FOD Prevention and Environmental Contamination Control Additional Information

This document is intended to provide an understanding of common terms and industry practices. The supplier is only responsible for compliance with specific contract requirements. 

A.  Definitions and additional information:

1. Foreign Object Debris (FOD): A substance, debris or article alien to a vehicle or system which would potentially cause damage. Foreign Object Debris causes Foreign Object Damage (also referred to as FOD). FOD prevention systems work by sensing and detecting not the damage but the actual debris. The term “FOD” should be used to refer to the debris itself and the term “FOD Damage” should be used to refer to the resulting damage from FOD. 
2. Foreign Object Damage (FOD): Any damage attributed to a foreign object that can be expressed in physical or economic terms which may or may not degrade the product’s required safety and/or performance characteristics. 
3. Potential FOD: The condition where foreign object debris may cause damage, and/or failure should the product be put into use. Examples are:
· Metal or wire clippings, solder balls and debris lying in the vicinity of electrical terminals, circuitry, connectors, components, etc.
· Tools, hardware, or debris left in the vicinity, or in a migratory path or a vehicle’s control system or engine inlets
· Debris lying on runways, ramps and taxiways
· Prop wash exhaust blasts
· Inclement weather
· Ice and salt
· Birds and other animals
· Electro-Static Discharge (ESD)
· Construction debris
4. FOD Critical Area: Any area where flight hardware is in place and exposure to foreign objects would potentially cause a system or product failure due to deterioration, malfunction or damage.
5. Critical FO: Foreign objects in areas from which migration is possible, e.g., through tooling holes, bend relief cutouts, drain holes, intakes, etc., which are probable to cause system or component malfunction or deterioration should the product be put into use.
6. Foreign Object Elimination (FOE): A program or process used to assure a FOD- free product/system.
7. Tote Tray: A device for storing/carrying/transporting tools or equipment in a secure manner to prevent inadvertent dropping: i.e., a tool holder, an apron with pocket rings to which tools can be secured. Tote trays with lids will have lids secured to the tote tray body.
8. Clean As You Go:
· Clean the immediate area when work cannot continue.
· Clean the immediate area when work debris has the potential to migrate to an out of sight or inaccessible area and cause damage and/or give the appearance of poor workmanship.
· Clean the immediate area after work is completed and prior to inspection.
· Clean at the end of each shift.
· If you drop something or hear something drop - pick it up!
9. Consumables: Supplies provided to workers that are expendable. Examples are:
· Issued apparel Safety glasses
· Glue, paint, sealant Rags
· Sandpaper, brushes, applicators
· Stock items such as rivets, washers, fasteners and other hardware.
10. Shadowbox: A tool box with specific, marked locations for each tool so that a missing tool will be readily noticeable.
11. Tether: A lanyard of sufficient strength (wire, rope, cable, etc.) attached to the tool/equipment and to the user or fixed secure object. The tether should be minimum length to preclude damage from tethered tool “free swing.”

B.  QA Personnel Guidance:

1. FOD prevention and contamination control requirements typically apply to aviation, aerospace, space   launch, satellites, and micro electronics or any commodity where foreign objects can cause catastrophic failure, degrade end item performance or where the contract technical requirements specify clean room or other environmental controls.

2. Successful administration of contracts requires a thorough knowledge of the contract and customer                  requirements.	

3. Upon receipt of a contract, the QAR should perform and document an initial review in to identify the applicable FOD prevention and environmental contamination control requirements.  Contractual FOD prevention and environmental contamination control requirements may also be specified in drawings or component/system specifications. Examples of contract clauses or references that may be seen in contracts include:

· AS9100 Rev C (Paragraphs 6.4 and  7.5.1(i)) 
· DCMA Instruction 8210.1, Contractor’s Flight and Ground Operations
· DFARS 252.228-7001, Ground and Flight Risk Clause 
· NAS412, Foreign Object Damage/Foreign Object Debris (FOD) Prevention 
· ISO 14644-1, Clean Rooms and Associated Controlled Environments 
· IEST-STD-CC1246, Product Cleanliness Levels and Contamination Control Program 
· NAFPI, National Aerospace FOD Prevention Inc.
· LPR 5310.1, Foreign Object Damage (FOD) Prevention Program

4. ISO and AS9100 Quality System Standards require suppliers to control their production processes (Paragraph 7.5.1, Control of Production and Service Provision) in order to produce conforming product. Control of the manufacturing environment can be as simple as 5S - Sort, Straighten, Shine, Standardize and Sustain, progressing to a more stringent Foreign Object Elimination (FOE)/Foreign Object Debris (FOD) control required for aerospace commodities, and to even greater control requirements, such as, microscopic particles in clean rooms. Many processes require special environmental controls in order to produce conforming product (bonding, painting, and plating are a few examples). Manufacturing areas are more likely to produce conforming product if there is a clean and orderly work environment. Contamination and debris in the work area can lead to product nonconformity. Some contracts have a requirement for tool control and accountability to prevent foreign object damage. The manufacture of circuit boards and (micro/hybrid) electronics typically has contractual clean room requirements.
 
5. QA Personnel will follow the supplier’s FOD prevention program requirements.  QA personnel working at any NASA Center will comply with the NASA-established FOD control procedures for that Center. 

6. QA Personnel should identify and evaluate risk related to contamination and foreign debris. As may be applicable to contract requirements, potential risk causes and risk ratings associated with FOD prevention and environmental contamination control processes should be incorporated into the facility, program, or contract Risk Profile and Plan. 

7. QA Personnel should identify and document the appropriate surveillance methods, including frequencies, intensities, and schedules. Depending on the risk impact rating, all surveillance methods (including Systems Audit, Process Review, and Product Examination) may used to evaluate contamination control and foreign object debris processes. The risk likelihood rating should drive the frequency and intensity of GCQA surveillance actions.
 
8. QA Personnel should execute surveillance methods as planned and documented in the GCQA surveillance plan.  Any nonconformity associated with the supplier’s FOD/FOE Program and/or FOD discovered during DCMA surveillance should result in the appropriate level Corrective Action Request. 

9. Data Analysis should be performed and process risk updated.

C.  FOD Prevention Program: 

1. A FOD/Foreign Object Elimination (FOE) Program should be tailored to a specific supplier work-site and work effort. A successful FOD/FOE Program requires total employee involvement and participation. DCMA’s role is to assure the supplier establishes and maintains an effective FOD prevention program in accordance with contractual requirements that is planned and implemented using a continuous improvement approach. 
2. While FOD prevention programs are generally associated with the aerospace and missile commodities, foreign objects can cause damage to any commodity. 
3. Foreign Object Damage also includes systems degradation. This occurs when a tool or other debris causes a system to malfunction without causing direct damage, as when a tool gets tangled in control cables and jams part of the flight control system. 
4. Measuring Performance The target in any FOD Prevention Program should always be “zero” to enable visibility into problem areas and trends, provide management and workers with inspection results, incident/mishap reports, and feedback of progress.  Methods of providing this information are:
· Visibility Charts – statistical graphics derived from audit or incident data.  Usually provided on an isochronic schedule, i.e., weekly or monthly.
· Trend Analysis – Where have we been?  Where are we going?
· Report Card – a checklist of areas routinely inspected that show specific problem areas.
· Performance Review – a review of worker conformance to standards or expectations.
· Customer comments, concerns, or complaints.

Note:  Workers need specific information about what is wrong before they can be expected to improve processes.  Let them know when they’re doing well or when they’re not.  Feedback is vital to the process improvement.

D.  Training 

1. The primary objective of a FOD prevention training program is to increase employee awareness to the causes and effects of FOD, promote active involvement through specific techniques, and stress good work habits through disciplines.
2. A FOD prevention training program for employees associated with design, development, manufacturing, assembly, test, operations, repair, modification, refurbishment, and maintenance is required as part of initial job orientation and on a continuing basis.
3. Training subjects include:
· Proper storage, shipping and handling of material, components, and equipment.
· Techniques to control debris.
· Housekeeping.
· Cleaning and inspection of components and assemblies.
· Accountability/control of tools and hardware.
· Control of personal items, equipment and consumables.
· Care and protection of end items.
· Quality Workmanship (“Clean-As-You-Go,” inspection).
· Flight line, taxiway and ramp control methods.
· How to report FOD incidents or potential incidents.

E. Material Handling Parts Protection 

1. A well-established plan for material handling and parts protection can eliminate many potential FOD hazards.  First, identify the specifics such as sensitive parts, assemblies, surfaces, areas, etc.  Then, sequence events for packaging, handling, shipping and storage, and finally, evaluate cleanliness and care requirements.
2. Control Techniques
· All employees should be trained to assure compliance with packaging, handling, shipping and storage requirements.
· Materials and accessories used in packaging, handling, shipping and storage which have intimate contact with the part or assembly should be clean and free of contamination.
· Parts and assemblies shall be packaged in a manner that will preclude any chance of even one item making contact with another during normal handling operations.
· Protective and packaging materials shall be chosen based on their ability to adequately resist penetration by tearing, parting or piercing from forces either external or internal or internal during normal handling operations.
· Specific instructions for packaging/unpacking/handling.
· Protective devices (edge protectors, caps, plugs, covers, filters, rub strips) shall be clean and MUST BE secured to prevent accidental damage.  Once installed, unauthorized removal of protective devices is prohibited.  Removal should be authorized only through assembly or maintenance planning paperwork.
3. Consideration should be given to the visibility/detection of material used for protection so that the material in itself doesn’t become FOD.  Consideration should include:
· Color of packaging or protective devices so they don’t appear to be a part of what they are protecting.
· Streamers for removal for critical items.
4. Material Characteristics
· Materials should be compatible with the environmental and physical stresses expected to be encountered during product service. 
· Static sensitive devices shall be properly protected to avoid damage.  Materials that are used to protect electro-explosive devices and sensitive electronic components should be kept clean, covered, and stored away from ordinary non-static safe materials. 
5. Condition
· Visually inspect all packaging, handling, shipping and storage containers for the following: 
· Nicks, dents, holes, abrasions, scratches, burns, etc., which may be detrimental to the function and integrity of the part or assembly. 
· Grease, preservatives, corrosion products, weld, slag, shop and other dirt, and other materials foreign to the item. 

F.  Housekeeping

1. Maintenance, manufacturing and operational areas must remain clean.  Employees should be informed that housekeeping is a part of their job and they will be graded on their performance.  Incorporate “Clean-As-You-Go” as required work and to prevent debris from migrating into flight hardware:
· Ensure that all production, maintenance and test areas meet “good housekeeping” standards that enhance foreign object elimination.  This includes sweeping and vacuuming production areas as well as a regular schedule for sweeping ramp areas.
· Assure that taxiways, runways, and flight decks are free of foreign objects that may cause damage.
· Ensure that grounds and surfaces on which aerospace vehicles and ground support equipment are operated and maintained are free of objects that could cause damage due to ingestion of foreign object or propeller exhaust, jet exhaust, and tilt rotor downwash blast effects.
· Establish and maintain safe taxi distances between aircraft to minimize the danger of debris being moved by the propeller exhaust, jet exhaust, and tilt rotor downwash blast.
· Ensure prior occupation of newly constructed aircraft facilities that all construction debris (including overhead welding slag) is removed as foreign object elimination measure.
· In the refurbishment or maintenance of existing airfield facilities or construction of new facilities, assure that all construction debris is removed at the end of each task or at the end of each shift.  This requirement should be entered into contractual agreements.


G.  Tool Accountability 

1. The primary objective of a positive tool control program is to eliminate accidents/incidents and loss of life or equipment due to tool FOD.
2. There are numerous methods to facilitate accountability:  use of shadow boards, shadowboxing, bar coding, special canvas layouts with tool pockets, tool counters, chit system, tool tags, or consolidated tool kits.  Unique control methods should be implemented for special tools used in checkout, test and operational environments.
3. Tools/equipment should be tethered* or suitably restrained to the user in areas around structural work stands or any other locations where a dropped article could result in damage to the flight hardware, injury to personnel, or where difficulty in retrieval would result if the tool were dropped.  *NOTE: A tether device, if not regularly examined, may itself become the cause of the FOD.  Fraying of the tether material and the hardware (rings, snaps, etc.) can all become FOD.
4. All loose tools should be carried and stored in a tote tray, soft tool bag or other suitable spill proof container and not be placed in a manner that would cause damage to flight hardware or injury to personnel.

H.  Hardware Accountability
1. The primary objective of the hardware accountability is to assure control.  There are many effective methods that can be established for control of hardware (nuts, bolts, screws, cotter pins, rivets, etc.):
· Kit hardware by task.
· FO containers should be placed in key locations within the work area and at entry and exit points.
· “Clean-As-You-Go.” Procedures in place.
· Removal/installation paperwork to track loose parts.
· Furnish and specify tote trays.
· Use of covered spring-loaded containers.

I.  Lost Items
1. Any time an item is lost during an assembly, manufacturing, or maintenance task, cease activity in the affected area and initiate a search for the item.  
· Continue this search until the item is found or adequate assurances are made that the item is not contained in the aerospace vehicle or assembly.  
· Searching for such items may require depaneling or nondestructive inspections, including borescope and/or x-ray.  
· If an item cannot be located after a search has been completed, annotate applicable forms with a description of the item and search procedure followed.

J.  Hazardous Material 
1. Management of hazardous waste materials is important in the prevention of FOD.  Disposition of hazardous waste materials is dependent upon the commodity discarded.
· Consult federal, state and local Hazardous Material Procedures for disposal specifics.

K.  Physical Entry into FOD Critical Areas

1. When physical entry is required into flight hardware, such as crew compartment, engine intake, exhaust, fuel tank areas, etc., personnel should remove all loose objects, badges, jewelry, etc., from clothing.  Pocketless or closed zippered pocket coveralls should be worn to preclude foreign objects dropping from pockets onto a FOD critical area.

L.  Focal Point

1. The designated Foreign Object damage Prevention Focal Point(s) should develop and implement plans and programs to prevent hardware damage during associated design, manufacturing, assembly, test, acceptance, packaging, handling, storage, transporting, maintenance, flight line and launch operations.  The focal point(s) should be appointed by the chief operating official and have sufficient authority and organizational freedom to identify and implement FOD preventive measures whenever and wherever required. These measures should include:
· Review and asses the FOD prevention program and make necessary revisions.
· Conduct scheduled audits of work areas to assess effectiveness of the FOD prevention program.
· Assure implementation of corrective actions for FOD prevention throughout the organization.
· Require investigations and studies by other organizations necessary to define preventive measures which should result in elimination of potential FOD hazards.
· Assure that FOD incidents are thoroughly investigated and that incident reports are completed as applicable.
· Assure that causes of FOD incidents are thoroughly analyzed to define essential corrective measures.
· Notify affected organizations and personnel of unique FOD prevention requirements.
· Develop techniques and assign responsibilities for publication of special FOD prevention instructions.
· Review results of the FOD incident investigations and evaluate adequacy of corrective actions.
· Evaluate the amount and kind of foreign objects found and how they were found.
· Review and approve FOD prevention training curricula, designate training personnel, and assure that personnel receive required training.
· Assure that written procedures provide for adequate records attesting to the current status and adequacy of the FOD prevention program.

M.   Clean Room and Contamination Control Plans 

1. The cleanroom imposes the strictest environmental control requirements. A cleanroom is a controlled environment in which the air quality, temperature and humidity are highly regulated in order to protect sensitive equipment from contamination. Clean rooms are important features in the production of silicon chips, hard disk drives, and other technologies such as satellites. A cleanroom is an environment, typically used in manufacturing or scientific research, which has a low level of environmental pollutants such as dust, airborne microbes, aerosol particles and chemical vapors. More accurately, a cleanroom has a controlled level of contamination that is specified by the number of particles per cubic meter at a specified particle size.  
2. Cleanroom Standards
ISO14644-1 Cleanrooms and Associated Controlled Environments: Part 1- Classification of Air Cleanliness, is a cleanroom standard commonly invoked on a contract. It has a metric system of measurement and Cleanroom class designations based on concentration of airborne particles. This standard replaced Fed Standard 209E. 
3.    Comparison of ISO 14644-1 and Federal Standard 209E Classes
ISO (metric)                         209E                 
                5----------------------------------100
                7---------------------------------10,000
                8---------------------------------100,000
4. Cleanroom Classes                                                                                                                Cleanrooms are classed by the amount of allowable airborne particulate level per cubic meter. The lower the number of particulates, the tighter the requirements. 
Class 8 (100,000)
Class 8 Cleanrooms require minimal protection.  Smocks are used.  The smock is only protective if it is zipped shut over clothing
Class 7 (10,000) Before entering the cleanroom, change into protective smocks.  Vacuum shoes, if available, and/or wear shoe covers.
Make sure hair is completely covered by head cap.
Class 5 (100)
Tighter restrictions for cleanrooms may include: 
• Protective suits
• Hoods 
• Shoe covers or boots
• Head caps to cover hair
• Face masks 
• Gloves  
• Cover required for facial hair and skin conditions
• Specific gowning procedure to be followed on entry and exit from cleanroom. 
5. Types of Cleanrooms
There are 3 general types of controlled airflow cleanrooms.  
· Unidirectional airflow - airflow is in parallel streams in a single direction, either horizontally or vertically.
· Non-unidirectional airflow - due to the distribution of filters and returns, or equipment, airflow is often turbulent. 
· Mixed airflow - airflow is both unidirectional and non-directional in the same room. 
6. Prohibited Items for All Cleanrooms
· NO eating, including candy and chewing gum, drinking or smoking. 
· NO cosmetic application, or containers.  
· NO graphite pencils or regular paper. 
7. Types of Particulates 
           Contaminants are particulates, liquids, gaseous, film or biological.  These are defined as:
· Particulates:  particles floating in the air.
· Non-Particulates:  solvent, film residue, grease, fingerprints.
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9. Anything can be a cause of contamination. Human beings especially are the principal generators and transporters of contamination. Skin, hair and other substances are released from the body and clothing at a rate of 25,000 particles a minute.  
10. Contamination is measured in microns. A micron is the basic unit of measurement in a cleanroom. A micron is one millionth of a meter or 39 millionths of an inch.

N.  Cleanroom Clothing
 
1. People who work in clean rooms must wear special protective clothing that do not give off lint particles and prevent human skin and hair particles from entering the room's atmosphere. Cleanroom clothing is intended to stop substances released off the body from contaminating the clean environment.
2. Watch for leakage at the wrists and the neck.  
3. Cover face with a mask to control the fine aerosols released by breathing

O.  Cleanroom Environment
 
1. Cleanrooms can be very large. Entire manufacturing facilities can be contained within a cleanroom with factory floors covering thousands of square meters. They are used extensively in semiconductor manufacturing, biotechnology, the life sciences and other fields that are very sensitive to environmental contamination.
2. The air entering a cleanroom from outside is filtered to exclude dust, and the air inside is constantly recirculated through high efficiency particulate air (HEPA) and/or ultra low particulate air (ULPA) filters to remove internally generated contaminants.
3. Staff enter and leave through airlocks (sometimes including an air shower stage), and wear protective clothing such as hats, face masks, gloves, boots and cover-alls.
4. Equipment inside the cleanroom is designed to generate minimal air contamination. There are even specialized mops and buckets. Cleanroom furniture is also designed to produce a minimum of particles and to be easy to clean.
5. Cleanrooms are not sterile (i.e., free of uncontrolled microbes) and more attention is given to airborne particles. Particle levels are usually tested using a particle counter.
6. Some cleanrooms are kept at a positive pressure so that if there are any leaks, air leaks out of the chamber instead of unfiltered air coming in.
7. Some cleanroom HVAC systems control the humidity to relatively low levels, such that extra precautions are necessary to prevent electrostatic discharge (ESD) problems. These ESD controls are also used in rooms where ESD sensitive products are produced or handled.
8. Low-level cleanrooms may only require special shoes, ones with completely smooth soles that do not track in dust or dirt. However, shoe bottoms must not create slipping hazards (safety always takes precedence). Entering a cleanroom usually requires wearing a cleanroom suit.
9. Some manufacturing facilities do not use fully classified cleanrooms, but use some cleanroom practices together to maintain their cleanliness requirements. 

P.  Cleaning

1. Wash hands after eating, smoking or if soiled before entering the Cleanroom.
2. Clean hand tools and work stations daily.  Wipe working areas with lint-free cloth or paper dampened with a suitable liquid cleanser, preferably presaturated wipes.
3. Fold wipe in quarters, wipe in one direction only, either back to front or side to side.  Lift wipe carefully, repeat, overlapping the first stroke.  Don’t scrub.  Repeat until entire area is clean.


This document is intended to provide an understanding of common terms and industry practices. The supplier is only responsible for compliance with specific contract requirements. 


