CAMERGN 6650 Bingle Road

Houston, Texas 77092

September 15, 2010

To Whom It May Concern:
From: Brandy N. Jones, Manufacturing Engineering.

Please review findings in the attached document regarding FPR # 226314 and solenoid part
number 223290-63.

Executive Summary:

FPR # 226314
Description Of Failure:

“DURING PILOT LINE TESTING OF THE PODS, WE HAD A STRONG PULSATION OF THE PILOT LINE
PRESSURE ON NINE FUNCTIONS. WE REPLACED THE ASSOCIATED SOLENOID VALVES AND THE
PULSATION WENT AWAY, UPON FURTHER BENCH TESTING OF THE FAULTY SOLENQID VALVES A
DISTINCT PULSING SOUND COULD BE HEARD FROM INSIDE THE VALVE. THERE 9 VALVES IN TOTAL 8
OFF THE YELLOW MUX SECTION, AND ONE OFF THE BLUE MUX SECTION”

Actions Taken:

1. Blue and Yellow Pod’s arrived to Bingle Facility. All solenoids were unplugged from their pie
connectors.
2. Identified 23 solenold valves from a comparison of original setouts to the current MUX.
3. In an effort to determine which solenoids were puisating on the rig we performed the following
tests using test procedure X-065393-05:
A. Electrical: Resistance Test
‘ B. Electrical: Insulation Test
C. Electrical: Function Test: (Pull-in Voltage, & Drop Out Voltage)
D. Hydraulic Function Test with Singie Activated Coil, with Both Activated Coils
After performing tests A- D, the coil termination points were inspected.
Additional verification tests performed.
Presented results to customer,
Engineering recommendations to Rig.

Nowvy

Summary Tcst/Inspection Results:

*See appendix for a summary chart of test/inspection results. *

Electrical: Resistance Test

Electrical: Insulation Test : 1 Failure

Electrical: Function Test: (Pull-in Voltage, & Drop Out Voltage): 1 Failure

Hydraulic Function Test with Single Activated Coil, Both Activated Coils: 11 Passed, 12
Failed

com>

Coil Termination Points Inspection:
» 7 of the nineteen solenoids had wires crossed, reversed polarity, on ¢oil B pins 3 and 4.
Specifically, the white wire was soldered to 4 and the black wire soldered to 3.
* 6 of the seven solenoids with reversed polarity failed the leak test.
*» F.A.T. results show “no pressure signal” when both ceils were energized, however
performed properly with a single activated coil
* Only 1of the two solenoids that failed the electrical test had reversed polarity.
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Additional Notes:
* 4 of the twenty-three identified solenoids were plugged into the original # 11 pie connector,
which were identified using solenoid location and the pie chart. These e-connectors wers snipped
off and sent to Seacon for analysis. A leak test was performed on these prior, but not a coil
termination inspection. Pie connactor # 11 was also sent to Seacon. Seacon is gaing to perform
an analysis for reason of failure possibly due to the averuse of grease on the wrang area.
Results from Seacon are pending.
*The remaining (19) solenoids were tested and their coil termination points inspected.
* Further tear down of the failed valves without the reverse polarity was not requested.

In an effort to prove the affect of a solencid with reverse polarity between the two coils on its
function the following actions were taken:

1. Pulled a new solenoid from stock.

2. Reversed the polarity on coil B switching wires 3 and 4. Specifically, the white wire was
soldered to pin 4 and the black wire soldered to pin 3.

3. Performed hydraulic function test with Single Activated coil. Both Coil A and Coil B
functioned properly.

4. Performed hydraulic function test with both coils activated. Result; Pressure dropped to O psig
after 2 seconds of haolding pressure. Solenoid was in a “locked” position with 0 psig,

The above test proves reverse polarity between coil A and coil B results in two different magnetic ficlds
which cancel each other out.

In order to simulate field conditions and the affects of a solenoid with reverse polarity, we hooked the
soleneid up to a Mark I1 SEM with the following results:

Results:

Cail A Activated: Good

Cail B Activated: Good

Coil A and B Activated: The pulsating sound reported in the field was heard. Pull in and drop out
voltage switching quickly.

Conclusion:

Itis evident that reverse polarity between Coil A and Coil B in a 223290-63 solenoid valve will not allow
it to properly function with both coils energized. Reversing the polarity creates opposing magnetic ficlds
with a canceling affect. It is vital to check function with both coils activated. This step is in the solenoid
test procedure X-065393-05, and was in the procedure during the assembly and testing time of the
solenoids on the Dril!Max 2 Spare Pods. In addition, the power saving sofiware installed on the SEM plays
avital role in producing the pulsation in a solenoid with reverse polarity. It is possible this did not show up
on our valve test stand at first pass because those solenoids are fed a constant 24V,

Corrective Action:

Solenoid valves, 223290-63, are sold individually as spares and also as part of an upper level. Therefore,
the most appropriate corrective action is to identify any solenoid failures or reversed polarity while the
valve is still in production, prior to shipping or POD F.A.T. After reviewing the assembly and test
procedute, X-065393-05 for Cameron solenoid valves an ESR, engineering service request, will be sent to
engineering requesting the changes below.

1. Section 6.2: Function Test with Both Activated Coils, and Section 6.3 Function Test with One
Activated Coil, do not have an attached appendix chart (o record results on. A request will be
made to add in appendix for the testers to record and review their results,

2. Section 6,2; Function Test with Both Activated Coils should have instructions to watch for a drop
in pressure to 0 PSL. If this happens, it is likely that the solenoid has reversed polarity so the coil
termination points should be checked.
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The changes requested will make the valve room technicians more aware of the importance of coil
‘ polarity.
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Interim Instructions te the Rig: ‘

These instructions were sent to the rig for an interim testing solution.

September 10, 2010

Subject: Field Solenoid Valve Test

Reference:
Cameron doc: SK-122178-62 Pie connector chart

This procedure is to verify correct operations of solenoid coils for each function.
Both cails "A", and "B" for each function must be operated together to determine correct operation.

Steps:
1. Remove power from pods
2. Open up biceder ports, and disconnect hoses from direct pilot functions.
3. Tum power back on to ALL SEMS (Blue A, Blue B, Yellow A & Yellow B)
4. Perform function tests for both pods using SK-122178-62 Pie connector chart,
5. Allow function to stay in the energized state for a mimimum of 30 seconds.

=

Vent each function after the 30 second hold before going to next fumction.

NOTE: While firing each Pod function observe that a steady stream of hydraulic fluid flows from
each bleeder port. There should be NO oscillations or pulsing of solenoids.

Close bleeder ports, and reconnect direct pilot hoses after each function has been verified.
1. Switch to opposite POD, and perform the above steps. .

Jason Van Lue
Manager Field Service
Camecron Drilling Systcms
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A. Summary Chart of Test Results

o connsction to pedform

Wires # 3 ord #4 ore crossed

111952852-05 test Fass ctherwise good condition.
Hydroutic Fiuld ingress into the saive.
Pass Faited Corrosion an pin #1ond pin # 3
Crushed and exposed wise on pin ¥4
Appears it wos snashed betwsen the
Pass Fass bedy and end cop
596652-34 Fail Fass E-connector sent 1 Seacon
13844938-106 Pass Fags Sood termination point
Wires # 3 and #4 ore crossed
otheriwise qood condition. Cutiet
Fange placed incorrectiy (didnt sit
dowrn ol the way ). Cop gerawe are
; missing. "Puisation” written on top of
110808852 Failed Pass i by rig.
: Failzd. Mo prossure signaf
uitth lzoth coils ectiated.
Single goed Pass Pir & 3 ang 4 hove reversed polarity
Failad, Me orassure signal
wdth Loth cails activatad
Single good Paes Pin # 3 ond #4 ore reversed.
F ail Pass Pin # I and ##4 ore reversed.
Pass Pass Sood condition
Pin #2 s exposzd wire due to not
Failed. He pressure signsl being in the pin hole oii the way.
: ith droth coils activatad Wires 3 and 4 were swapped.
11059685217 Single good. Pass Arching/shart near pin mumber 2 1

Pin # X and #4 hove reversed

11091358517 F ail Faited polarity
(11054585278 Pass Pass Good condition,
: Physicat damage to wires 3 and 4.
11094RA52-72 Pass Pass Crushed ond pinched but net exposed.
(11085741821 F ail Pass Good condition
(0997852 09 Fail Pasa E-corneciar sent o Seacan
:110998352-88 Pass Pass E-connector sent fo Seocon
TN15TEIB-G4 Pass Pass E-connector sent fo Seacon
{211611230-02 Fass Hasgs Lood condition
11157516165 Fail Hass Diseaioration around pin #3
111157516105 Fail Fass Goaad condition

Smaii not cleep arching neor gin 2 3,
M Pass Pass Crherwise good concition
11099685273 Fass Hass Sood condition. Ko signs of arching
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B. Hydraulic F.A.T Results
. * Bad valves denoted with a letter “S” indicates a valve with a switched polarity.
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C. Electrical Test Results
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