacceptable in a safety critical function.

Report prepared by: Checked by:
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Client sample disposal

All customer supplied samples will be disposed of 3 months after completion of the project unless otherwise
agreed in writing. ERA reserves the right to charge reasonable costs for carriage and disposal where a
customer wishes samples to be returned.

About ERA Technology Limited):

ERA was established in 1925 and employs about 240 people of whom about 80% are scientists/engineers
qualified to first degree level or higher. It provides impartial expertise on technical and regulatory issues
associated with products, manufacturing and design, across the whole manufacturing sector from consumer
electronics, through aerospace to power systems and utilities.

Regulatory compliance capability

ERA has in depth capabilities concerning regulatory compliance (CE, EMC, LVD etc.) and in particular on the
growing raft of environmental measures on substance restrictions (REACH, RoHS), ecodesign and waste
(WEEE, batteries) and similar requirements worldwide. ERA consults for industry, trade associations and
also for regulators and policy makers, and has carried out work for UK government and the European
Commission to support both the RoHS and Ecodesign directives and well as advising on REACH. This
included assistance in developing RoHS enforcement guidance, the definition of homogeneous material used
in the RoHS directive and in development of the IEC disjointment guidance. As such it is in a good position
to provide informed insight into regulation as it develops not just in terms of what is stated in regulation but
what needs to done in practice. For more information go to www.era.co.uk/environment

Failure Analysis Capability

ERA has 40 years experience in failure analysis of electronic and other hardware. It has carried out
thousands of investigation projects on failures ranging from miniature components up to whole systems or
even power and chemical plant. It has a broad range of chemical analysis, electrical test, and mechanical
testing equipment, as well as a powerful state-of-the-art Scanning Electron Microscope with many
associated test probes. Our range of experts, including physicists, electrical and mechanical engineers,
chemists and metallurgists, with background experience from research, through to manufacturing industry,
offer a huge resource of knowledge to effectively diagnose the root causes of problems. For more
information go to www.era.co.uk/forensics
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Figure 1: Failed Limit switch with load lamp connected along with monitor oscilloscope:
above: metal mass away from switch — power full on
below: metal mass close to switch — negative voltage fails to switch off.
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General Arrangement N65687 A
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General Arrangement NB2625 F
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Winch load test report
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Marine Safety Forum — Safety Flash 11-07

Issued: 4™ February 2011

Subject: Broken davit wire during FRC launching from “Scorpion” davit

SUMMARY OF EVENTS

A vessel was preparing to launch the FRC during re-validation trials. All checks were carried out.
The crew boarded the FRC and the launching operation commenced. The boat with three crew
members on board was lifted up. As soon as the davit swung out a loud “bang” was heard and the
Coxswain noticed that the davit wire began unstranding approx. 1metre above the hook. The FRC
was pulled as soon as possible and stowed on the davit. The FRC crew disembarked safely. The
vessel returned to port for an investigation.

Photo 1 (Limit switch in activation position)
COMMENTS
After inspection of Davit, the following was noted:
The Docking Head limit switch did not work (photo 1). It was wrongly positioned and it did not stop
the docking head being lifted further (photo 2). The strain applied to the wire was too high. As a
result, full hydraulic pressure was applied to the davit wire, well above the breaking strain, and the
wire almost parted.




ACTIONS

Photo 2 (Docking Head)

Davit Operators to make sure that when operating davit the Docking Head limit
switch activates before the ram lug makes contact with the sleeve (see photo 2).

Weekly checks to incorporate checking safe operation of limit switch.

Risk Assessment for “FRC/DC Launch & Recovery” to be reviewed.
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MAIB SAFETY BULLETIN 2/2011

Malfunction of a proximity switch, which resulted
in failure of a fall wire with the loss of one life
on the car carrier Tombarra

Marine Accident Investigation Branch
Mountbatten House

Grosvenor Square

Southampton

SO15 2JU



MAIB SAFETY BULLETIN 2/2011

This document, containing safety lessons, has been produced for marine safety purposes only,
on the basis of information available to date.

The Merchant Shipping (Accident Reporting and Investigation) Regulations 2005 provide for
the Chief Inspector of Marine Accidents to make recommendations at any time during the
course of an investigation if, in his opinion, it is necessary or desirable to do so.

Steve Clinch
Chief Inspector of Marine Accidents

NOTE

This bulletin is not written with litigation in mind and, pursuant to Regulation 13(9) of the Merchant
Shipping (Accident Reporting and Investigation) Regulations 2005, shall not be admissible in
any judicial proceedings whose purpose, or one of whose purposes, is to apportion liability or
blame.

This bulletin is also available on our website: www.maib.gov.uk

Press Enquiries: 020 7944 6433/3387; Out of hours: 020 7944 4292
Public Enquiries: 0300 330 3000









SAFETY ISSUES

The maximum pull of a hoist winch can exceed its nominal pull several-fold, and
therefore is likely to exceed the breaking loads of other system components unless
this is prevented by a properly functioning ‘final stop’ or safety device.

The proximity switch fitted to the Schat-Harding SA 1.5 davit, and also known to be
fitted to the SA 1.75 davit, is considered by its manufacturer to be inappropriate for
use as a ‘final stop’ or safety device.

The fitting of the proximity switch was not compliant with its manufacturer’s
instructions. As a result, the gland and cable entry were higher than the switch body
and its susceptibility to water ingress was increased.

Given the potential catastrophic consequences of the failure of the proximity switch
fitted to the SA 1.5 and SA 1.75 davits, it is essential that owners of vessels fitted
with these davits (over 320 vessels) are made aware of the potential limitations of
the switches and the precautions to be taken.

All devices (inductive and mechanical) fitted to davits to prevent overload
must be maintained, tested and replaced in accordance with manufacturers’
recommendations.

ACTION TAKEN

Schat-Harding has issued a Product Awareness Notice (PAN) to its customers
highlighting the need to test the proximity switches fitted on its SA 1.5 and SA 1.75 davits
on each occasion before hoisting operations commence, and recommends that the
proximity switch is replaced every 2 years; it also highlights the need for caution when
using pressure washers on deck.

RECOMMENDATION
$117/2011 Owners and operators of vessels equipped with boat davits should:

In the case of vessels fitted with the Schat-Harding SA 1.5 and SA 1.75 davits, follow
the advice contained in the PAN recently issued by the manufacturer or urgently
contact Schat-Harding' if a PAN has not been received.

Ensure that all devices (inductive or mechanical) fitted to boat davit systems to
prevent overload are tested on each occasion before a boat is hoisted and that such
devices are not relied upon during operation.

Follow manufacturers’ recommendations regarding the maintenance and periodic
testing, examination and replacement of safety devices, seeking clarification from
manufacturers where ambiguity exists.

Verify the effectiveness of watertight seals on electrical equipment fitted to boat
davit systems on weatherdecks.

Issued May 2011

1 service@schat-harding.com
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MAIDB

MARINE ACCIDENT INVESTIGATION BRANCH

FLYER TO VESSEL OPERATORS USING PROXIMITY
SWITCHES ON DAVIT LAUNCHED SURVIVAL CRAFT

TOMBARRA - MALFUNCTION OF A DAVIT PROXIMITY SWITCH RESULTING IN THE
FAILURE OF A RESCUE BOAT FALL WIRE WITH THE LOSS OF ONE LIFE

During the final stages of a rescue boat drill on board the car carrier Tombarra in Royal Portbury
Docks, Bristol on 7 February 2011, the rescue boat was hoisted towards its stowed position on the
davit.

The davit proximity switch that should have cut electrical power to the winch motor before the

davit arm reached its stops failed to operate. As a result, when the rescue boat reached its stowed
position, the winch rapidly overloaded the fall wire. The wire parted, and the rescue boat (Figure 1)
plummeted about 29m into the water below, killing one of its four crew.

Figure 1: The rescue boat and crew after the fall wire failure

Onboard instructions to test the proximity switch prior to recovering the rescue boat at every drill
were not followed. In addition, the davit system manufacturer’s operating manual implied that the
proximity switch should be used to stop the winch motor. Consequently, the proximity switch and
not the control buttons were used by the winch operators to stop the winch motor.

The davit proximity switch (Figure 2) did not operate due to a short circuit of its printed circuit
board. The short circuit had been caused by either moisture ingress or by transient power surges.

Inductive proximity switches can fail in either the ‘ON’ or ‘OFF’ state, depending on the exact
failure mechanisms, and therefore both the failure mode, and the time of occurrence, can be
unpredictable.



Figure 2: Proximity switch on davit (circled)

Safety Lessons

1.

Safety devices (both inductive proximity switches and mechanical limit switches), fitted to
davits, are intended to prevent the over- stressing of the falls and davit structure. They are
not fitted for ease of operation.

Davit safety devices must always be tested prior to a rescue boat being hoisted.

Davit safety devices should not be relied upon. The davit winch must be stopped prior to
the davit safety device operating.

Visual aids to prompt when winch motors should be stopped could be extremely beneficial.

Care must be taken when cleaning and painting electrical equipment on deck.
High-pressure hoses must be used with caution.

This flyer and the MAIB’s investigation report are posted on our website:

www.maib.gov.uk

For all other enquiries:

Marine Accident Investigation Branch Tel: 023 8039 5500
Mountbatten House Fax: 023 8023 2459
Grosvenor Square Email: maib@dft.gsi.gov.uk
Southampton

SO15 2JU

Marine Accident Investigation Branch
July 2012
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