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  NATIONAL TRANSPORTATION SAFETY BOARD 

Office of Aviation Safety 
Washington, D.C.  20594 

 
March 29, 2018 

 
Maintenance Records – Factual 

 
NTSB No: DCA18MA142 

 

A. ACCIDENT 

 
Operator: Southwest Airlines 
Location: Philadelphia, Pennsylvania 
Date: April 17, 2018 
Time: 11:03 Eastern Daylight Time1 
Airplane: Boeing 737-7H4, Registration Number: N772SW, Serial No: 27880  
      

B. MAINTENANCE RECORDS GROUP 

Group Chairman: Gregory Borsari  
   National Transportation Safety Board  
   Washington, DC    
 
Member:  Angie Miller 
   Southwest Airlines 
   Dallas, Texas 
 
Member:  Gary Watson 
   Federal Aviation Administration 
   Dallas, Texas 
 
Member:  Scott McNabb 
   Aircraft Mechanics Fraternal Association 
   Dallas, Texas 
 
  

                                                 
1 All times are Eastern Daylight Time (EDT) based on a 24-hour clock, unless otherwise noted. Actual time of accident 
is approximate. 
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C. SUMMARY 

On April 17, 2018, at 1103 eastern daylight time, Southwest Airlines flight 1380, a 
Boeing 737-700, N772SW, experienced a left engine failure and loss of engine inlet and cowling 
during climb at about flight level 320. Fragments from the engine inlet and cowling struck the 
wing, fuselage, and one cabin window, resulting in a depressurization. The flight crew conducted 
an emergency descent and diverted into Philadelphia International Airport (KPHL), Philadelphia, 
PA. Of the 144 passengers and five crewmembers onboard, one passenger received fatal injuries 
and eight passengers received minor injuries. The airplane sustained substantial damage. The 
regularly scheduled domestic passenger flight was operating under 14 Code of Federal 
Regulations Part 121 from LaGuardia Airport (KLGA), Queens, New York, to Dallas Love Field 
(KDAL), Dallas, Texas.  

On April 19, 2018 the maintenance record group convened at Southwest Airlines 
Technical Operations Center in Dallas Texas to conduct the initial maintenance record review on 
N772SW.  
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CASE COORDINATING AGENCY FOR SUPPLIER EVALUATION 
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CFR CODE OF FEDERAL REGULATIONS 
CSN CYCLES SINCE NEW 
CV CABIN VISIT 
EDT EASTERN DAYLIGHT TIME 
EWIS ELECTRICAL WIRING INTERCONNECTION SYSTEM 
FAA FEDERAL AVIATION ADMINISTRATION  
FC FLIGHT CYCLES 
FH FLIGHT HOURS 
FSDO FLIGHT STANDARDS DISTRICT OFFICE 
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HC HALF CHECK 
HFEC HIGH FREQUENCY EDDY CURRENT 
IDG INTEGRATED DRIVE GENERATOR 
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MV MAINTENANCE VISIT 
MX MAINTENANCE 
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SDR SERVICE DIFFICULTY REPORT 
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LIST OF ACRONYMS – Continued 

STC SUPPLEMENTAL TYPE CERTIFICATE 
SWA SOUTHWEST AIRLINES 
TLI TIME LIMIT INDEX 
TSN TIME SINCE NEW 

 

D. DETAILS OF THE INVESTIGATION 

1.0 Air Carrier Certificates 

On January 23, 1979, Amended February 17, 2016 Federal Aviation Administration (FAA) 
Flight Standards District Office (FSDO), Southwest Region issued Southwest Airlines Co., 2702 
Love Field Dr., Dallas, Texas 75235, Certificate Number SWAA304A.  
 
2.0 Operations Specifications (OpSpecs)2 

Southwest Airlines has a Part 121 Certificate, which includes the standards, terms, 
conditions, and limitations contained in the FAA approved Operations Specifications (Parts D 
and E). 
 

(a) Air carrier was authorized as a 14CFR Part 121 operation. 
  
(b) Per section D072 of the OpSpecs, the Continuous Airworthiness Maintenance 

Program (CAMP), authorized Southwest Airlines to use the Southwest Airlines 
Maintenance Procedures Manual (MPM), B737NG MSG-3 Maintenance 
Specification (S7100) and B737NG Time Limit Index to maintain the B737 fleet. 

 
(c) Per section D074 of the OpSpecs, Southwest Airlines was authorized to use a 

maintenance reliability program for its fleet of aircraft per the Southwest Airlines 
Maintenance Procedures Manual Chapter 15, dated 5/25/2017. 

 
(d) Per section D085 of the OpSpecs, Southwest Airlines have 26 737-300, 510 

737-700, 192 737-800 and 14 737-8MAX aircraft in its fleet. Fleet total of 741 
aircraft. 

 
(e) Per section D090 of the OpSpecs, Southwest Airlines was authorized to utilize 

CASE3 as a means of qualifying a vendor for services, parts, and materials to satisfy 
the requirements of 14 CFR Section 121.373. 

                                                 
2 Operations Specifications contains the authorizations, limitations, and certain procedures under which each kind of 
operation, if applicable, is to be conducted by the certificate holder. 
3 The Air Carriers section of the Nonprofit Coordinating Agency for Supplier Evaluations (C.A.S.E.) was organized 
as a means of sharing non-prejudicial supplier quality approval data among the membership airlines. This increases 
surveillance coverage of suppliers and thereby upgrades their quality programs. It also has an economic impact on 
each C.A.S.E. member by decreasing the cost of supplier surveillance and making their surveillance programs more 
effective. 



   
   NTSB NO: DCA18MA142 
 

Maintenance Factual 5 of 82 
 

 
(f) Per section D091 of the OpSpecs, Southwest Airlines was authorized to make 

arrangements with other organizations to perform substantial maintenance on its 
fleet of aircraft. 

 
(g) According to Section D095 of the OpSpecs, Southwest Airlines was authorized to 

use an approved Minimum Equipment List (MEL). 
 
(h) According to Section D097 of the OpSpecs, the FAA has approved sections of 

Southwest Airlines maintenance program for the compliance of Repairs Assessment 
for Pressurized Fuselages (121.1107), Supplemental Inspections (121.1109), Fuel 
Tank Systems Maintenance Program (121.1113), Flammability Reduction Means 
(121.1117) and Electrical Wiring Interconnection Systems (EWIS) Maintenance 
Program (121.1111). 

 
(i) Per section D485 of the OpSpecs, Southwest Airlines had an Aging Aircraft 

Inspection and Records Review. N772SW is below the threshold for the record 
reporting.  

 
(j) Per section E096 of the OpSpecs, Southwest Airlines was authorized for a Weight 

and Balance Program. 
 

3.0 Type Certificate Data Sheet 

The Type Certificate Data Sheet A16WE prescribes conditions and limitations under which 
the product for which the Type Certificate (TC) was issued meets the airworthiness requirements 
of the Federal Aviation Regulations. According to the document, The Boeing Company is the 
holder of the TC. 

 
4.0 Aircraft Information 

The Boeing Airplane Company manufactured the airplane on July 6, 2000. It was then 
delivered to Southwest Airlines on July 7, 2000. Southwest Airlines was the original owner of 
the airplane. The airplane had accumulated 63,521 total hours with 37,021 total cycles at the time 
of the accident.  
 

The airplane was equipped with two CFM56 engines and a Honeywell Auxiliary Power 
Unit (APU). The engines and APU had accumulated the following operating times at the time of 
the accident, see table 1 (next page). 
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Table 1 - Engine and APU Information 
 

  No.1 Engine No.2 Engine APU 
Manufacturer  CFMI CFMI Honeywell 
Model Number  CFM56-7B24 CFM56-7B24 131-9B  

(Series 28) 
Manufacture Date  12/31/1997 6/22/2005 3/29/2006 

Date Installed  11/29/2012 9/24/2009 7/27/2016 
Serial Number  875134 889632 P-7118 

Location of 
Engine/APU 
Installation 

 Houston Dallas Orlando 

Total Time 
(Engine /APU 

hours) 

 67,040.0 56,448.0 63,509.5 

Total Cycles 
(Engine/APU cycles) 

 40,569 33,020 6,498 

Date of Last 
Overhaul 

 11/14/2012 9/4/2009 3/30/2016 

Time Since 
Overhaul (hours) 

 18,088.0 28,954.0 2,333.0 

Cycles Since 
Overhaul 

 10,712 17,201 6,498 

 
5.0 Maintenance and Inspection Programs 

The SWA B737-NG Maintenance Program is task based and encompasses the 
maintenance requirements deemed necessary by the Reliability Control Board (RCB) for 
tracking and controlling routine maintenance tasks. Continual updates and publication of the 
Maintenance Specification Reports are required to ensure a correct reflection of the Maintenance 
Program.   
  

The Maintenance Program outlines the minimum scheduled maintenance requirements to 
maintain an approved CAMP for the airframe, engines, systems, and components of the aircraft.   
 

The following sources were used to develop the minimum scheduled 
maintenance/inspection requirements:  

 
(a) B737-600/-700/-800/-900 MRB Report (Document No. D626A001-MRBR)   
(b) B737-600/-700/-800/-900 MPD Report (Document No. D626A001)   
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(c) B737-600/-700/-700C/-800/-900/-900ER Airworthiness Limitations (AWLs) 
(Document No. D626A001-9-01)   

(d) B737-600/-700/-700C/-800/-900/-900ER Airworthiness Limitations - Line Number 
Specific (Document No. D626A001-9-02)   

(e) B737-600/-700/-700C/-800/-900/-900ER Certification Maintenance Requirements 
(Document No. D626A001-9-03)   

(f) B737-600/-700/-700C/-800/-900/-900ER Special Compliance Items/Airworthiness 
Limitations (Document No. D626A001-9-04)   

 
For B737NG fleet Life Limited Parts 

 
(a) Components are maintained per the Time Limit Index (TLI), which contains the 

controls, intervals, and limitations for controlled components.   
(b) The TLI for B737NG fleet is maintained through a controlled revision process.  

 
The Southwest Airlines Maintenance Program check package intervals are as 
follows:  

 
(a) Time Controlled Maintenance Task (MT): Maintenance requirements that are not 

packaged within a routine maintenance check are tracked individually. 
 

(b) Maintenance Visit 1 (MV1): Performed on aircraft that overnight with a minimum 
of four hours ground time at SWA maintenance bases or stations where scheduled 
overnight maintenance is performed. 

 
(c) Maintenance Visit 2 (MV2): Walk-Around Check for safety and security - assuring 

integrity for flight. MV2 visits were accomplished every 8 days / 150 hours 
whichever came first. 

 
(d) Maintenance Visit 3 (MV3): Inspection accomplished primarily on a walk-around 

basis to ensure condition, safety, security and servicing prior to flight. It is 
accomplished at SWA Maintenance Bases. MV3 visits were accomplished every 
600 hours / 450 cycles / 60 days whichever came first. 

 
(e) Cabin Visit (CV) Checks: Contains a set group of interior tasks such as passenger 

accommodations, cabin safety items, doors, etc., but also contained exterior items 
such as lubrications and servicing. The “CV” may be scheduled as a standalone 
check or in conjunction with any phase of the “HC” Check or Heavy Maintenance 
Visits. CV visits were accomplished every 125 days. 

 
Half C ("HC") Checks 

 
(a) The HC scheme divides a traditional block C Check concept into two distinct 

halves. The individual HC (HC1 & HC2) packages are then staggered to load level 
the check package content. This staggering allows for SWA to phase the check 
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contents so that each package remains within a predefine check span to minimize 
operational impact. 

 
(b) The "HC" Checks may include various tasks from the SWA Maintenance program 

including, Structural, Systems, Powerplant, and Zonal Program, STC, and SWA 
Tasks. The check will be conducted in a hangar and may be scheduled in 
conjunction with other Checks or Special Visits.  

 
NOTE: The "HC1", "HC2" or combination of does not zero out any lesser check.  

 
(c) HC Checks were accomplished every 250 days. Both 1HC1 and 1HC2 Checks were 

accomplished every 500 days. Both 2HC1 and 2HC2 Checks were accomplished 
every 1000 Days. Both 3HC1 and 3HC2 Checks were accomplished every 1500 
Days. (See table 2 below). 
 

Table 2 – Maintenance Check Type and Days 
 

Check 
Type 125 250 375 500 625 750 900 1000 1125 1250 1375 1500 
CV X X X X X X X X X X X X 
HC   X   X   X   X   X   X 

1HC1   X       X       X     
1HC2       X       X       X 
2HC1           X             
2HC2               X         
3HC1                   X     
3HC2                       X 

 
(d) The Heavy Maintenance Check program consists of "Y" Checks every two years 

starting at 6 years: 6Y, 8Y, 10Y, etc. The "Y" Checks may include various tasks 
from the SWA Maintenance program including, Structural, Systems, Powerplant, 
and Zonal Program, STC, and SWA Tasks. 

 
Table 3 - Heavy Maintenance Check Intervals 

 
CHECK TYPE 

INTERVAL 
2YA Initial 2920 days repeat 730 days 
4YA Initial 2920 days repeats 1460 days 
4YB Initial 3,650 days Repeat 1,460 days 
4YC Initial 2,190 repeats 1,460 days 
6Y 2,190 days / 15,000 cycles / 25,000 hours 
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Table 3 - Heavy Maintenance Check Intervals - continued 
 

  
6YA Initial 2,920 days / 24,000 cycles 

1st Repeat 1,460 days  
2nd and Subsequent Repeat – 2,190 days/25,000 hours/ 
18,000 cycles 

8Y 2,920 days / 24,000 cycles 
8YA Initial 4,380 days /36,000 cycles 

Repeat 2,920 days /24,000 cycles 
8YB Initial 7,300 days 

Repeat 2,920 days 
10Y Initial and repeat 3,652 days / 36,000 cycles 

10YA Initial 4,380 days / 36,000 cycles 
Repeat 3,650 days / 36,000 cycles 

12Y Initial and repeat 4,380 days / 36,000 cycles   
14Y 5,110 days 
16Y 5,840 days 
18Y 6,570 days 
20Y 7,300 days 
22Y 8,030 days 
24Y 8,760 days 
26Y 9,490 days 
28Y 10,220 days 
30Y 10,950 days 

 

Cabin Window Maintenance Program 

Boeing MPD has no window change program. Inspection covered by zonal program 
tasks. 

SWA Specification  
 
(a) 56-SWA-01 GVI - Passenger Cabin Window inspection - Initial and repeat 6Y. 
(b) SWA Cabin Window replacement program was initially at an eight-year interval. 

The replacement task was retired per SWA MX Program interval adjustment policy.  
(c) Replacement task was closed February 22, 2018. The cabin window general visual 

inspection requirement remained in place at the 6Y interval. 
(d) Task number 756-105-01-01 GVI - Passenger Cabin Windows Inspection.  

1) Last accomplished July 18, 2012 at the 12Y visit. 
2) Next due at 18Y visit. 

(e) Cabin window replacement task number756-21-01 retired. Last accomplished at the 
16Y visit, July 14, 2016.  
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Table 4 is a listing of the previous checks accomplished on airplane N772SW. This 
information was retrieved from the airplane maintenance records: 

Table 4 - Maintenance Checks 
 

Check Last Check Date Location Total Time Total Cycles 
MV1 4/15/2018 LAS 63509 37012 
MV2 4/15/2018 LAS 63509 37012 
MV3 3/30/2018 DEN 63335 36917 
CV 2/6/2018 DAL 62865 36620 
HC 2/6/2018 PHX 62863 36620 

1HC1 6/21/2017 PHX 60818 35307 
1HC2 2/6/2018 DAL 62865 36620 
2HC1 6/21/2017 PHX 60818 35307 
2HC2 2/6/2018 DAL 62865 36620 
3HC1 11/12/2014 MDW 52150 30221 
3HC2 8/17/2015 HOU 54834 31731 
PSEW 7/14/2016 PAE 57680 33439 
2YA 7/14/2016 PAE 57680 33439 
4YA 7/14/2016 PAE 57680 33439 
4YB 7/18/2014 IND 51017 29590 
4YC 7/18/2014 IND 51017 29590 
6Y 7/18/2012 PAE 44183 25498 

6YA 7/18/2012 PAE 44183 25498 
8Y 7/14/2016 PAE 57680 33439 

8YA 7/18/2012 PAE 44183 25498 
8YB Not accomplished 20Y initial 
10Y 6/15/2010 PAE 36962 21254 

10YA 7/18/2012 PAE 44183 25498 
12Y 7/18/2012 PAE 44183 25498 
14Y 7/18/2014 IND 51017 29590 
16Y 7/14/2016 PAE 57680 33439 
18Y Next Check Due 
20Y Not accomplished due to age of aircraft 
22Y Not accomplished due to age of aircraft 
24Y Not accomplished due to age of aircraft 
26Y Not accomplished due to age of aircraft 
28Y Not accomplished due to age of aircraft 
30Y Not accomplished due to age of aircraft 
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Based on aircraft utilization, N772SW has entered the Southwest Airlines Aging Aircraft 
Maintenance Program 
 

(a) Initial inspections related to the Aging Aircraft Program were accomplished on 
July 14, 2016. 

 
6.0 Continuing Analysis and Surveillance System (CASS)4 and Reliability Program. 

The CASS program was in place to provide surveillance and analysis of the Southwest 
Airlines Continuous Airworthiness Maintenance Program (CAMP) for performance and 
effectiveness of the Inspection and Maintenance Programs, to include maintenance, preventative 
maintenance and alterations. Southwest Airlines conducted monthly CASS meetings, which 
according to Southwest representative, the FAA Principal Maintenance Inspectors or 
representatives attend. The CASS meetings covered the preceding month’s activity. The CASS 
report showed statistical analysis of maintenance data collected from several sources i.e. Quality 
Assurance audits, Minimum Equipment List, Maintenance Station Performance, Hazmat Audits, 
etc.  
 

Southwest Airlines has an FAA approved Reliability Program. The Program monitors the 
reliability of the aircraft, its systems, components, structures and powerplants. The Reliability 
Program defines the standards for determining time limitations or intervals between restoration, 
inspections, and checks of airframes, powerplants, appliances and emergency equipment and 
serves to satisfy the requirements of 14 CFR Part 121.373. The two primary outputs produced by 
the Reliability Program each month are the Mechanical Reliability Report (MRR) and the 
Reliability Control Board (RCB) Report. The MRR is a data display that contains aircraft 
utilization data, mechanical interruption summary, mechanical dispatch reliability, pilot report 
data, engine reliability data, Airplane Reliability Index, and Component Alert data. The RCB 
Report is a document that serves as the matter of record for work done to satisfy the 
requirements of the Reliability Program. The RCB Report includes analysis of aircraft systems 
and components that have exceeded established performance standards with related proposals, 
explanation of changes planned or made to the Maintenance Program, status of ongoing 
corrective actions and analysis for previously approved items, and other items required by the 
Reliability Program. 
 

CASS reports (March 2, 2018 & March 29, 2018) and Reliability reports (January 2018 
and February 2018) were reviewed. There were no systemic issues with the engine systems in the 
fleet. There were no findings in the CASS reports for the number one engine. 
  

                                                 
4 As established by 14 CFR Part 121.373, each certificate holder shall establish and maintain a system for the 
continuing analysis and surveillance of the performance and effectiveness of its inspection program and the program 
covering other maintenance, preventative maintenance and alterations and for the correction of any deficiency in 
those programs, regardless of whether those programs are carried out by the certificate holder or by another person. 
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7.0 Minimum Equipment List (MEL)5 

Southwest Airlines was authorized to use an approved MEL on its airplanes per its 
OpSpecs. At the time of the accident, there were no open MEL items. No MEL items were found 
on the number one engine for the previous 12 months. 
 
8.0 Supplemental Type Certificates (STC)6 

Supplemental Type Certificates (STCs), supplied by air carrier, were reviewed. A total of 
19 STCs were documented and installed by the operator. There was one STC (ST01556LA) for 
the engines that installed a Meggitt engine core fire detection loop “A” harness. No other STC’s 
affected either the engines, the passenger cabin windows, or window surround structures.  
 
9.0 Airworthiness Directives (AD)7 and Service Bulletins (SB) 

Southwest Airlines provided an AD summary for review. The AD summary contained 
the applicable Service Bulletins. A review of Airworthiness Directive status lists for the airplane, 
powerplants and appliances were conducted. All ADs applicable to the airplane and engines were 
either implemented or being tracked for completion. No discrepancies were found during the 
review of the listing. The review concentrated on the windows, engines and overall AD 
compliance.  
 

AD 2016-20-14 (SB 737-53A1351) Inspection of the window corners. Areas affected are 
the upper forward and lower aft corners of the windows between BSTA 360 and 540. Lower 
forward and upper aft corners of the windows between BSTA 727 and 887. Perform an external 
HFEC inspection of the skin at twelve fastener locations in the window corners for cracking 
prior to 64,000 total aircraft cycles for the 737-700 aircraft. N772SW was being tracked for 
scheduling prior to the compliance date. Estimated compliance due date of November 2028 for 
N772SW. 
 
10.0 Aircraft Flight Logs 

Aircraft Flight Logs were reviewed from December 15, 2017 thru April 17, 2018. The 
review focused on the number one engine and passenger cabin window discrepancies on the 
accident airplane.   
 

There were no systemic issues related to the number one engine or the passenger cabin 
windows prior to the accident.  
 

                                                 
5 The FAA approved Minimum Equipment List contains a list of equipment and instruments that may be inoperative 
on a specific aircraft for continuing flight beyond a terminal point. 
6 The FAA issues Supplement Type Certificates, which authorize a major change or alteration to an aircraft, engine 
or component that has been built under an approved Type Certificate. 
7 Airworthiness Directive (AD) is a regulatory notice sent out by the FAA informing the operator of an action that 
must be taken for the aircraft to maintain its airworthiness status. 
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11.0 Weight and Balance Summary 

Per the Southwest Airlines OpSpecs, each airplane is weighed every 36 calendar months 
unless they fall within a fleet operating empty weight group which are weighed at least every ten 
years.   In addition, Southwest is authorized a fleet average weight program where a percentage 
of airplanes must be weighed each 36 calendar months. There are nine weight groups for the 
737-700 fleet. N772SW is in the T2 fleet group assignment. The last actual weight and balance 
on the airplane was accomplished on June 14, 2010 by Aviation Technical Services in Seattle, 
WA. The aircraft was maintained in compliance with the Fleet Average Weight program defined 
in the Weight and Balance Manual.  The figures for the last weight and balance are shown 
below: 
 

Basic Operating Weight: 84,806 pounds 
Arm:    659.65 inches 
Moment:   55,942,277.90 lb-inches 

 
12.0 Service Difficulty Reports (SDR)8 and Mechanical Interruption Summary Report 

(MISR)9 

A review of the FAA SDR database from April 16, 2015 to April 17, 2018, found 40 
Service Difficulty Reports on file for aircraft N772SW. There were no SDRs associated with the 
number one engine or the passenger windows on the airplane. 
 

From April 16, 2016 to April 17, 2018, Southwest Airlines reported seven Mechanical 
Interruption Summary Reports to the FAA for aircraft N772SW. The Southwest Airlines MISR 
listings dealt with aircraft system issues. There were no MISR reports for the number one engine.  
 
13.0 Major Repairs and Alterations 

A review of the Major Repairs on file for N772SW was conducted. There are 94 major 
repairs that were accomplished. None of the major repairs affected the passenger window 
surround structure, the number one engine or the number one engine inlet nose cowl. 
 

The major alteration listing revealed 34 major alterations on the accident airplane. There 
were no major alterations accomplished to the number one engine or inlet cowling of the 
accident airplane.  
 

                                                 
8 As required under 14 CFR 121.703, each scheduled operator is to report the occurrence or detection of each 
failure, malfunction or defect concerning (a) fires during flight, (b) false fire warning during flight, (c) engine 
exhaust system that causes damage during flight, (e) an aircraft component that causes accumulation or circulation 
of smoke, vapor, or toxic or noxious fumes during flight, (f) engine shutdown during flight, (g) a propeller 
feathering, (h) aircraft structure requiring major repairs, (i) cracks, corrosion, (j) other safety critical issues as stated 
in the FAR part. These occurrences must be reported within 72 hours of the event. 
9 Each scheduled operator is required under 14 CFR Part 121.705 to submit a summary of any (a) interruption to 
flight, (b) unscheduled change of aircraft en route, or unscheduled stop or diversion from a route caused by known 
or suspected mechanical difficulties or malfunctions that are not required to be reported as service difficulty reports. 
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14.0 Time Limit Components 

Southwest Airlines produced a time limit component report dated April 18, 2018 for 
review. The component status report for time limit components for the airplane, the two installed 
powerplants and the APU were reviewed. No discrepancies were found during the review.  
 
15.0 Vendors 

The Maintenance Records Group reviewed the Approved Vendor List provided by the 
Manager of Quality Assurance for Southwest Airlines. Southwest Airlines accomplished 191 
component/AEMP audits which includes CASE organization audits. All engine facilities are on 
an annual audit basis unless escalated by the CASS program. The group reviewed the GE Celma 
Brazil audit conducted January 15 – 19, 2018 as it was the vendor that accomplished the last 
overhaul of the number one engine. There were no findings during the audit.  

 

16.0 N772SW Number One Engine 

The Maintenance Record Group reviewed the most recent number one Engine (Serial No. 
875134) Fan Blade, Disk and Disk Dovetail Slot Cleaning, Inspection and Relubrication task 
accomplished June 21, 2017 at Phoenix. The interval for this task was every 3,000 Flight Cycles 
(FC) or 5,000 Flight Hours (FH), whichever came first. See table 5 for blade position records and 
blade weight moment. 
 

Table 5 – Number One Engine Fan Blades 
 

Blade Position Blade PN Blade SN Blade Weight 
(Moment) 

1 340-001-038-0 DB631611-W 212918 
2 340-001-038-0 DB632068-R 207492 
3 340-001-038-0 DB632060-H 210753 
4 340-001-038-0 DB631982-6 208051 
5 340-001-038-0 DB631808-5 209779 
6 340-001-038-0 DB632380-W 208762 
7 340-001-038-0 DB631662-C 211256 
8 340-001-038-0 DB632113-O 208015 
9 340-001-038-0 DB632025-Y 210266 
10 340-001-038-0 DB631680-B 208640 
11 340-001-038-0 DB632098-8 209407 
12 340-001-038-0 DB632595-6 209072 
13 340-001-038-0 DB632507-P 212882 
14 340-001-038-0 DB631739-J 207650 
15 340-001-038-0 DB632306-U 210738 
16 340-001-038-0 DB631941-9 208244 
17 340-001-038-0 DB631704-A 209580 
18 340-001-038-0 DB632101-J 208960 
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Table 5 – Number One Engine Fan Blades continued 
 

19 340-001-038-0 DB632357-8 211058 
20 340-001-038-0 DB632381-V 208020 
21 340-001-038-0 DB632300-H 210103 
22 340-001-038-0 DB631959-F 208706 
23 340-001-038-0 DB632130-3 209397 
24 340-001-038-0 DB632332-E 209072 

  
A post vibration survey using flight deck instruments is accomplished for the fan blade, 

disk/disk dovetail slot cleaning, inspection and relubrication task. The procedure is to slowly 
increase power from idle to takeoff power (approximately 2 minutes) and then decelerate to idle 
(approximately two minutes). If the vibration is greater than 1.5 units, balance the engine. 
Vibration level was recorded as 0.6 on work instruction card No. 772-21-20 completed June 21, 
2017. 

 
The fan blade disk and disk dovetail slot cleaning, inspection and relubrication was 

completed seven times since the engine was installed on the aircraft, see table 6. 
 

Table 6 – Fan Blade Cleaning, Inspection and Relubrication 
 

Date Engine Total Time Engine Total Cycles Location 
June 21, 2017 64,354 38,865 Phoenix 
April 19, 2016 60,648 36,664 Midway 
August 17, 2015 58,353 35,279 Houston 
July 30, 2015 58,183 35,181 Atlanta 
November 12, 2014 55,669 33,769 Midway 
March 17, 2014 53,404 32,504 Phoenix 
July 23, 2013 51,272 31,249 Houston 

 
One platform was replaced during the July 30, 2015 task due to a torn seal. At the August 

18, 2015 inspection two elastomer seals were replaced due to delamination. 
 
CFM published service bulletin CFM56-7B SB 72-1033 Revision 2, dated July 27, 2018 

that reduced the repetitive inspection interval from 3,000 FC to 1,600 FC. Due to the revised 
service bulletin, on August 2, 2018 SWA revised the maintenance program and reduced the 
interval for the fan blade Ultrasonic Inspection and relubrication task to 1,600 flight cycles for 
engines at or above the 20,000 CSN threshold.  

 
The FAA issued AD 2018-18-01 with an effective date of October 16, 2018 that reduces 

the reinspection requirement for fan blades to 1,600 flight cycles for engines that have reached 
20,000 CSN.  
 

The most recent number one engine compressor wash occurred October 5, 2017 at 
Oakland, California.  
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17.0 Fan Blade Cleaning, Inspection and Relubrication 

On August 29, 2018 the Maintenance Record group along with NTSB power plant and 
material laboratory engineering witnessed the Fan Blade, Disk and Disk Dovetail Slot Cleaning, 
Inspection and Relubrication tasks at the Southwest maintenance facility in Dallas, TX. The fan 
blade removal, cleaning and inspection demonstration was performed on aircraft N260WN, number 
one engine, serial number 888304. This was the first inspection and relubrication of the fan blades 
on this engine since engine shop visit in December 2017. 
 

A protective mat was put in place for the nose cowl inlet. The number one fan blade was 
identified, and the blades were numbered 1 through 24 counterclockwise forward looking aft. The 
platforms were numbered in the same manner ensuring that number one was properly identified. 
 

The front and rear cones were removed followed by removing the fan retaining flange from 
the rear cone. The eight elastomer spacers were removed utilizing a nonmetallic tool. The retaining 
ring was then removed. A retaining ring wrench was first installed to assist in rotating the retaining 
ring until the disk scallops were properly aligned for removal. 
 

The fan was rotated by hand to position each blade at 12 o’clock position to apply a bead of 
lubricant on each fan blade side at the platform seal for all 24 blades. The fan was rotated, and 
spacers removed when the blades were at about the 6 o’clock position. 
 

Platforms were removed. The first platform required the use of a puller. The remaining 
platforms were removed by hand.  
 

The fan blades were removed along with the shims. The blades, shims, spacers and 
platforms were placed on a portable rack numbered 1 – 24 in their corresponding positions during 
the removal.  
 

Fan blade dovetail, spacers, platforms, and shims were cleaned for inspection. Prior to 
performing the ultrasonic inspection, a visual inspection was performed on the blade root looking 
for scratches, dents, wear marks or missing/damaged coatings. There are some allowable limitations 
for missing coatings, rub and/or wear marks on the convex side of the dovetail. No wear marks 
permitted in other areas. All 24 blades had a rub mark on the concave side where the shim contacted 
the blade dovetail.  
 

Although the blades would now have to be routed to the shop for rework the ultra-sonic 
inspection was performed for this demonstration.  
 

The inspector performed the initial equipment set up and then prepared to perform the 
concave side by first performing a test on the calibration standard to ensure the equipment was 
adjusted correctly. A liberal amount of couplant gel was applied to the dovetail from the leading 
edge to the trailing edge. With the transducer seated properly the inspector scanned from the leading 
edge towards the trailing edge. He then reversed the scan from trailing edge to leading edge. The 
inspector monitors the screen for any indication equal to or greater than 30% full screen height 
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(crack indication). The inspector repeated the inspection several times for each blade. The highest 
level of deflection from across the scans was recorded. None exceeded 6% which was attributed to 
noise as it is difficult to get a tight seal from the transducer to the dovetail with the couplant gel 
applied. The inspection was completed on the remaining 23 blades with similar results (no crack 
indication). 
 

The inspector then switched the transducer to perform the same inspection on the convex 
side. The instrument was tested on the calibration standard for the convex side. Again, a liberal 
amount of liquid couplant gel was applied to the dovetail and with the transducer seated properly 
the inspector performed several scans of the convex side. No crack indications were found on any of 
the 24 blades inspected. The highest level of indicator deflection was recorded for each blade and 
again it was about 6% of full scale. 
 

The group then moved over to aircraft N7856A where this same task was being performed 
on the number one engine to witness the inspection and re-installation of the fan blades. This engine 
also required shims to be installed. The blades, shims, spacers and platforms had already been 
cleaned and inspected. Three blades had failed the initial inspection and as a result six were being 
replaced. The blades were replaced due to wear marks and missing coating that exceeded allowable 
limits. Blades are replaced in pairs 180 degrees apart. This required a new plot from engineering 
based on the weight of the 24 blades. The blades were repositioned in the stand (1 thru 24) in 
accordance with the serial number positions recorded on the new plot. 
 

SWA performs the ultrasonic inspection on all blades prior to installation regardless if they 
are overhauled, new or removed for inspection and relubrication. The group witnessed the ultrasonic 
inspection on the concave and convex sides of the dovetails for all 24 blades including the initial 
equipment calibration performed by the inspector prior to inspection. Each blade was scanned 
several times for both the concave and convex inspections. No crack indication was seen, and the 
average full screen deflection was recorded as 8% or less during the inspections which was 
attributed to noise.  
 

The inspector also performed a post calibration check of the ultra-sonic test equipment prior 
to the blades being prepared for installation. 
 

Each fan blade trim weight, location, part number, serial number, and blade weight was 
recorded in the respective tables on the installation card. 
 

A thin coat of Molykote paste was applied to the retaining ring locating pins, fan disk pins, 
booster spool pins, spacers, shims, fan blade root pressure face and lugs, and the fan disk slot 
pressure faces. The fan blades with shims were installed starting with number one placed at the six 
o’clock position and slowly rotating the fan as each blade is installed. The spacers were then 
installed in the same manner, followed by the platforms which had the elastomer seals coated with a 
thin coat of petrolatum. All excess lubricant was wiped clean. The last platform installed is the most 
difficult. 
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The fan retaining ring was installed and seated utilizing an installation fixture. The retainer 
was turned to the lock position and the fixture was then removed. The elastomer seals were 
lubricated and installed. 
 

The rear cone and the front cone were installed. The engine was restored to the normal 
configuration and the aircraft was prepped to perform a vibration survey using the flight deck 
instruments during engine run-up. The procedure is to slowly accelerate at a constant rate 
(approximately two minutes) to take off power and then decelerate at a constant rate (approximately 
two minutes) to idle. If the vibration is greater than 1.5 units then the engine would need to be 
rebalanced. During the run the highest level of vibration recorded was 1.4 units. No further action 
was required. 
 
18.0 Engine Condition Monitoring 

Engine condition monitoring reports were reviewed for the fan forward and aft vibration 
levels. Prior to fan blade lubrication task number one engine vibration at takeoff power was 
averaging about 0.75 units for the forward pick up and 1.20 units for the aft. After the clean and 
relubrication task the vibration reduced to 0.45 units for the forward pick up and 0.65 on average 
for the rear pickup.  
 

At cruise power prior to fan blade lubrication task for number one engine, vibration was 
averaging about 0.75 units for the forward pick up and 1.35 units for the aft pick up.  
 

After the clean and lubrication task at cruise power the vibration reduced to 0.25 units for 
the forward pick up and 0.40 on average for the rear pickup.  
 
19.0 Engine Nose Inlet Cowl 

According to the records reviewed, engine inlet cowl PN 314-2100-2, SN 1255001 was 
installed on aircraft N772SW number one position on February 2, 2018. The cowl had 61,876 
hours TSN / 36,340 CSN at the time of installation. No discrepancies or maintenance action on 
the fan blades were completed during the removal installation of the inlet cowl.  
 

History of the inlet nose cowl SN 1255001 prior to installation on N772SW 
 
(a) January 1, 2018: Removed from N777QC number two position, TSN 61,843 / CSN 

36,340 (first time removal). Repaired in accordance with EA No. 1-771-1102 (SR) 
at SWA maintenance shops under repair order 0710037-J1R. A review of the repair 
order found 12 dents in the acoustic panel repaired per the SRM. Two nicks were 
blended on the attach ring inner face. Loose fasteners were found along the lip skin 
that were removed and replaced. Upper and lower chords removed and replaced due 
to wear. 20 fasteners found loose at 6 o’clock position removed, high frequency 
eddy current inspected for cracks, none found and new fasteners installed. Previous 
acoustic panel repair filler material was found to be deteriorating. Repaired in 
accordance with SRM 54-10-01, see attachment one.  

(b) January 28, 2018: Installed on aircraft N704SW number two position. 
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(c) February 1, 2018: Removed from N704SW in a serviceable condition. Temporary 
installation due to paint scheme mis-match. Time on aircraft N704SW was 33 flight 
hours and 23 flight cycles. 

(d) February 2, 2018: Installed on aircraft N772SW number one position. 
(e) The inlet cowl had 62,656 TSN and 36,741 CSN at the time of the accident. 

 
20.0 Engine Fan Cowls 

The Fan Cowls installed on aircraft N772SW number one position were the original 
cowlings for the aircraft. A review of the maintenance records for the last ten years was 
conducted.  The SWA maintenance program included a general visual zonal inspection (GVI) at 
an interval of every 560 flight cycles or 90 days, whichever comes first and was last completed 
on the fan cowls March 30, 2018. The task was a GVI of both engines for such items as bird 
strikes, dents, loose or missing fasteners, fluid leaks, or any obvious defects paying particular 
attention to the engine inlet (Inner and Outer Skin), Fan Blades, Acoustical Panels and Fasteners, 
Cowlings, Pylons and Surrounding Panels, Upper Pylon Panels and Thrust Reversers.  

 
The maintenance program also included a GVI of the aircraft exterior, including the 

engine inlets, pylons, and cowlings every eight days and was last completed April 15, 2018. 
 
A record review for non-routine items for the fan cowls was also conducted, going back 

ten years. Items such as hold open rods needing adjustment, chafe strips being worn, IDG access 
door latches being worn, and an item for a possible bird strike with no damage found were 
reviewed. No non-routine items were found for the fan cowl latches or the latch keepers.  
 
21.0 Flight Recorder Parameter Review 

Flight recorder data down load and parameter review was last accomplished 
June 22, 2017 for aircraft N772SW. SWA engineering provided an overview of the review 
process to the maintenance record group using the most recent down load. None of the 34 
mandatory parameters were faulted. All parameters are validated and follow up action taken if 
needed. The parameter review is an 18-month regulatory requirement which is accomplished at 
SWA every 12 months on average. 
 
22.0 Method of Record Keeping 

Southwest Airlines used several different maintenance electronic systems to manage the 
various aspects of the maintenance program and configuration of their aircraft. Data for 
components installed, MEL/carry over/deferred item records, Engineering documents, logbooks, 
engine records, etc. were entered into the aircraft computer records on a daily basis. 
Configuration management systems are maintained that track all maintenance activities, 
inspections, tracked part installation, time controlled components and checks performed. The 
computer files are backed up real time as data is entered to prevent total loss of historical files. 
All hard copies of the documents are verified, scanned and then shredded or disposed of in 
accordance with Southwest policy.  
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23.0 Manuals 

Southwest Airlines used the following manuals to maintain the airworthiness of its fleet 
and management of the airline maintenance program. 
 
Maintenance Procedures Manual (MPM) – The manual provided policies and procedures to be 
followed by all persons in Tech Ops.  
 
MSG-3 Maintenance Specification (S7100) – Defined the maintenance program for the 
B737-700 type aircraft operated by Southwest Airlines and was maintained in accordance with 
its CAMP, Reliability Program and the Southwest Engine Reliability Program as required by 
OpSpecs D072.   
 
Time Limit Index – Provides the definition of requirements for components that have specific 
time limitations tracked for life limited parts.  
 
Minimum Equipment List (MEL) – List of equipment and instruments that may be inoperative 
on a specific aircraft. 
 
SWA Weight and Balance Manual – Weight and balance procedures to be followed by 
maintenance and flight operations personnel on all aircraft operated by Southwest Airlines. 
 
Manufacture Supplied Manuals - Aircraft/Engine Maintenance Manuals, Structural Repair 
Manuals, Overhaul Manuals, Wiring Manuals, Fault Isolation Manuals, Illustrated Parts Catalog, 
Corrosion Program Manual, NDT Manual, Significant Structure Items Manual, Service Bulletins 
and Engine Manuals.   
 
 

 
Submitted by: Gregory Borsari 

Aviation Accident Investigator 
Maintenance 
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Attachment 1 
 
 

Inlet Fan Cowl Repair 
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