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Naval Safety Center Program Guide

(15 Feb 2004)

PROGRAM:

 HYDRAULIC CONTAMINATION PROGRAM

REFERENCES:
(a)
OPNAVINST 4790.2H, Vol V, Chap 6

(b) NA 01-1A-17

(c) NA 01-1A-20

(d) NA 17-15E-52

Recognized Fleet-wide Discrepancies:

· All required hydraulic contamination publications are not listed as required reading on standing required reading board.

· HSU does not have a cover to protect it from contamination.

· Patch test kit contains sample bottles with residual hydraulic fluid.

· Patch test kit does not have an accurate inventory.  Petri slides and sample bottles are missing and cannot be accounted for.

· Patch test kit doesn’t contain required HAZMIN labels for PD-680 (MIL-PRF-680) and hydraulic fluid (MIL-PRF-83282D)

· Improper pre-operational inspections being conducted on HSUs and hydraulic Jennies.

· Unqualified personnel performing hydraulic patch tests.

· Electronic Particle Counter is not being maintained in an RFI condition.

· Old/used patch test filters lying around shop/patch test kit

· Removed hydraulic lines and components are not protected against contamination.

· Trend analysis logbook entries do not follow a logical sequence of sampling.  Reason blocks do not follow alpha sequence for Pre/Post-phase samples or when a failing sample has been documented.
· Patch test clean area dirty and cluttered.
· Trend analysis samples not being documented for SE turned in for PM or repair/decontamination.
· Trend analysis logbook being maintained by the Airframes work center vice QA.
Areas of concern:  Hydraulic contamination causes hydraulic system and component failures and presents a serious threat to flight safety.  Stringent contamination control is required at all levels of maintenance to ensure flight safety and the highest degree of hydraulic system readiness.  (Ref (a), Para 6.2.a & c, Para 6.3.h(5); Ref (b), Sect VI, Para 6-4)
HYDRAULIC SERVICING UNIT (HSU-1)

There are a couple of different hydraulic servicing units available to the Fleet.  The majority of aviation commands utilize the 3-gallon capacity HSU-1, P/N 630AS100-11.  (Ref (b), Sect VII, Para 7-18 thru 7-22) Requirements and upkeep for this unit are simple.  AG-140BA-MRC-200 contains inspection criteria for 13 and 26-week inspections.  AG-140BA-MRC-100 is the pre-operational checklist.  AG-140BA-MIB-000 is the Operational and Intermediate Maintenance Instruction w/IPB.  


HSU-1’s should be stored in a manner to protect them from contamination.  A simple cover manufactured by the paraloft will suffice.  Ensure the service hose is protected with an approved metal plug or cap if the unit has a quick disconnect (QD) attached.  Care should be taken to avoid damage to the upper and lower seal/piercer assemblies.  Wipe all tops and bottoms of hydraulic fluid cans with a clean lint-free rag prior to installation.  Be especially sure that the correct fluid is used to service this equipment.  There are 1-gallon cans of other types of fluids designed by the same manufacture and the can label design is the same as hydraulic fluid except for the color and letter size.  At night, these differences may not be easily noticed especially during HIGH OPTEMPO.  The type of fluid shall be legibly marked on all servicing equipment to prevent any unauthorized (foreign) fluids from being introduced into the SE unit or aircraft hydraulic system.  (Ref (b), Sect VI, Para 6-5.3) The effects of foreign fluid contamination on a hydraulic system are explained below.  Contaminated units should be turned into AIMD/MALs immediately for filter change and flush and fill.  (Ref (b), Sect VI, Para 6-5.1 and 2)

HYDRAULIC SUPPORT EQUIPMENT (SE)

Everything from Hydraulic Jennies to Check and Fill stands and Hydraulic Bowsers (HSU) comprise hydraulic SE.  Refer to the applicable MRCs and MIMs for your particular piece of equipment.  As with the HSU, care and cleanliness for hydraulic SE is paramount in not introducing external contamination into your aircraft.  Ensure all hoses are capped or protected from outside contamination.  Conduct proper pre-operational inspections using the applicable MRC prior to each use and ensure regular patch testing is conducted prior to the first use of the day and before connecting and immediately following disconnection from an aircraft.  (Ref (a), Para 6.3.e.(3))  Under no circumstances shall hydraulic fluid from an open container or drained from equipment or components be reused to service either aircraft or SE.  (Ref (a), Para 6.3.h (10); Ref (b), Sect VI, Para 6-5.4, 5 & 6)
HYDRAULIC FLUID CONTAMINATION


Contamination present in an operating hydraulic system will have normally originated at several different sources.  Maintenance malpractices and poorly maintained SE introduce large amounts of external contaminates.  Wear and chemical reactions are also factors in hydraulic system contamination.  The types of contamination are generally classified as organic, metallic solids, nonmetallic solids, foreign fluids, air and water.  

Organic solids are produced by wear, oxidation or polymerization.  Minute particles of O-rings, seals, gaskets and hoses are present due to wear or chemical reactions.  

Metallic contaminates are almost always present in hydraulic systems.  These particles are the result of wear and scoring of bare metal parts and plating materials such as silver and chromium.  

Inorganic or nonmetallic solids include dust, paint particles, dirt and silicates.  These particles are often drawn into a hydraulic system from external sources.  Disconnected hoses, lines and components are entry points.  The wet surface of a hydraulic piston shaft may also draw some contaminates past the wiper seals and into the hydraulic system.

Air contamination, dissolved, entrained or free floating can adversely affect a hydraulic system.  Air entrained hydraulic fluid can cause severe mechanical damage from pump cavitations, system pressure loss or slow or erratic flight control movements.  

Water is a serious contaminant of hydraulic systems.  Dissolved, emulsified or free water may result in the formation of ice or oxidation or corrosion products of metallic surfaces.

Foreign fluids are generally the result of lube oil, engine fuel or incorrect hydraulic fluid having been inadvertently introduced into the hydraulic system during servicing.  The effect of foreign fluids other than water depends on the nature of the contaminant.  Compatibility of materials of construction, reactions with hydraulic fluid and water, and changes in flammability and viscosity are all affected.  The effects of such contamination may be mild or severe depending on the contaminant, amount (quantity) and length of time it has been in the system.  (Ref (b), Sect II, Para 2-1 thru 2-20 and Sect III, Para 3-8)
CONTAMINATION ANALYSIS (PATCH TEST) KITS (P/N 57L414)

Patch test kits shall be used for testing only if Electronic Particle count testing is not available either directly or via the appropriate supporting I-level activity or NOAP lab.  (Ref (b), Sect III, Para 3-16)   Maintain these kits in an RFI status at all times.  (Ref (b), Sect III, Para 3-8; Ref (d), WP 001 00, Pg 12, Para 59) Excess hydraulic fluid and PD-680 shall be drained from sample bottles.  A locally manufactured draining rack will aid in removing residual hydraulic fluid from sample bottles.  Label the kit with the MILSPEC numbers for hydraulic fluid and PD-680 or attach an appropriate HAZMIN label (DD Form 2521, 4”x7”) to alert personnel to the hazards of the chemicals or residual chemicals contained within the kit. (Ref (d), WP 001 00, Para 16 and 17)  These labels may be printed from the HMIRS website, www.dlis.dla.mil/hmirs.  To control the tracking and use of Petri slides and sample bottles I suggest developing an inventory sheet to account for all items contained within the kit.  I’ve seen a separate logbook used to track these items.   This will prevent excessive amounts of Petri slides laying around in desk drawers, workbenches and other undesirable places.  Remember, this kit is a tool.  

Ensure all patch tests are turned into QA for entry in the trend analysis logbook.  (Ref (a), Para 6.3.h.11)  Once entered, the samples should be destroyed to prevent reuse.  Proper patch test procedures, kit description and illustrated parts breakdown are contained in Ref (d).

ELECTRONIC PARTICLE COUNTER (E.P.C.)

This is the preferred method of hydraulic sampling.  (Ref (a), Para 6.2.d; Ref (b), Sect II, Para 2-23 and Sect III, Para 3-16)  As with the Patch test kit, EPCs shall be kept in an RFI condition at all times.  (Ref (b), Sect III, Para 3-8)  Refer to applicable manufacturers publications for proper operation and calibration.   Only personnel with appropriate training shall operate electronic particle counters or perform sample preparation.  (Ref (b), Sect II, Para 2-23 and Sect III, Para 3-22)  Calibration requirements shall be accomplished after any repairs that could affect calibration, whenever there is any reason to suspect inaccuracy of test results or at regular intervals of 180 days.  (Ref (b), Sect II, Para 2-23 and Sect III, Para 3-20)  

PATCH TEST KITS VS EPC
 It is important to understand the difference between patch testing with the Electronic Particle counters and Patch Test kits.  Patch test kits measure particulate matter in excess of a size determined the filter characteristics of a membrane.  The particulate matter is retained on the surface of the membrane causing it to discolor an amount proportional to the particulate level of the fluid sample.  The typical color of contaminates remains fairly uniform in any given system.  By measuring the test filter against a known standard, gray or tan, a judgment can be made as to the contamination level of a hydraulic system.  Tan standards are used when a test filter appears tan in color due to large amounts of sand in the system or the presence of rust or iron chlorides.  (Ref (b), Sect III, Para 3-16 thru 3-18).  Normally gray standards are used. 

WARNING

Ensure test filters are not disposed of in ashtrays or receptacles where temperatures will exceed 121 C (250 F).  Flash fires may occur when test filters are exposed to flame.

Electronic Particle counters provide counts of the number of particles in various size ranges as compared with the maximum allowable under Navy standards Class 5.  Counts exceeding the maximum allowable range render the fluid unusable.  Care should be taken to avoid subjecting the sampling bottles, different from those found in patch test kits, to external contamination.  EPC bottles should only be flushed with clean hydraulic fluid.  The use of PD-680 to clean EPC sample bottles will indicate a false contamination level.

Visible water and solid contamination can be seen in the fluid sample, on the test membrane (filter) or water may appear as a stain instead of a uniform discoloration.  If any of these conditions are present, a second sample shall be drawn and tested.  Maximum contamination levels are Class 5 for aircraft and Class 3 for hydraulic SE.  Samples exceeding these limitations shall be considered contaminated and be restricted from further use until corrective actions can be taken.  (Ref (b), Sect II & Sect III)
HYDRAULIC COMPONENTS, LINES, HOSES AND PROTECTIVE DEVICES


Every effort shall be made to protect spare or removed components, lines and hoses and open aircraft hydraulic lines and hoses from external contamination.  Only use approved metal caps and plugs (protective devices) to protect hydraulic systems.  Plastic protective devices should be avoided when securing aircraft hydraulic systems.  In the Fleet metal caps and plugs are hard to come by.  Aluminum and plastic shipping protective devices are a dime a dozen.  Care should be taken to never use these devices to secure open hydraulic lines in aircraft systems that may need to be pressurized.  These protective devices should only be used to ship non-RFI components to an I-level activity for repair.  But due to the cost and unavailability of metal caps & plugs the non-metallic devices can be used to protect removed components and lines.  REMEMBER, THE NON-METALLIC TYPES ARE NOT TO BE USED ON THE AIRCRAFT!


Keep all protective closures clean, sorted by size, properly identified and stored in readily accessible bins.  There are many different ways to store protective devices but common sense and organization are the keys.  Modifying a small toolbox with foam inserts or a plastic storage bin like a tackle box usually works.  Of course these methods are treated just like any toolbox by developing an inventory and diagram layout.  A digital camera works for this portion.  Whether you choose one of these methods to protect your caps and plugs or develop your own, ensure that they are accounted for, organized, kept clean and is adaptable or survivable for your work environment.  In other words, if you deploy aboard ship the container you choose should be able to survive an on-load.  (Ref (b), Sect XII and Ref (c), Sect VI)  

TREND ANALYSIS LOGBOOK

The trend analysis logbook is one of the most important documents in any effective hydraulic contamination program.  It should be will organized, neat and legible.  The trend analysis charts should tell a complete story for a particular aircraft hydraulic system or hydraulic SE.  Trend analysis shall be maintained by QA, not the Airframes shop, and all samples sent through QA for final analysis.  (Ref (a), Vol V, Chap 6, Para 6.3.e(4) & 6.3.h(11))  In the event that a failing sample is obtained, ensure the final corrective action is processed through the AZ’s in Maintenance Admin for entry into the aircraft logbook’s or SE OPNAVINST 4790/51 card miscellaneous history section

Trend analysis data elements include:

DATE – Try and keep the date format standard.  Use either calendar (DDMMYY) or Julian (YYDDD) formats.  Mixing the two formats, while not significant, can lead to possible errors in tracking trends.

CLASS – A number, usually 0 – 6 for EPC or 1, 3, & 5 for patch tests, or a “U” for unsatisfactory, shall be entered to indicate the particulate contamination level of that sample/system.

JCN/MCN – Enter the JCN/MCN for any sample taken as required by a maintenance action.  This field may be left blank on SE charts for samples taken as part of a daily inspection.  If a sample is logged on a SE chart, such as hydraulic jenny, for other than a daily inspection then the JCN/MCN for that maintenance action shall be entered.

TAKEN BY – Self explanatory with one exception.  If the sample was taken and processed by a trainee, the trainee and the trainer’s names must be entered into this block, one on top of the other.

REASON – The most misunderstood block on the chart.  When entering information in this block refrain from making general statements such as “post-phase.”  Instead use clear and concise wording such as “post-phase “A”, R&R stbd hyd pump, etc, to accurately describe the purpose of the sample.

QAR – Again this is a self-explanatory block.  Ensure the name is legible.  Avoid using initials or rank/rate only.
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SE DAILY
AM1 INSPECTOR

The trend analysis charts can be modified for unit specialization ensuring required data elements are met and each chart contains a minimum of ten (10) lines.  (Ref (a), Vol V, Chap 6, Para 6.3.e(4))
Helpful Hints:  The Program Manager must be actively involved in this program.  Ensure that samples are being logged into the trend analysis binder correctly.  Spot check other work centers authorized to perform hydraulic sampling or having custody of hydraulic equipment, (i.e. IWT with Radar Servicing Units (F14’s) or Line/Troubleshooters with HSU’s.)  Continuously monitor sampling techniques and ensure the cleanliness of sampling areas.

Program Elements (What I look for):  Organization, accountability and cleanliness.   
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