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• Motivation & Outcomes – Support Widespread Fatigue Damage 
(WFD) Rulemaking

• Review of 1990s Airworthiness Assurance Working Group 
(AAWG) Repair Survey (tasked by the Aviation Rulemaking 
Advisory Committee (ARAC))

• Airplane Models and Number of Repairs, Alterations and 
Modifications (RAMs)

• Data Mining - Service Difficulty Reporting Database

• Field Survey Activities – Process, Schedule, and Status

• Teardown Activities - Process, Schedule, and Status

• Field Survey & Teardown Database - Process, Schedule, and 
Status

• Questions

Presentation Outline
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• Goal: provide data to better understand the risks that Repairs, Alterations and 
Modifications (RAMs) may pose for developing widespread fatigue damage 
(WFD). 

• Widespread Fatigue Damage (WFD) 

– Simultaneous cracks 

– Multiple (repeating) structural locations 

• Multiple Site Damage (MSD)

• Multiple Element Damage (MED)

– Sufficient size and density so structure can no longer carry load

• WFD Rule - Notice of Proposed Rulemaking issued April 2006

– Requirement for design approval holders to evaluate baseline airplane 
structure and certain repairs, alterations, and modifications  for WFD 

– Public comments suggest RAMs should be removed

– No recorded accidents attributed to WFD in properly installed RAMs

– Adverse service experience limited to baseline airplane structure

– Aging Airplane Safety Rule & Damage Tolerance Data for Repairs and 
Alterations Rule requires surveys and damage tolerance evaluations be 
performed on RAMs

Project Motivation
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• General agreement among industry stakeholders - low risk of WFD occurring in 
RAMs

• FAA determined WFD assessments should focus on baseline structure only 

– Establishing a limit of validity (LOV) of the engineering data

– LOV supports the structural maintenance program for airplane models

• This and other changes are described in a technical document that was 
published in the Federal Register on November 7, 2008 

• The FAA is further assessing whether additional regulatory actions are needed 
to address RAMs that may pose a risk of developing WFD 

• This Survey of RAMs is providing data to support FAA WFD rule making

Project Motivation
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1. Determine the (average) number of RAMs per 
airplane

2. Determine the size(s) of repairs.

3. Determine the average age of each RAM (relative to 
design service goal).

4. Determine the location of each RAM (relative to 
fatigue sensitivity).

5. Determine the source of RAM data (Structural 
Repair Manual, Designated Engineering 
Representative or Manufacturer Engineering).

6. Determine the reason for each RAM (i.e. the causal 
factor).

7. Determine if any subsequent damage occurred 
(especially fatigue cracking).

Expected Outcomes of the Current RAMs Survey
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Project Tasking

Task 1. Work Plan and Review Prior 
AAWG Survey

Task 2. Survey Aviation Safety Data

Task 3. Field Survey of Repairs, Alterations & 
Modifications

Task 4. Teardown Inspections of Retired 
Repairs, Alterations & Modifications

Task 5. 
Documentation 
and Database 
Development
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• The AAWG conducted a focused survey of repairs placed on airplanes

– 1992 Fuselage Repair Survey of Stored Airplanes

– 1994 Repair Survey of In-service Airplanes

– Final Report published on 12/12/1996

– Surveys performed by OEM, Operator & FAA personnel

• Quick external only survey that placed each repair into Category A, B or C

– Category A: A permanent repair for which the baseline zonal inspections are 
adequate to ensure continued airworthiness (inspectability) equivalent to 
unrepaired surrounding original structure.

– Category B: A permanent repair that requires supplemental inspections to ensure 
continued airworthiness.

– Category C: A temporary repair that will need to be reworked or replaced prior to 
an established time limit.  Supplemental inspections may be necessary to ensure 
continued airworthiness prior to this limit.

Review of Past AAWG Repair Survey

TASK 1
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AAWG Fuselage Repair Survey Statistics

TASK 1

0 / 3 / 3
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AAWG Repair Survey
Summary & Conclusions

• Survey was based on AAWG Repair Criteria with OEM size & 
proximity limits

• Teams inspected 65 airplanes

• Teams inspected 1051 repairs (40% Category A & 60% Category B/C)

• Repairs general of good quality and done per the SRM

• Category B/C repairs mostly due to size/proximity criteria

• Confirmed need for Repair Assessment Evaluations (current RAP 
programs)

• No immediate repair safety concerns observed

• Operators needed repair assessment procedures from OEMs

• Older airplanes generally have more repairs

• Repair assessment training needed for operators & FAA PMIs

• Majority of repairs on the fuselage pressure shell

TASK 1
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Objectives of AAWG Repair Survey Objectives of Current RAMs Survey 

• Determine if there is a risk of 
WFD occurrence associated 
with RAMs

• Determine the average number of RAMs 
per airplane

• Determine the size(s) of repairs.

• Determine the average age of each RAM 
relative to design service goal.

• Determine the location of each RAM 
(relative to fatigue sensitivity).

• Determine the source of RAM data (SRM, 
DER, ECO?).

• Determine the reason for each RAM (i.e. 
the causal factor).

• Determine if any subsequent damage 
occurred (especially fatigue cracking).

TASK 1
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Large Amounts 
of Missing Data.

Most useful information was found 
in the Comments Fields.  Querying 
these fields for key phrases and 
indicators provided little additional 
data for trend analysis.

TASK 2

Survey of Service Difficulty Reporting 
Database
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• Includes repairs, alterations and modifications on entire airplane

• Aircraft of interest were initially pre-amendment 25-96 design type

– Recent changes have added all transport airplanes operated in US 
domestic fleet (~4600 airplanes) to the sample pool

• Airplane models of interest are similar to those in the 1996 AAWG repair 
survey, but somewhat expanded

– Boeing 727, 737, 747, 757 & 767

– McDonald Douglas DC-9 & MD 80/90 & DC-10/MD11

– Airbus A300, A310, A318-319-320 series

• Number of RAMs should equal or exceed that from the 1996 AAWG Final 
Report on Continued Airworthiness of Structural Repairs

– Greater than 65 airplanes and 1051 Repairs

– Recent changes have increased number of airplanes & RAMs

• 134 Airplanes

• Approximately 2065 RAMs
• Focus on In-Service airplanes instead of retired airplanes

– Records availability and access to RAM interior for visual inspection

Scope of Current RAMs Survey

TASK 3
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Completed Field Inspections of RAMs at
Operator Maintenance Locations

Location Date Airplanes

MX Base 1 12/2/08 DC-10, MD 10

MX Base 2 1/9/09 737/757/MD80

MX Base 3 1/14/09 757

MX Base 4 1/20/09 727

MX Base 5 2/10/09 737

MX Base 2 2/23/09 737/757/MD80

MX Base 6 3/16/09 757/767/A300/A310

MX Bases 8 & 9 4/20/09 DC-9, A320, 757, 767

MX Base 2 4/27/09 737

Gaining operator approval and coordinating these surveys requires a huge 
time commitment.  Several levels of communication are typically required.

TASK 3
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Planned Field Inspections of RAMs at
Operator Maintenance Locations

Location Date Airplanes

MX Base 3 5/4/09 757

MX Base 5 5/11/09 737

MX Base 10 5/18/09 A320 series

MX Base 2 5/25/09 737NG

To Be Determined June-Dec 09

Plans are subject to change on short notice due to 
airplane scheduling needs of operators.

TASK 3
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In-Service Airplanes RAMs Survey
Target Airplanes

TASK 3

Sample Plan    Sandia / Goal   as of end of March 2009

Aircraft Type OP1 OP2 OP3 OP4 OP5 OP6 OP7 OP8 OP9 OP10 OP11 OP12 OP13 Total Aircraft

A300&310 1 3 2 6

A320Series 1 3 4 4 5 17

A330 1 1 2

B727 4 4

B737-Classic 1 1 10 1 2 15

B737-NG 1 2 2 4 2 6 1 18

B747 3 1 1 5

B757 3 1 3 1 2 2 1 13

B767 2 1 3 1 1 1 9

B777 1 1 1 1 4

DC-8F 3 3

DC10 5 1 6

MD-80&90 2 11 3 2 18

134An additional 14 “airplanes of opportunity” not shown
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Teardown Inspections of Repairs
from Salvage Yards - Specimens

• Examples of  general structures of interest :

– Passenger to freighter cargo door conversion surround frame.

– Wing spar repair/modifications.

– Fuselage lap joint replacement modifications.

– Large area repairs on fuselage, wing and empennage structures.

– Small repair clusters on fuselage, wing and empennage structures.

TASK 4
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1. RAMs cut from aircraft
2. RAM location on aircraft documented
3. RAM reason, engineering basis, flight hours and cycles determined
4. Nondestructive Inspective (NDI) deployed from outside of the airplane as 

appropriate
5. Partial Teardown and Eddy Current Bolt Hole Inspection
6. Complete Teardown to separate repair and skin layers, and remove sealant
7. In-depth NDI deployed to characterize the repair as appropriate
8. Direct visual inspections with stereo microscope

Repair NDI  Teardown NDI Findings

0.60”
0.101”

Teardown Inspections of Repairs
from Salvage Yards - Protocol

TASK 4



FAA William J. Hughes 
Technical Center

• Fastener removal of first 
large window belt lap 
splice alteration completed

• Bolt Hole Eddy Current NDI 
of fastener holes about half 
done.  Other Eddy Current 
to follow

• Detailed Visual inspection 
of surrounding structure 
done

• Removal of layers and final 
NDI remains to be done

• Modified structure has 
25452 cycles since 
installation and 76633 total 
cycles at retirement

Teardown Inspections of Repairs
from Salvage Yards - Status

B737-200 fuselage sections – Lap Joint Modification

TASK 4
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RAMs Field Survey and Teardown 
Database Deliverable

• Microsoft Excel with links to photo documentation & maintenance 
records

• Using digital technology to increase the speed and accuracy of 
field data acquisition

– Tablet computer

– Real-time image import and annotation of digital images

– Direct download of annotated images

– Easy importation of operator supplied repair assessment 
technical data (when available)

– Automatic generation of status reports and running totals

– Capturing information in up to 72 categories for each RAM

TASK 5
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Automation of Data Entry, Manipulation, and Analysis

TASK 5
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Example Airplane RAM Location Map

Repair Locations on AANC DC-9

TASK 5
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RAMs Survey Statistics as of 27 April 2009

Aircraft 
Model

Number of 
Aircraft

Number 
Retired 

Number            
In-Service

Number of 
RAMS

Number of 
RAMS In-
Service

Number of 
Rams 

Retired

Number of 
Teardown 

Specimines

727 11 7 4 114 75 39 0

737 13 5 8 380 238 142 8

747 2 2 0 88 0 88 0

757 7 0 7 68 68 0 0

767 4 1 3 18 13 5 0

DC-9 3 1 2 105 61 44 0

MD-88 1 0 1 7 7 0 0

MD-10 2 0 2 58 58 0 0

A300 B4 1 0 1 15 15 0 0

A310 1 0 1 4 4 0 0

A320 3 0 3 8 8 0 0

Total 48 16 32 865 547 318 8

Goal 134 2165 Rams with Documentation

% Goal 35.82% 39.95% 183
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• AANC will complete field surveys on schedule by 
December 09
– 134 Airplanes

– Thousands of individual RAMs anticipated

• Teardown activities have been deferred until 2010
– Number of specimens to be defined

– Types of specimens are well defined

Schedule
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• Conducting survey and teardown of Repairs, 
Alterations and Modifications on Transport 
Airplanes in US Domestic Fleet

• Gathering data on incidence of fatigue cracking 
associated with RAMs

• Data to determine if additional rulemaking is 
necessary  to address RAMs for WFD in transport 
airplanes

• QUESTIONS???

Summary


