
/b 

DOT/FAA/CT-91/1 0 Turbine Aircra1t Engine
FAA Technical Center 
Atlantic City International Airport Operational Tr•~nding andN.J. 08405 

nent 
liability Stucly 

' .. :.·::: :::: :.·: .. :: .. 

March 1992 

Final Report 

\! \\\\\ ',;, This document is available to the U.S. , 

··•t t ·•···. ... ... ugh the National Technical Info . 
···· •· ··• ·•· .• .. ... ~pringfield, Virgini(i .....•.... ·•· ··· ·· ·· · 

0 
U.S. Department of Transportation Department of the Air Force 
Federal Aviation Administration Oklahoma City Air 

Logistics Center 



-~~-~~~---------------~~~--------~-----~----·-~---------·---------------- ~-------------. 

NOTICE 

This document is disseminated under the sponsorship of the U.S. Department of 
Transportation and the Department of the Air Force in the interest of 
information exchange. The United States Government assumes no liability for 
the contents or use thereof. 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein solely because they are considered 
essential to the objective of this report. 



- ---

1. Ret~ert No. 3. Roci~i-t' • Cotolot No. 

DOT/FAA/CT-91/10 
~. Titlo eft4l Subtitle 5. Ret~ert l)oro 

March 1992 
TURBINE AIRCRAFT-ENGINE OPERATIONAL TRENDING 

6. Perfo,...int Ort-iaotion Code
AND JT8D STATIC COMPONENT RELIABILITY STUDY 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~·· Per~flllintO~-ia-ionR~MtNo.
7. Author's). 

A.Bruce Richter, Margaret Ridenour-Bender, Mike Tsao DOT/FAA/CT-91/10 
9. Per~fllllnt Ort•ia•l- N-o •-' AtWro.. 10. Werll U1tit No. (TRAIS) 
Science Applications International Corp. 
Logistics Technology Division 11. C:.trect or Gr...t No. 
4335 Piedras Drive, West Suite #223 F04606-89-D-036 
San Antonio, Texas 78228 13. r,,. of Ro~ert on4 Porio4 Covered 

~~~--------------------~----------~~----------............................................................-~ 
12. 5,.fteorl1tt A.-y N- •-' A.."•• 
U.S. Department of Transportation and * Final Report 
Federal Aviation Administration 3/28/90 To 3/28/91 
Technical Center 
Atlantic City International Airport, NJ 08405 
15. Su,l-tor' Notos 

*Department of the Air Force, Oklahoma City Air Logistics Center 
Technical Center Project Manager: David Galella 

16. Abotr•ct 

The engine subpanel of the June 1988 International Conference on Aging 
Airplanes identified the need to study aircraft tu::-bine engine static 
components for reliability problems resulting from aging effects. This 
study trended in-flight shutdowns and unscheduled J:'emoval rates of JT8D, 
CF6, and JT3D turbine aircraft engines for the two year period of 
February 1988 through January 1990. Specific engine components on the 
JTSD engines of air carriers frequently exceeding 1:he industry norm 
during the trending period were identified. This review resulted in the 
following types of component failures occurring: hard failures, wear and 
tear/inspection failures, structural failures, diagnostic 
troubleshooting, and maintenance errors. In additton to specific JT8D 
engine components being identified, an ultrasonic tnspection procedure 
was developed for the JT8D engine outer combustor c:ase boss. 

17. ICe, Wer4o Actuarial Analysis 11. Dte•il~~ttt- Stet-t 

Case Drain· Boss Weld Document is a.vailable to the public
In-flight Shutdowns through the tllational Technical 
Service Difficulty Report (SDR) Data Base Information Service, Springfield
Ultrasonic Inspection Virginia 22161 
Unscheduled Engine Removals 
19. Socurit' Clo..if, (of thio ~t) 21. Sec.rie, Clo..lf. (of thi • , ..., 21· No. of Pot•• 22. Price 

76Unclassified Unclassified 

For• DOT F 1700.7 Cl-72) R..M4uctl... ef ce..,.letetl Pat• eutherlaH 



PREFACE 

This report was prepared by Science Applications Intemationa1 Corporation under contract 
number F04606-89-D-036 Delivery Order Number SD06 with the Department of the Air Force, 
Oklahoma City Air Logistics Center, and the Federal Aviation Administration (FAA) 
Technical Center. 

The JTSD, CF6, and JT3D engine trending analysis was conducted by the Logistics Technology 
Division located in San Antonio, Texas. A Bruce Richter and Margaret Ridenour-Bender 
perlormed the actuarial data analysis. The development of the Nondestructive Inspection 
(NDij technique for the JTSD engine outer combuster cases was accomplished by the Ultra 
Image International Division located in New London, Connecticut, under the direction of 
Robert H. Grills and Mike C. Tsao. 
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EXECUI'IVE SUMMARY 

The engine subpanel of the June 1988 International Conference on Aging Airplanes identified 
the need to study airCraft turbine engine static components for r,eliability problems due to 
agmg effects and. where needed. to develop improved inspection techniques for these static 
components. Subsequently. the Federal Aviation .AdminJstration (FAA) Technical Center and 
the U.S. Department of the Air Force jointly contracted Science Applications International 
Corporation (SAIC) to cany out such an investigation. 

The approach taken by SAIC was to trend the in-flight shutdowns and unscheduled removal 
rates of JTSD. CF6. and JT3D turbine a:trcraft engines for the two year period from February 
1988 to January 1990. These data are currently collected each month by the FAA and 
published in the Air Carrier Aircraft Utilization and Propulsion Reliability Reports. Using 
actuarial data from these reports. monthly industry-wide averages of shutdown and 
unscheduled removal rates were calculated for each abframe and engine combination. Rate 
data from individual U.S. operators of those engines were then compared to the monthly 
industry averages and the results were trended to determine which operators were expertencmg 
higher than normal engine shutdown and removal rates. Since the ultimate purpose of this 
study was to identify possible reliability problems with engine static components. no airlines 
or operators were identitled. For this reason. all operator name~1 throught this report have 
been masked to ensure anonymity. 

Once the operators that frequently exceeded the industry normal rates for shutdowns and 
removals were determined. the FAA's Service D1fficulty Report (SDR) data base was querted for 
each of those operators to determine which components may have caused the higher than 
normal shutdowns and removals. Although trending was accomplished for the JTSD, CF6. and 
the JT3D. the scope of this report was to perform the SDR component analysis for only the 
Jl'SD engine. The Jl'SD was chosen as the focus of this study bec::ause it has been 1n service for 
over twenty years. its application is on three separate airframes (:B-727. B-737. and DC-9). and 
because there are cUITently over 10.000 such engines still in coDJmercial service. 

From the actuarial trending. ten operators of JTSD engines were selected to be further 
analyzed using data from the SDR system. For these 10 operatom. the SDR data base was 
analyzed for the pertod from January 1983 to May 1990 to identify components possibly 
responsible for the higher than normal shutdowns and removal:s. The following components 
and conditions were discovered: 

Hard Failures 

- #3 Bearing 
- #4.5 to #6 Oil Beartng Tube 

Wear and Tear I Inspection Failures 

- 13th Stage Bleed Air Duct 
- Turbine Blades 

Structural Failures 

- Case Cracking 

Diagnostic Troubleshooting 

- Fuel Controls. Pumps 
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Maintenance Practices 

- oo cap unsecured 
- Fuel I 011 Heater Valve Wired Open 
- 011 Screen Studs Pulled Loose 
- Oil Seals Pinched 

Based upon discussions with Pratt and Whitney Aircraft (PWA) and the FAA. SAIC developed 
an improved technique to inspect the three outer combustor case drain boss welds for 
cracking. Although PWA had developed an on-wmg ultrasonic inspection technique that could 
inspect the weld near the bolt holes of the bosses for cracldng. it was possible to miss cracks 
developing near the weld but away from the bolt holes. To Jmprove this inspection. an 
automated ultrasonic scanner system was des1gned by SAIC that could access the drain bosses 
through the exhaust duct of the engine and scan a larger area of the drain boss welds·and bolt 
holes. The scanner was tested on several combustor cases at PWA and successfully detected the 
notches spedtled in the PWA Alert Service Bulletin 5676. revision 6. Appendix B. The scanner 
was des1gned so that with minor modification. it could be applicable to other commercial 
engines. 

This study concluded that the FAA Air Carrier Aircraft Utilization Propulsion Reliability 
Report contains valuable actuarial information that can be used to document reliability trends 
of spedftc engines. The actuarial trending and component failure analysis using the SDR 
system were useful in determining which components may require modification and/or 
nondestructive inspection procedures to ensure their integrity. Based upon data collected from 
the trending and SDR analysis, the outer combustor case on the JT8D engine was chosen and 
demonstrate~ to be one static part that could be inspected more thoroughly by applying state of 
the art ultrasonics and automated scanning techniques. 

viti 



INTRODUCTION 

PURPOSE 

The purpose of this study was to conduct an actuarial trending analysis to review the 
operational reliability of the JTSD engine, and also to develop a successful nondestructive 
inspection (NDI) procedure for the JTSD engine outer combustor cases. Observations, 
conclusions, and recommendations on specific airline operational performance and 
maintenance practices were not part of the purpose of this task. In that regard, no identities of 
specific airlines performance and component failures have been made. Actuarial data were 
also collected on the CF6 and JT3D engines. Preliminary reliability results were calculated on 
the CF6 and .rt3D, however, a more in-depth component failun: analysis was not performed 
for this phase of the work. The objectives of the NDI program wc::re to design and construct a 
prototype automatic scanner and to develop an inspection procedure for on-aircraft inspection 
of JT8D combustor case drain boss welds using an ultrasonic imaging method. The NDI 
procedure was developed so that with minor modifications, the :procedure could be applicable 
to other engines such as the CF6, JT3D, and JT9D. 

BACKGROUND 

The aerospace industry's attention toward aging aircraft has generally been focused upon 
aircraft fuselage structures. The thought about aircraft engines has historically been that 
engines were periodically "regenerated" through scheduled maintenance and modification 
programs. For many of the dynamic components, like blades, disks, and spacers, this is 
basically true and applies equally to some static parts like vanes and combustors. However, 
other static parts such as fan, compressor, combustor, dtliuser, turbine, and exhaust cases are 
not life limited and therefore not subject to periodic replacement. 

The engine subpanel of the June 1988 International Conference on Aging Airplanes identified 
the need for improved nondestructive inspection (NDI) procedures for aircraft turbine engine 
cases and frames. The composite maintenance concept for airllne engines emphasizes 
maximum use of on-aircraft maintenance and phased maintenance of rotors and static parts 
based upon life limits. However, since engine cases and frames provide the skeleton to which 
other components are attached, these cases and frames are rarc:ly removed and inspected. 
Some cases now have in excess of 30,000 hours of operating time. Without specific life limits 
assigned to cases, there is no requirement for scheduled shop removals and an in-depth 
inspection cycle. 

The JTSD was chosen for this study because of its proven opera1:ional service. The JT8D is used 
on three separate airframes: the B-727, B-737, and DC-9. Over 10,000 of these engines are in 
service and many have been in operation for over 20 years. Th:ls engine has delivered excellent 
service, although several air carriers have reported higher than normal in-flight shutdowns 
and engine removal rates. 

PROCEDURE 

ACDJARIAL DATA SOURCES 

This study included an actuarial scan of the JTSD, CF6, and JI'3D engine inventories to 
determine which air carriers reported higher than normal engJne in-flight shutdowns and 
engine removal rates. The data analysis went one step further for the JT8D engine since the 
objective was to identify those JTSD engine components recorded as causing the high rates of 
in-flight shutdowns and engine removals. The following sources of information were used for 
this actuarial study: 
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1. The FAA Air Carrier Aircraft Utilization & Propulsion Rel1ab111ty Report, as published 
on a monthly basis by the Aviation Standards National Field Office at Oklahoma City, OK. 
This report provides the following monthly information, by aircraft engine type, and air 
carrier: 

-Number of aircraft by aircraft model and engine series 
- Engine shutdowns & shutdowns/1000 hours 
- Engine removals & removals/ 1000 hours for premature 
unscheduled removals 
- 3-month history of engine shutdowns per 1000 hours 

2. FAA Service Difficulty Reports (SDRs) as published by the Aviation Standards National 
Field Office with each issue covering a one week period. The engine section of this report 
provides: 

- Information on a specific engine incident, identifying the air carrier involved, aircraft 
model, aircraft serial number, description of the problem, and often the investigation results 
and corrective action taken. 

3. Printouts from the FAA Operational Systems Branch, AVN-120 onJI'SD-1, -7, 
-15, -17, engine component failures from January 1983 through May 1990 that provide: 

- Information on specific engine incidents, identifying the air carrier involved, aircraft and 
engine dash model, date of component failure, take-off aborts, engine shutdowns, flights 
diverted, description of failure, teardown results, and corrective actions taken. 

TRENPING METUODOLQGY 

The actuarial data initially analyzed in this study came from the monthly FAA Air Carrier 
Aircraft Utilization and Propulsion Rel1ab111ty Reports. For the 24-month period from 
February 1988 through January 1990, all US operated JT8D, Jf3D, and CF6 engine in-flight 
shutdowns and unscheduled engine removal rates, by month and airline, were trended. From 
these data, monthly, industry-wide average rates of in-flight shutdowns and engine removals 
were calculated for each of the following airframe/engine combinations: 
B-727 /JT8D, B-737 /JT8D, DC-9/JTSD, A-300/CF6, B-767 /CF6, DC-10/CF6, B-707 /JT3D and 
DC-8/Jf3D. 

Along with the average or normal rates, first and second standard deviations were also 
calculated per month, for each airframe/engine combination. For each month, an operator's 
reported rates of in-flight shutdowns and engine removals were compared with the norm for a 
particular airframe/engine combination. When the operator's rate was between one and two 
standard deviations of the norm, the condition was coded "Y'' for yellow. A yellow condition 
was considered by SAIC to be a possible indicator of a rel1ab111ty problem at that airline. When 
an operator's rate was greater than two standard deviations from the norm, the condition for 
that month was coded ''R" for red. Red conditions were considered by SAIC to be a definite 
indicator of a reliability problem. The following equations were used in this standard 
deviation analysis: 

- number of datum entries (e.g. number of airlines); N 
- sunnnation of datum entries (e.g. monthly shutdown removal rates) DC 
- average of data entries; DC/N 
- standard deviation; SD: 
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112 The yellow range was calculated as: 
N:l:X 2- (IX)) (Average X+1 SO)> (Average X+2SD) 

SD= 
( 

N (N-1) 
The red range was calculated as: 
> (Average X+2SD) 

'NORM Range 

VellowRenge 

Red Range 

X cr1 C12 

Tables 1 and 2 are samples of the yellow and red trending performed for each US airline 
operating either the JT8D, CF6 or JT3D engines. Again, this type of trending was performed 
separately for both in-flight shutdown data and engine removal data. It should be noted that 
months containing a "-" correspond to a condition when the rate was equal to or below the 
normal rate value for that airframe/engine combination. Also .. some months may contain two 
''Y''s or two "R"s which corresponds to an airline that exceeded the normal range while 
operating two different aircraft model series, (for example the 727-100 and 727-200 aircraft 
model operating with a JT8D-7B engine). When either the aircraft model series number or the 
engine model series number was not specified, the FAA Air Carrier Aircraft Utilization & 
Propulsion Reliability Report identifies this lack of information by placing an asterisk (•) 
adjacent to the aircraft model or the engine model. This ·same ldentification was used in the 
actuarial trending throughout this report. 

A reasonableness test was applied to the calculated standard d.evtation with consideration 
given to fleet size, daily utilization hours, and engine shutdown and removal rates. Fleet size 
among the air carriers varied by aircraft type, but the utilization rate was comparable among 
the carriers. The use of rates for engine shutdowns and removals mtnimfzed any skewing of 
the trending data from carriers with large and/or small inventories corresponding with large 
and/or small numbers of incidents. 

In order to normalize these data and to calculate a more accurate and true standard deviation, 
two screening criteria were established. If an airline's number l)f aircraft was less than 8 
(whJch correlates to 24 engines on the B-727, 16 engines on the B-737, 16 engines on the DC-9, 
16 engines on theA-300, 16 engines on the B-767, 24 engines on the DC-10, 32 engines on the 
B-707. and 32 engines on the DC-8). and the rate (number of incidences per 1000 fleet operating 
hours) was greater than 0.75 for in-flfght shutdowns and engine removals, these data were not 
included in the calculation. However, the entry was included tiJr the overall trending analysis. 

3 



TABLE 1: B-727/JTSD ENGINE IN-FLIGHT SHUTDOWNS 

Example of "Y" and "R" data collected from partial list of airlines operating B-727 with JTSD 
engines that experienced in-flight shutdowns from January 1989 through January 1990 

JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC JAN 
AIRLINE '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '90 
CTA (*) - - - - y - - - - - - - -
CTA(7) - - - - - - R y - - - - -
ABC(*) - y - R R - R y R - R y y 

BKB (7B) - - - - - - - y - - y - -
BKB (17) - - - - R - y - - R - - y 

BKB (15) - R - y y - - - y - y - -
RAB(7B) - - - R y y - y y y - - -
RAB (15) - - - - - - - - - - - - -
FPC (15) - - - y y - - - - - R - -

~ XYZ(7) - - - - - - - - - - - - -
XYZ(17R) - - - - - - - . - R - R -
XYZ (15) - - - - - - R - y y - y -
LWZ(9A) - - - y - - - - y - - - -
LWZ (*) - - - - - - - - - - - - -
LWZ (7B) - - - - - - - - - - - R -
DDA(7B) - - - - y - - - - y - - -
DDA(7B) - - - R - - - - y - R - -
DDA(9A) - - - y R - - - - y y - YR 
DEF(7) - - - - - R - y R - y - -
DEF(l7A) - - y - - - - - R R - - -
FFF (7) - - - - - - - - - - - - -
FFF(7B) y - - - - - R R - - R - -
QQQ (7B) - - y - - R - - - - - - -
EEE (7B) R - R - - - - - - - - - -
ppp (7) - - - - - - R - - - - - -
uuu (7B) - -

--------
- -

- ------- ------- L_______ '- - - - - - - - - -



TABLE 2: B-727/JTSD ENGINE REMOVALS 

Example of''Y'' and "R" data collected from partlalllst of alrUnes operating B-727 with JTSD 
engines that experienced unscheduled engine removals from January 1989 thru January 1990 

JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC JAN 
~INE '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '90 
CTA (•) - - y - y - - - - - - y - I 

CTA(7) - - - - - - R R - - - - -
DDA(15) - y y - - - - - - y - - -
DDA(9A) - - - - y - R - - - YR - -

y y yDDA(7B) - - - YR YR - R - - -
XYZ (17R) - - - - - - - - - - - R -
XYZ (15) - - - - - R - R y - y y -
XYZ (7) - - - R R R R R - - - y -
BKB (7B) - - y - y - - - - - R R -
BKB (15) - y y - R - - - y - y R -
BKB (17) y - - - - y - - R - y - -
LWZ(7B) - - y - - y - - R - - - y 

U1 LWZ(9A) y - - - - - - - y - - - -
MRM(9A) - - - - - y - - - - - - - I 

MRM(l7R) - - - - y - - - - - - - -
MRM (15) - - - - - - R - - - - - -
MRM (7B) - - - - - - - - - - - - -
GGA (15) - - - - - - y y y - - - -

•GGA(17) - - - y y - y - R y y - y 

FPC (15) - - - - - - yy - - - - - -
RAB (7B) - - - - - - R y - - - y -
JKL (15) - R - - R - - R - - - - -
JKL (7B) R R R R y - - R - y y y -
GHI(7B) - - - - - - - - R - - - - I 

IGHI (15) R - - - - - R - - - - - -
GHI (17) R - - y - - R - RRR R - R -
GHI (9) - R - - - - - - - - - - -
O'IT (•) - - - - - - - - - - - - -
O'IT (15) - - - - - - - - - - - - -
~.. (~)_ - - - - - - - - - y - -L___. ______ -

·- ---- --·- -



If the entry was included in the calculation for an airline with a small engine population and 
an excessive rate. these data would be skewed to the ngbt (high). Therefore. tlns screening 
crtteria allowed for a more accurate trending analysis. 

The final aspect of tlns actuarial trending was to determine whJch airlines consistently 
exceeded the industry norm of in-fi1ght shutdowns and engine removal rates. The purpose of 
tlns macro analysis was to determine which airlines may be having engine reliability 
problems and to review those engine components causing the service cWllculties. Note. that 
tlns macro analysts was perlormed only for the JTSD engine and not for the CF6 or JI'3D. 

COMPONENT PERFQRMAI!CE ANALYSIS 

Once the macro scan ranking was completed. a detailed analysts of JTSD component failures 
was conducted. A printout was requested on JT8D engine component faJlures as recorded in the 
SDRs. This printout covered the t1meframe of 1983 ~ugh AprJl 1990. Spedflc information 
provided included the following: operating condition that occurred. whJch engine Incurred the 
damage. aircraft model and sei1al number. engine ~ and se11al number. airline 
experiencing the incident. and date of the incident. A brief narrative was included in this 
information describing the incident and corrective action taken. This narrative would 
document whether a take-offwas aborted. a rught tum-back occurred. if the flight was 
diverted. and whether or not an engine flameout occurred. Each of these rught occurrences was 
considered stgn:Jflcant in determining the severity of the specitl.c JT8D engine component 
failure. 

The information from tlns printout was used to develop the JTSD engine component faJlure 
trend. The trend identifies the component failures and the number of failure occurrences. This 
in-depth component failure analysis was conducted on those air carrierS identified as having 
consistently higher than normal in-flight shutdown and engine removal rates for the 
24-month trending period. 

DISCUSSION AND BESlJLTS 

ACTUARWc TBENDING BESULTS 

Data for the 24 month period from Februmy 1988 to Janumy 1990 were collected for the 
following airframe/engine configurations: B-727/JTSD. B-737/JTSD. DC-9/JTSD. 
A-300/CF6. B-767/CF6. DC-10/CF6. B707/JI'3D and DC-8/JI'3D. For each airframe/engine 
combination. the industry average and standard deviation for in-flight shutdowns and 
unscheduled engine removal rates per 1000 hours of operating time were calculated. For tlns 
study the industry normal range is the monthly average plus one standard deviation. The 
yellow range is greater than one standard deviation but less than two standard deviations from 
the industry average. The red range is greater than two standard deviations form the industry 
average. Summary data of the in-flight shutdown calculations by month are listed in table 3 
and data concerning engine removal calculations are listed in table 4. 

With the monthly industry norms calculated. bar charts comparing individual airlines to the 
monthly norms for the respective airframe/engine combinations were developed. Figures 1 
and 2 are examples of such charts. The percentage of months that each airline operated over 
the industry's normal rate of in-flight shutdown and engine removals was dete~ed The 
airlines which most often exceeded the monthly normal rates were identified for each 
airframe/engine combination. A masked listing of these airlines is contained in tables 5 
through 12. The airlines ustng JTSD engines that most frequently exceeded the norms were 
then analyzed by SAIC via the FAA's SDR system. Again. it should be noted that the ranking of 
airlines by percent of monthly exceedances was necessmy to facilitate the identification of 
JTSD components causing the exceedances and not to target individual airlines in any way. 
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TABLE 3: IN-FLIGHT s•IUTDOWN CALCULATIONS 

FEB '88 MAR'88 APR'88 MAY'88 JUN'88 JUL'88 AUG'88 SEPT'88 
B-727/JfSD 

Average (X) 0.03 0.01 0.01 0.02 0.02 0.02 0.04 0.04 
Standard Dev. 0.09 0.02 0.04 0.07 0.07 0.05 0.11 0.11 
Industry Norm X<.12 X<.03 X<.05 X<.09 X<.09 X<.07 . X< .15 X< .15 

Yellow Range .12<X<.21 .03 <X< .05 .05 <X< .09 .09 <X< .16 .09<X<.16 .07<X< .12 .15 <X< .26 .15 <X< .26, 
Red Range X> .21 X>.05 X> .09 X> .16 X> .16 X> .12 X> .26 X>.26 

B-737/JfSD 
Average (X) 0.01 0.02 0.01 0.01 0.02 0 0.02 0 

Standard Dev. 0.03 0.06 0.02 0.02 0.02 0.01 0.05 0.02 
Industry Norm X<.04 X<.08 X<.03 X<.03 X<.04 X<.01 X<.07 X<.02 

Yellow Range .04 <X< .07 .08<X<.14 .03 <X< .05 .03 <X< .05 .04 <X< .06 .01 <X< .02 .07 <X< .12 .02 <X< .04 
Red Range X>.07 X>.14 X>.05 X>.05 X>.06 X>.02 X>.12 X>.04 

~ 

DC-9/JfSD 
Average (X) 0.01 0.01 0.01 0.01 0 0.01 0.01 0.01 

Standard Dev. 0.05 0.03 0.03 0.04 0.01 0.02 0.04 0.04 
---·--- ----

Industry Norm X<.06 X<.04 X<.04 X<.05 X< .01 X<.03 X<.05 X<.05 
Yellow Range .06 <X< .11 .04 <X< .07 .04 <X< .07 .05 <X< .09 .01 <X< .02 .03 <X< .05 .05 <X< .09 .05 <X< .09! 

Red Range X> .11 X>.07 X>.07 X>.09 X>.02 X>.05 X>.09 X>.09 

I 

A-300/CF6 
Average (X) 0.09 0 0 0 0.02 0 0.07 0.05 

Standard Dev. 0.1 0 0 0 0.04 0 0.09 0.1 
Industry Norm X<.19 0 0 0 X<.06 0 X< .16 X< .15 i 

Yellow Range .19 <X< .29 0 0 0 .06<X<.10 0 .16 <X< .25 .15 <X< .25! 
Red Range X>.29 0 0 0 X>.10 0 X>.25 X>.25 



TABLE 3: IN-FLIGHT SHUTDOWN CALCULA liONS (CONTINUED) 

OCT'88 NOV'88 DEC'88 JAN'89 FEB'89 MAR'89 APR'89 MAY'89 

B-727/JTSD 
Average (X) 0.06 0.04 0.04 0.07 0.02 0.04 0.01 0.01 

Standard Dev. 0.17 0.12 0.11 0.18 0.06 0.15 0.02 0.03 
Industry Norm X<.23 X< .16 X< .15 X<.25 X<.08 X< .19 X<.03 X<.04 

Yellow Range .23<X< .40 .16<X<.28 .15 <X< .26 .25 <X< .43 .08<X<.14 .19 <X< .34 .03 <X< .05 .04 <X< .07 
Red Range X>.40 X>.28 X>.26 X>.43 X> .14 X>.34 X>.05 X>.07 

~ 

B-737/JTSD 
Average (X) 0.02 0.04 0.01 0.02 0.04 0.02 0.02 0.04 

Standard Dev. 0.05 0.1 0.02 0.06 0.12 0.06 0.06 0.09 
Industry Norm X<.07 X<.14 X<.03 X<.08 X< .16 x<.o8 X< .08 X< .13 

Yellow Range .07 <X< .12 .14 <X< .24 .03 <X< .05 .08<X<.14 .16<X<.28 .08 <X< .14 .13 <X< .24 .13 <X< .24 
Red Range X>.12 X>.24 X>.05 X> .14 X> .28 X> .14 X> .14 X>.24 

Q) 

DC-9/JTSD 
Average (X) 0.01 0.03 0 0.01 0.01 0.02 0.02 0.01 

Standard Dev. 0.04 0.06 0.02 0.02 0.04 0.06 0.1 0.02 

Industry Norm X<.05 X<.09 X<.02 X<.03 X<.05 X<.08 X< .12 X<.03 
Yellow Range .05<X< .09 .09 <X< .15 .02 <X< .04 .03 <X< .05 .05 <X< .09 .08 <X> .14 .12<X<.22 .03 <X< .05 

Red Range X>.09 X> .15 X>.04 X>.05 X>.09 X> .14 X> .22 X>.05 

A-300/CF6 
Average (X) 0.05 0.12 0.05 0.06 0.03 0 0.05 0 

Standard Dev. 0.09 0.09 0.1 0.08 0.06 0 0.11 0 
Industry Norm X<.14 X<.21 X< .15 X< .14 X<.09 0 X<.16 0 

Yellow Range .14<X<.23 .21 <X< .30 .15<X< .25 .14<X<.22 .09<X<.15 0 .16<X< .27 0 
Red Range X>.23 X>.30 X>.25 X>.22 X>.15 0 X> .27 0 



TABLE 3: IN-FLIGHT SHUTDOWN CALCUU\TIONS (CONTINUED) 

JUN'89 JUL'89 AUG '89 SEP'89 OCT'89 NOV'89 DEC'89 JAN'90 

B-727/JTSD 
Average (X) 0.03 0.04 0.02 0.02 0.02 0.01 0.02 0.02 

Standard Dev. 0.07 0.1 0.06 0.04 0.05 0.02 0.05 0.05 
Industry Norm X<.10 X< .14 X<.08 X<.06 X<.07 X<.03 X<.07 X<.07 

Yellow Range .10<X<.17 .14<X<.24 .08<X<.14 .06<X<.10 .07 <X< .12 .03 <X< .05 .07 <X< .12 .07 <X< .12 
Red Range X> .17 X>.24 X> .14 X> .10 X> .12 X>.05 X> .12 X> .12 

B-737/JTSD 
Average (X) 0.02 0.01 0 0.02 0.01 0.02 0.03 0 

Standard Dev. 0.06 0.05 0.02 0.05 0.04 0.06 0.08 0.01 
Industry Norm X<.08 X<.06 X<.02 X<.07 X<.05 X<.08 X< .11 X< .01 

Yellow Range .08<X<.14 .06 <X< .11 .02 <X< .04 .07<X< .12 .05 <X< .09 .08<X<.14 .11<X<.19 .01 <X< .02, 
Red Range X> .14 X> .11 X>.04 X> .12 X> .09 X> .14 X> .19 X>.02 

\0 

DC-9/JTSD 
Average (X) 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 

Standard Dev. 0.02 0.02 0.06 0.03 0.02 0.02 0.06 0.05 
Industry Norm X<.03 X<.03 X<.08 X<.04 X<.03 X<.03 X<.08 X<.06 

Yellow Range .03<X< .05 .03 <X< .05 .08<X<.14 .04 <X< .07 .03 <X< .05 .03 <X< .05 .08<X < .14 .06 <X< .11 
Red Range X>.05 X>.05 X> .14 X>.07 X>.05 X> .05 X> .14 X> .11 

A-300/CF6 
Average (X) 0.05 0.04 0.06 0 0 0.07 0 0 

Standard Dev. 0.1 0.08 0.11 0 0 0.1 0 0 
Industry Norm X<.15 X< .12 X< .17 0 0 X< .17 0 0 

Yellow Range .15 <X< .25 .12<X<.20 .17 <X< .28 0 0 .17 <X< .27 0 0 
Red Range X>.25 X>.20 X>.28 0 0 X>.27 0 0 



TABLE 3: IN-FLIGHT SHUTDOWN CALCULATIONS (CONTINUED) 

B-767/CF6 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

FEB'88 

0 
0 
0 
0 
0 

MAR '88 

0 
0 
0 
0 
0 

APR'88 

0.01 
0.03 

X<.04 
.04<X< .07 

X>.07 

MAY'88 

0 
0 
0 
0 
0 

JUN'88 

0 
0 
0 
0 
0 

JUL'88 

0 
0 
0 
0 
0 

AUG'88 

0.02 
0.03 

X<.05 
.05 <X< .08 

X>.08 

SEPT'88 

0.02 
0.03 

X<.05 
.05 <X< .08 

X>.08 

DC-10/CF6 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

0.15 
0.27 

X<.42 
.42 <X< .69 

X>.69 

0.03 
0.06 

X<.09 
.09 <X< .15 

X>.15 

0.06 
0.12 
< .18 

.18 <X< .30 
X>.30 

0.09 
0.17 

X<.26 
.26 <X< .43 

X> .43 

0.04 
0.14 

X< .18 
.18 <X< .32 

X>.32 

0.04 
0.09 

X< .13 
.13 <X< .22 

X> .22 

0.08 
0.13 

X< .21 
.21 <X< .34 

X> .34 

0.02 
0.04 

X<.06 
.06 <X< .10 

X> .10 

I 

0 

B-707/Jf3D 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

0.13 
0.31 

X<.44 
.44 <X< .75 

X> .75 

0.02 
0.07 

X<.09 
.09<X<.16 

X>.16 

0.1 
0.23 

X<.33 
.33 <X< .56 

X>.56 

0.02 
0.06 

X<.08 
.08<X<.14 

X>.14 

0.04 
0.12 

X< .16 
.16<X<.28 

X>.28 

0.09 
0.19 

X<.28 
.28 <X< .47 

X> .47 

0.08 
0.27 

X<.35 
.35 <X< .62 

X> .62 

0.1 
0.2 

X<.30 
.30 <X< .50 

X>.50 

DC-8/Jf3D 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

0.05 
0.11. 

X<.16 
.16 <X< .21 

X> .21 

0.17 
0.32 

X<.49 
.49 <X< .81 

X> .81 

0.17 
0.42 

X<.59 
.59< X< 1.01 

X> 1.01 

0.12 
0.35 

X<.47 
.47< .82 
X>.82 

----

0.02 
0.1 

X< .12 
.12<X<.22 

X>.22 
---

0.03 
0.08 

X<.ll 
.ll<X<.19 

X> .19 
----

0.06 
0.14 

X<.20 
.20 <X< .34 

X>.34 

0.06 
0.16 

X<.22 
.22 <X< ,38 

X>.38 

~ 



TABLE 3: IN-FLIGHT SHUTDOWN CALCULATIONS (CONTINUED) 

! OCT'88 NOV'88 DEC '88 JAN'89 FEB'89 MAR'89 APR '89 MAY'89 
B-767/CF6 

Average (X) 0 0 0.06 0 0 0 0.02 0 
Standard Dev. 0 0 0.13 0 0 0 0.04 0 

I 

Industry Norm 0 0 X< .19 0 0 0 X<.06 0 i 

Yellow Range 0 0 .19 <X< .32 0 0 0 .06<X<.10 0 
Red Range 0 0 X> .32 0 0 0 X> .10 0 

DC-10/CF6 
Average (X) 0 0.01 0.02 0.04 0.05 0.02 0.05 0.04 

Standard Dev. 0.01 0.03 0.04 0.05 0.15 0.04 0.08 0.05 
Industry Norm X< .01 X<.04 X<.06 X<.09 X<.20 X<.06 X<.13 X<.09 

Yellow Range .01 <X< .02 .04 <X< .07 .06<X<.10 .09<X<.14 .20 <X< .35 .06<X<.10 .13<X<.21 .09<X<.14 

- Red Range X> .02 X>.07 X> .10 X> .14 X>.35 X>.10 X> .21 X>.14 

-
B-707/JT3D 

Average (X) 0.05 0 0.13 0 0.02 0.02 0 0.02 
Standard Dev. 0.14 0 0.29 0 0.07 0.06 0 0.06 
T-A........._. 'Pt.T---
.U..I.UU.~U3 .I.•V&&.I..& 

v _.. 10 
~ ........... .., n.., v ....... , ............_ n.., X<.09 X<.08 0 X<.08 

Yellow Range .19 <X< .33 0 .42 <X< .71 0 .09<X<.16 .08<X<.14 0 .08<X<.14 
Red Range X>.33 0 X> .71 0 X> .16 X> .14 0 X>.14 

DC-8/JT3D 
Average (X) 0.03 0.22 0.08 0.02 0.12 0.04 0.07 0.05 

Standard Dev. 0.1 0.3 0.21 0.06 0.34 0.08 0.19 0.13 
Industry Norm X< .13 X<.52 X<.29 X<.08 X< .46 X<.12 X<.26 X<.18 

Yellow Range • 13 <X< .23 .52 <X< .82 .29 <X< .50 .08<X<.14 .46 <X< .80 .12<X<.20 .26 <X< .45 .18 <X< .31 . 

L__ ______ 
Red Range X> .23 X>.82 X>.50 X> .14 X>.80 X>.20 X>.45 X> .31 I 



TABLE 3: IN-FLIGHT SHUTDOWN CALCULATIONS (CONTINUED) 

B-767/CFG 
Average (X) 

Standard Dev. 
Indusby Norm 

Yellow Range 
Red Range 

JUN'89 

0 
0 
0 
0 
0 

JUL'89 

0 
0 
0 
0 
0 

AUG '89 

0.02 
0.05 

X<.07 
.07<X < .12 

X>.12 

SEP'89 

0 
0 
0 
0 
0 

OCT'89 

0.03 
0.07 

X<.10 
.10<X<.17 

X> .17 

NOV'89 

0 
0 
0 
0 
0 

DEC'89 

0.02 
0.05 

X<.07 
.07 <X< .12 

X> .12 

JAN'90 

0 
0 
0 
0 
0 

! 

-

B-DC-10/CFG 
Average (X) 

Standard Dev. 
Indusby Norm 

Yellow Range 
Red Range 

0.01 
0.03 

X<.04 
.04 <X< .07 

X>.07 

0.05 
0.06 

X<.ll 
.ll<X<.17 

X>.17 

0.01 
0.03 

X<.04 
.04 <X< .07 

X>.07 

0.05 
0.07 

X< .12 
.12<X<.19 

X> .19 

0.03 
0.05 

X<.08 
.08 <X< .13 

X> .13 

0.04 
0.04 

X<.08 
.08 <X< .12 

X> .12 

0.01 
0.02 

X<.03 
.03 <X< .05 

X>.05 

0.05 
0.07 

X<.12 
.12 <X< .19 

X> .19 

1\) 

B-707/Jf3D 
Average (X) 

Standard Dev. 
Indusby Norm 

Yellow Range 
Red Range 

0 
0 
0 
0 
0 

0.02 
0.07 

X<.09 
.09<X<.16 

X> .16 

0.03 
0.1 

X< .13 
.13 <X< .23 

X>.23 

0 
0 
0 
0 
0 

0.07 
0.16 

X<.23 
.23 <X< .39 

X>.39 

0.13 
0.25 

X<.38 
.38 <X< .63 

x>.63 

0.09 
0.16 

X<.25 
.25 <X< .41 

X> .41 

0.04 
0.12 

X< .16 
.16<X<.28 

X>.28 

DC-8/Jf3D 
Average (X) 

Standard Dev. 
lndusby Norm 

Yellow Range 
Red Range 

0.08 
0.16· 

X<.24 
.24 <X< .40 

X>.40 

0.07 
0.15 

X<.22 
.22 <X< .37 

X>.37 

0.13 
0.18 

X<31 
.31 <X< .49 

X>.49 

0.06 
0.13 

X< .19 
.19 <X< .32 

X>.32 

0.06 
0.14 

X<.20 
.20 <X< .34 

X>.34 

0.13 
0.28 

X< .41 
.41 <X< .69 

X>.69 
L__, 

0.1 
0.17 

X<.27 
.27 <X< .44 

X>.44 

0.09 
0.19 

X<.28 
.28 <X< .47 

X>.47 
--------------

,, ~ 



~ 

TABLE 4: ENGINE REMOVAL CALCULATIONS 

FEB'88 MAR'88 APR'88 MAY'88 JUN'88 JUL'88 AUG'88 SEPT'88 
B-727/JTBD 

. Average (X) 0.15 0.12 0.08 0.15 0.12 0.17 0.14 0.1 
Standard Dev. 0.37 0.16 0.14 0.25 0.17 0.25 0.19 0.2 
Industry Norm X< .52 X< .28 X<.22 X<.40 X<.29 X< .42 .X<.33 X<.30 

Yellow Range .52 <X< .93 .28 <X< .44 .22 <X< .36 .40 <X< .65 .29 <X< .46 .42 <X< .67 .33<X< .52 .30<X< .50 
Red Range X>.93 X> .44 X>.36 X>.65 X> .46 X>.67 X> .52 X>.50 

B-737/JTBD ' 

Average (X) 0.16 0.16 0.1 0.09 0.12 0.08 0.11 0.12 
Standard Dev. 0.24 0.25 0.14 0.17 0.19 0.17 0.17 0.18 
Industry Norm X< .40 X< .41 X<.24 X<.26 X<.31 X<.25 X<.28 X<.30 

Yellow Range .40 <X< .64 .41 <X< .66 .24 <X< .38 .26 <X< .43 .31<X <.50 .25 <X< .42 .28 <X< .45 .30 <X< .48 

- Red Range X>.64 X> .66 X>.38 X>.43 X>.50 X> .42 X> .45 X> .48 

CH 

DC-9/JTBD 
Average (X) 0.12 0.19 0.14 0.14 0.21 0.1 0.14 0.14 

Standard Dev. 0.16 0.23 0.16 0.2 0.29 0.11 0.16 0.16 
-- -· . 

Industry Norm X<.28 X< .42 X<.30 X<.34 X<.50 X< .21 X<.30 X<.30 
Yellow Range .28 <X< .44 .42 <X< .65 .30 <X< .46 .34 <X< .54 .50 <X< .79 .21 <X< .32 .30<X< .46 .30 <X< .46 

Red Range X> .44 X>.65 X>.46 X>.54 X>.79 X>.32 X> .46 X>.46 

A-300/CF6 
Average (X) 0.31 0.42 0.26 0.39 0.26 0.37 0.22 0.33 

Standard Dev. 0.11 0.11 0.22 0.46 0.23 0.3 0.21 0.29 
Industry Norm X<.42 X<.53 X< .48 X<.85 X< .49 X<.67 X< .43 X<.62 

Yellow Range .42 <X< .53 .53 <X< .64 .48 <X< .70 .85<X< 1.31 .49 <X< .72 .67 <X< .97 .43 <X< .64 .62 <X< .91 
Red Range X> .53 X>.64 X>.70 X> 1.31 X>.72 X>.97 X>.64 X> .91 



TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 

OCT'88 NOV'88 DEC'88 JAN'89 FEB'89 MAR'89 APR'89 MAY'89 

B-727/Jf8D 
Average (X) 0.1 0.07 0.07 0.07 0.12 0.1 0.15 0.08 

Standard Dev. 0.2 0.11 0.12 0.14 0.2 0.13 0.25 0.09 
Indusby Norm X<.30 X< .18 X< .19 X< .21 X<.32 X<.23 X< .40 X<.l7 

Yellow Range .30 <X< .50 .18 <X< .29 .19<X<.31 .21 <X< .35 .32 <X< .52 .23 <X< .36 .40 <X< .65 .17 <X< .26 
Red Range X>.50 X>.29 X> .31 X>.35 X>.52 X>.36 X>.65 X>.26 

B-737/Jf8D 
Average (X) 0.13 0.12 0.11 0.13 0.9 0.08 0.06 0.08 

Standard Dev. 0.24 0.21 0.17 0.2 0.15 0.15 0.1 0.11 
Indusby Norm X<.37 X<.33 X<.28 X<.33 X<.26 X<.23 X<.l6 X< .19 

Yellow Range .37<X< .61 .33 <X< .54 .28 <X< .45 .33 <X< .53 .26 <X< .41 .23 <X< .38 .16 <X< .26 .19 <X< .30 

- Red Range X>.61 X>.54 X> .45 X>.53 X> .41 X>.38 X>.26 X>.30 
A 

DC-9/Jf8D 
Average (X) 0.14 0.19 0.1 0.13 0.3 0.16 0.18 0.12 ' I 

Standard Dev. 0.25 0.21 0.15 0.17 0.47 0.27 0.28 0.16 ! 

Indusby Norm X<.39 X<.40 X<.25 X<.30 X<.77 X<.43 X< .46 X<.28 I 

' 

Yellow Range .39 <X< .64 .40<X< .61 .21 <X< .40 .30<X< .47 .77 <X< 1.24 .43 <X> .70 .46 <X< .74 .28<X< .44 
Red Range X>.64 X>.61 X> .40 X>.47 X> 1.24 X>.70 X>.74 X>.44 

• 

A-300/CF6 
Average (X) 0.23 0.44 0.38 0.28 0.53 0.73 0.15 0.4 

Standard Dev. 0.28. 0.22 0.21 0.31 0.41 0.68 0.1 0.41 _: 

Indusby Norm X< .51 X<.66 X<.59 X<.94 X<.94 X< 1.41 X<.25 X<.81 
Yellow Range .51 <X< .79 .66 <X< .88 .59 <X< .80 .59 <X< .90 .94 <X< 1.35 1.41 <X< 2.m .25 <X< .35 81 <X< 1.22 

Red Range X>.79 X>.88 X>.80 X>.90 X> 1.35 X> 2.09 X>.35 X> 1.22 

'· 



II 

TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 

JUN'89 JUL'89 AUG'89 SEP'89 OCT'89 NOV'89 DEC'89 JAN'90 
B-727/.ITSD 

Average (X) 0.11 0.16 0.12 0.07 0.09 0.07 0.06 0.1 
Standard Dev. 0.17 0.21 0.19 0.11 0.15 0,09. 0.11 0.16 
Industry Norm X<.28 X<.37 X<.31 X< .18 X<.24 X<.16 X<.l7 X<.26 

Yellow Range .28 <X< .45 .37<X< .58 .31 <X< .50 .18 <X< .29 .24 <X< .39 .16 <X< .25 .17 <X< .28 .26 <X< .42 
· RedRange X> .45 X>.58 X>.50 X>.29 X> .39 X>.25 X> .28 X> .42 

B-737/.ITSD 
Average (X) 0.15 0.08 0.12 0.08 0.06 0.05 0.08 0.13 

Standard Dev. 0.22 0.13 0.16 0.13 0.11 0.09 0.1 0.18 
Industry Norm X<.37 X<.21 X<.28 X< .21 X< .17 X< .14 X<.18 X< .31 

Yellow Range .37 <X< .59 .21 <X< .34 .28 <X< .44 .21<X<.34 .17 <X< .28 .14 <X< .23 .18 <X< .28 .31 <X< .49 

- Red Range X>.59 X>.34 X>.44 X>.34 X>.28 X>.23 X> .28 X>.49 
en 

DC-9/.ITSD 
Average (X) 0.1 0.11 0.19 0.14 0.1 0.1 0.12 0.12 

Standard Dev. 0.12 0.15 0.25 0.19 0.14 0.12 0.15 0.13 
Industry Norm X<.22 X<.26 X<.44 

............ 
A<,.>.> 

...... ,.., .. 
A<,..C."i" " - nnA.._ ,..&..&. " -~' "'"'.MI 

'V - oc:: ..n.' .~..., 

Yellow Range .22 <X< .34 .26 <X< .41 .44<X< .69 .33 <X< .52 .24 <X< .38 .22 <X< .34 .27<X< .42 .25 <X< .38 
Red Range X>.34 X>.41 X>.69 X>.52 X>.38 X> .34 X>.42 X> .38 

A-300/CF6 .. 
Average (X) 0.55 0.19 0.3 0.25 0.25 0.33 0.29 0.35 

Standard Dev. 0.59 0.25 0.15 0.13 0.13 0.27 0.11 0.15 
Industry Norm X< 1.14 X<.44 X<.45 X<.38 X<.38 X<.60 X<.40 X<.50 

Yellow Range 1.14 <X< 1.7~ .44 <X< .69 .45 <X< .60 .38 <X< .51 .38 <X< .51 .60<X< .87 .40 <X< .51 .50<X< .65 

L...-.._____ 
Red Rang~

----- - ~ 
X> 1.73 X>.69 X>.60 X> .51 X> .51 X>.87 X>.51 X>.65 



TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 

B-767/CFG 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

FEB'88 

0.14 
0.18 

X<.32 
.32 <X< .50 

X>.50 

MAR'88 

0.14 
0.18 

X<.32 
.32 <X< .50 

X>.50 

APR '88 

0.06 
0.07 

X<.l3 
.13<X< .20 

X>.20 

MAY'88 

0.09 
0.1 

X< .19 
.19<X<.29 

X> .29 

JUN'88 

0.08 
0.1 

X<.l8 
.18<X<.28 

X>.28 

JUL'88 

0.15 
0.11 

X<.26 
.26 <X< .37 

X>.37 

AUG'88 

0.09 
0.08 

X<.l7 
.17 <X< .25 

X>.25 

SEPT'88 

0.1 
0.13 

X<.23 
.23 <X< .36 

X>.36 

0\ 

DC-10/CFG 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

0.23 
0.16 

X<.39 
.39 <X< .55 

X>.55 

0.25 
0.23 

X<.48 
.48 <X< .71 

X> .71 

0.17 
0.15 
<.32 

.32 <X< .47 
X>.47 

0.29 
0.42 

X<.71 
.71 <X< 1.13 

X> 1.13 

0.22 
0.25 

X<.47 
.47<X< .72 

X>.72 

0.2 
0.21 

X<.41 
.41 <X< .62 

X>.62 

0.31 
0.29 

X<.60 
.60<X< .89 

X>.89 

0.18 
0.26 

X<.44 
.44<X< .70 

X>.70 

B-707/JT3D 
Average (X) 0.21 

Standard Dev. 0.48 
Industry Norm X<.69 

Yellow Range .69 <X< 1.17 
Red Range X> 1.17 

0.11 
0.21 

X<.32 
.32 <X< .53 

X> .53 

0.06 
0.17 

X< .23 
.23<X< .40 

X>.40 

0.04 
0.15 

X< .19 
.19 <X< .34 

X> .34 

0.04 
0.12 

X<.l6 
.16 <X< .28 

X>.28 

0.09 
- 0.19 

X<.28 
.28 <X< .47 

X>.47 

0.29 
0.55 

X<.84 
.84 <X< 1.39 

X> 1.39 

0.05 
0.16 

X< .21 
.21 <X< .37 

X>.37 

DC-8/JT3D 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

0.09 
0.2 . 

X<.29 
.29 <X< .49 

X>.49 

0.17 
0.29 

X<.46 
.46 <X< .75 

X>.75 

0.17 
0.27 

X<.44 
.44 <X< .71 

X> .71 

0.2 
0.32 

X<.52 
.52 <X< .84 

X>.84 

0.05 
0.12 

X<.l7 
.17 <X< .29 

X>.29 
------

0.11 
0.08 

X< .31 
.31 <X< .51 

X>.51 

0.08 
0.14 

X<.22 
.22 <X< .36 

X>.36 
-- --

0.1 
0.18 

X<.28 
.28 <X< .46 

X>.38 
--

,, 
'-· 



TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 

B-767/CFG 
· Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

OCT'88 

0.15 
0.15 

X<.30 
.30 <X< .45 

X> .45 

NOV'88 

0.09 
0.11 

X< .20 
.20 <X< .31 

X> .31 

DEC'88 

0.15 
0.11 

X< .26 
.26 <X< .37 

X> .37 

JAN'89 

0.17 
0.13 

X< .30 
.30 <X< .43 

X> .43 

FEB '89 

0.17 
0.07 

X<.24 
.24 <X< .31 

X> .31 

MAR '89 

0.08 
0.08 

X<.16 
.16 <X< .24 

X>.24 

APR '89 

0.31 
0.3 

X< .61 
.61<X<.91 

X> .91 

MAY'89 

0.12 
0.18 

X<.30 
.30 <X< .48 

X> .48 

-

DC-10/CF6 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

0.09 
0.12 

X<.21 
.21 <X< .33 

X> .33 

0.21 
0.22 

X< .43 
.43 <X< .65 

X>.65 

0.21 
0.23 

X<.44 
.44 <X< .67 

X> .67 

0.08 
0.11 

X< .19 
.19<X<.30 

X>.30 

0.23 
0.26 

X<.49 
.49 <X< .75 

X>.75 

0.29 
0.42 

X<.71 
.71 <X< 1.13 

X> 1.13 

0.24 
0.3 

X<.54 
.54 <X< .84 

X>.84 

0.13 
0.15 

X<.28 
.28 <X< .43 

X>.43 

........ 

B-707/Jf3D 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 
Red Range 

0.05 
0.14 

X< .19 
.19 <X< .33 

X>.33 

0.09 
0.25 

X<.34 
.34<X< .59 

X> .59 

0.1 
0.23 

X<.33 
.33 <X< .56 

X> .56 

0.04 
0.1 

X< .14 
.14 <X< .24 

X> .24 

0.09 
0.28 

X<.37 
.37 <X< .65 

X>.65 

0.02 
0.06 

X<.08 
.08<X<.14 

X> .14 

0.02 
0.06 

X<.U8 
.08<X<.14 

X> .14 

0.14 
0.31 

X< .45 
.45<X< .76 

X>.76 

DC-8/JT3D 
Average (X) 

Standard Dev. 
Industry Norm 

Yellow Range 

'-- __ ~d Range 

0.1 
0.26 

X<.36 
.36 <X< .62 

X>.62 

0.16 
0.22 

X<.38 
.38 <X< .60 

X>.60 

0.14 
0.26 

X<.40 
.40 <X< .66 

X>.66 

0.11 
0.3 

X< .41 
.41<X<.71 

X> .71 

0.16 
0.37 

X<.53 
.53<X< .90 

X>.90 

0.11 
0.21 

X<.32 
.32 <X< .53 

X>.53 

0.06 
0.12 

X< .18 
.18 <X< .30 

X>.30 

0.11 
0.19 

X<.30 
.30<X< .49 

X>.49 



TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 

JUN'89 JUL'89 AUG'89 SEP'89 OCT'89 NOV'89 DEC'89 JAN'90 
B-767/CFG 

Average (X) 0.09 0.24 0.3 0.24 0.19 0.13 0.02 0 
Standard Dev. 0.07 0.14 0.19 0.17 0.16 0.14 0.08 0.12 
Industry Norm X<.16 X<.38 X<.49 X< .41 X<.35 X<.27 X<.20 <.22 

Yellow Range .16<X<.25 .38 <X< .52 .49 <X< .68 .41 <X< .58 .35 <X< .51 .27<X< .41 .20<X< .28 .22 <X< .34 
Red Range X>.25 X>.52 X>.68 X>.58 X> .51 X> .41 X>.28 X>.34 

B-DC-10/CFG 
Average (X) 0.18 0.25 0.1 0.19 0.15 0.07 0.1 0.16 

Standard Dev. 0.2 0.2 0.1 0.16 0.14 0.08 0.09 0.17 
Industry Norm X< .38 X<.45 X<.20 X< .35 X< .29 X< .15 X< .19 X<.33 

Yellow Range .38 <X< .58 .45 <X< .65 .20 <X< .30 .35 <X< .51 .29 <X< .43 .15 <X< .23 .19<X< .28 .33 <X< .50 
Red Range X>.58 X>.65 X>.30 X> .51 X>.43 X>.23 X>.28 X>.50 

-Q) 

B-707/JrSD 
Average (X) 0 0.08 0.05 0.15 0.21 0.13 0.09 0.07 

Standard Dev. 0 0.16 0.11 0.25 0.33 0.25 0.2 0.13 
Industry Norm 0 X<.24 X< .16 X<.40 X<.54 X<.38 X<.29 X<.20 

Yellow Range 0 .24 <X< .40 .16<X< .27 .40 <X< .65 .54 <X< .87 .38 <X< .63 .29 <X< .49 .20 <X< .33 
Red Range 0 X> .40 X> .27 X>.65 X>.87 X> .63 X>.49 X>.33 

DC-8/Jf3D 
Average (X) 0.02 0.06 0.09 0.07 0.09 0.13 0.12 0.07 

Standard Dev. 0.06• 0.14 0.15 0.16 0.13 0.28 0.21 0.16 
Industry Norm X<.08 X<.20 X<26 X<.23 X<.22 X< .41 X<.33 X<.23 

Yellow Range .08<X<.14 .20 <X< .34 .26<X< .41 .23 <X< .39 .22<X< .35 .41 <X< .69 .33 <X< .54 .23 <X< .39 
Red Range X> .14 X>.34 X> .41 X>.39 

---
X>.35 

-----
X>.69 
--

X>.54 X>.39 
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FIGURE 1 - SAMPLE DATA COMPARING AIRUNE ABC TO TilE REST OF THE 
INDUSTRY FOR B-727Jf8D UNSCHEDULED ENGINE REMOVAL RA1ES. 
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B-727 ENGINE INFIJGHf SHUIDOWN 
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FIGURE 2 - SAMPlE DATA COMPARING AIRlJNE ABC 10 TI-lE REST OF THE 
INDUSIRY FOR B-727 JI8D IN-FUGHr ENGINE SHUIDOWN RA1ES . 
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TABLE 5: B-727/JTSD AIRLINE MACRO SCAN 

Ranking of masked airlines operating B-727 and JTSD which experienced higher than 
normal m-flfght shutdowns and engine removals 

AIRLINE %In-Flight RaDJdngof % J!:ngtne Rankfngof 
Shutdown Shutdown ReJDOVal EDg:lne Removal 

Ez:ceedance Ez:ceedance Ez:ceedance Ez:ceedance 

OPO 62.50% 1 100.00% 1 
ABC 58.30% .2 29.00% 11 
GGA 25.00% 4 22.80% 14 
RAB 20.80% 8 25.00% 9 
DDA 20.70% 10 27.80% 7 
BKB 20.60% 11 24.90% 12 
FFF 18.50% 12 37.50% 4 
Gill 18.50% 13 23.80% 13 
XYZ 16.60% 14 19.30% 19 
CTA 12.50% 17 26.90% 8 
ppp 12.50% 18 16..60% 21 
FPC 20.80% 9 4.0()0.,-i, 26 

TABLE 6: B-737/JTSD AIRLINE MACRO SCAN 

Ranking of masked airlines operating B-737/JTSD which experienced higher than 
normal m-flfght shutdowns and engine removals 

AIRLINE %In-Flight Ranking of %Engine Ranking of 
Shutdown Shutdown Romoval Engine Removal 

Ez:ceedance Ez:ceedance Exceedance Exceedance 

CTA 25.00% 1 51.90% 1 
RAB 22.80% 3 26.30% 3 
NNN 24.90% 2 18.60% 5 
ABC 20.80% 4 16.60% 7 
MNO 20.80% 5 16.60% 8 
GGA 16.60% 6 20.80% 4 
FPC 16.60% 7 10.30% 12 
www 14.50% 8 13.80% 11 
Gill 12.50% 9 15.20% 10 

PVK 12.50% 11 29.00% 2 
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TABLE 7: DC-9/JTSD AIRLINE MACRO SCAN 

Ranking of masked airlines operating DC-9/JrSD which expertenced higher than 
normalin-tlfght shutdowns and engtne removals 

AIRLINE %In-Flight 
Shutdown 

Ezceed.ance 

CTA 33.30% 
BKB 14.50% 
GGA 14.40% 
ODD 12.30% 
XYZ 15.20% 
FPC 12.40% 
LWZ 12.40% 

TABLE 8: 

RaDidDgof 
Shutdown 

Ezceed.ance 

1 
3 
4 
7 
2 
5 
6 

%Engtne RaDidDg of 
RemcmLl Engtne Removal 

Ezceedance Ezceedance 

45.80% 2 
16.60% 8 
17.90% 7 
43.60% 3 
6.00% 15 
12.50% 11 
20.70% 6 

A-300/CFS AIRLINE MACRO SCAN 

Ranking of masked airlines operating A-300/CFS which expertenced higher than 
normalin-tlfght shutdowns and engtne removals 

AIRLINE % In-FUght 
Shutdown 

Ezceed.ance 

ABC 17.00% 
XYZ 13.00% 
DDA 17.00% 
CTA 13.00% 

RaDkiDg of 
Shutdown 

Ezceed.ance 

1 
4 
2 
3 

%Engtne 
RemcmLl 

Ezceed.ance 

RaDidDgof 
EDgt.ne Removal 

Ezceed.ance 

17.00% 
21.00% 
13.00% 
8.00% 

2 
1 
3 
4 
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TABLE 9: B-767/CF6 AIRLINE MACRO SCAN 

Ranking of masked airlines operating B-767/CF6 which exp1~rtenced higher than 
normal in-flJght shutdowns and engine removals 

AIRLJNE %In-Flight Raukiugof %:Engtne Ranking of 
Shutdown Shutdown Rt!moval Engine Removal 

Exceedance Exceedance Ezceedance Exceedance 

FPC 13.00% 1 29.00% 1 
DDA 8.00% 2 25.00% 2 
sss 4.00% 3 4.00% 3 

TABLE 10: DC-10/CF6 AIRLINE MACRO SCAN 

Ranking of masked airlines operating DC-10/CF6 which expertenced higher than 
normal in-flJght shutdowns and engine removals 

AIRLINE %In-Flight Ranking of %:Eu.gtne Ran.ldng of 
Shutdown Shutdown REmoval Engine Removal 

Exceedance Exceedance Ezceedance Exceedance 

DEF 23.00% 1 29.00% 2 
RAB 23.00% 2 1:3.00% 5 
CfA 14.50% 4 38.00% 1 
DDA 15.70% 3 1!5.30% 4 
TMR 10.50% 5 2!~.()()0,.(, 3 
XYZ 4.00% 6 1:3.00% 6 
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TABLE 11: B-707/JT30 AIRLINEMACRO SCAN 

Ranking of masked airlines operating B-707 /JT3D which experienced higher than 
nomup 1n-fUght shutdowns and engine remcMlls 

AIRLJNE % In-Fllght - _.._. 
of %Engine Rauklugof 

Shutdown Shutdown Removal Ezl&lne Removal 
EzceeclaDce El:ceeclance Ezceeclance Ezceeclance 

UNS 50.00% 1 54.00% 1 
MMM 46.00% 2 50.00% 2 
z:zz 8.00% 3 21.00% 3 
VOl 4.00% 4 4.00% 5 
TIT 4.00% 5 4.00% 6 

TABLE 12: DC-8/JT3D AIRLINE MACRO SCAN 

Ranking ofmasked airlines operating DC-8/JT3D which experienced higher than 
normalin-fUght shutdowns and engine removals 

AIRLINE %In-Flight Ranking of %Engble Rauldug of 
Shutdown Shutdown Removal EDgtne Removal 

Ezceeclance Ezceeclance EzceeclaDce Ezceeclance 

JJJ 50.00% 1 46.00% 2 
RCW 29.00% 3 58.00% 1 
XCU 31.00% 2 27.00% 3 
ITA 25.00% 4 23.00% 5 
yyy 25.00% 5 25.00% 4 
ZOG 21.00% 6 17.00% 8 
ANO 17.00% 7 21.00% 6 
HHH 10.50% 9 15.00% 9 
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COMPQNENT FAILURE RESULTS 

Based on the results from the actuarial analysts. 10 airlines operating JTSD engines were 
further analyzed to identlfy which engine components caused 1he higher than normal 
shutdown and removal rates. The operators. analyzed by airframe. included eight operators of 
B-727, five operators ofB-737 and five DC-9 operators. Note, that four operators were 
identlfied as having high exceedances while operating two of these airframes and two 
operators had high exceedances while operating JT8Ds on all three airframe models. Table 13 
lists the masked airlines and their airframe models. 

TABLE 13: MASKED AIRLINES OPERATING JT8D ENGINES WTIH VARIOUS 
AIRFRAMES IDENTIFIED FOR COMPONENT PERFORMANCE ANALYSIS 

Configuration of Performance Summary 

B-727 /JTSD B-737 /JT8D DC-9/JTSD 

BKB erA erA 
DDA MNO ODD 
erA RAB GGA 
XYZ GGA XYZ 
OPO DOD BKB 
GGA 
ABC 
RAB 
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TABlE 14: JI'SD COMPONENT FAILURE TRENDS 1983 10 1990 

Data Obtained From Air Carriers Consistently Exceeding Engine Fleet Norm Of 
in-flight Shutdowns And Engine Removals 

TQTAL FAILURES FAILING COMPONENTS 

39 BlEED AIR DUCTS AND VALVES 

• 8th Stage Duct Cracking 
• 13th Stage Duct Cracking 
• Stuck Valve/Wired Open, Etc. 
• Other 

64 MAIN BEARING 

• #3 Main Bearing 
• #4 Main Bearing 
• Gearbox Bearings 
• Other 

107 OIL SYSTEM FAILURES 

• 0-Ring Packing Cracked/Pinched
• Bypass Switch/Line
• Oil Pump
• #6 Bearing 011 Tube Leak 
• Oil Line Leaks 
• Carbon Plugging of 011 Screen 
• 011 Screen Studs Stripped/ 

Pulled Loose 
• 011 Cap Unsecured 
• 011 Pressure Relief Valve 
• Other 

13 ENGINE CASE FAILURE 

• Fan 
• Intermediate 
• Diffuser 
• Other 

MJMBEROF 
OCCURRENCES 

4 
14 
2 

19 

32 
7 

10 
15 

6 
8 
9 

16 
1 
5 

5 
9 
5 

43 

4 
3 
3 
3 
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128 

TABlE 14. JTBD COMPONENT FAIWRE TRENDS 1983 TO 19!K> (CONTINUED) 

FUEL SYSTEM FAILURES 

• Fuel Control/Pump 54 
• Fuel Nozzle Coking 17 
• Fuel/Oil Heater 27 

- Housing 1 
- Gasket 2 
- Valve Wired Open 10 

• Other 17 

189 FAN/COMPRESSOR/TURBINE BLADE/VANE FAILURES 

• Fan Blades 14 
• Compressor Blades 34 
• Compressor Stators 8 
• Turbine Vanes 6 

- 1st Stage 
- Other Stages 

• Turbine Blades 85 
- 1st Stage 
- 2ndStage 
- 3rdStage 
- 4th Stage

• Other 42 

The SDR data base was searched for any engine component dffflcultles reported for these 10 
airlines over the time period from 1983 through April 1990. Table14 summarizes these 
failures by general engine components. 

Actual failures as submitted to the SDR data base by the 10 masked airlines are shown in 
appendix A. 

The JTBD engine has an excellent reliability record and this ad:uarial review did not document 
any serious, safety-of-flight component failure patterns. How~~er, this actuarial analysis did 
document some reliability problems, some of which are being worked by the prime engine 
manufacturer, requiring prompt installation of improved rel:lability configurations. 

The JTBD engine SDR review identified two hard failure items in the #3 main bearing and the 
#4.5 to #6 bearing oil tube. Pratt & Whitney Aircraft (PWA) has been redesigning the #3 
bearing for some time and testing improved configurations. An enhanced bearing should be 
available soon for airline installation. The #4.5 to #6 bearing oil tube cracking problem has 
some serious operational impacts. Typically, cracking in this tube permits vast oil leaks with 
resultant drop in oil pressure and rise in oil temperature. The engine is shut down during these 
occurrences and the flight diverted or returned to its originating station. A SUIIlillaiY review of 
the failure history of this item shows the #4.5 to #6 bearing oil supply tube experienced 
cracking in the tube area as it fits through the engine exhaust ease. The PWA initial response 
to this problem resulted in the use of a helical tube to stiffen the oil tube area and this fix was 
incorporated by Service Bulletin 4711. Unfortunately, the stW:ened tube vibrated severely 
within the operating resonance of the engine itself and the incidents of cracking increased. 
Service Bulletin 5465 was released and it identified a different method of tube stiffening. This 
SB is available for incorporation. However, the SB 4711 confil~ured oil tubes are still installed 
in the majority of the JTBD engine fleet and require some fonn of inspection to assure safe 
operation. 
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Several wear and tear failure patterns were obsetved during this actuarial review. The two 
most notable obsetvations involved turbine blade failures and the failure of the 13th stage 
bleed aJr duct. The turbine blade failures were all reported as being contained failures and the 
random failure pattern among the four stages of the turbine appear to be the result ofwear and 
tear of this rotating hot section component. The 13th stage bleed aJr duct failures were another 
one of those failures causing dramatic operational trnpacts. The hot bleed aJr exiting through 
the cracked duct walls or broken mounting flanges inevitably causes fire warning lights 
and/or bells to respond. The flight crew reaction to fire warning lights is to retard the throttle 
and check other engine parameters to verify the nature of the problem. Even if the analysis of 
engine performance data shows an engine fire has probably not occurred, the engine is 
normally shut down as a safety/economical precaution. The shut down logic is more prevalent 
on the three engine B-727 than it is on the twin engine DC-9 or B-737. No specific cracking 
pattern was discernable, although cracking in the mounting flange and holding bracket area 
was the dominant location. This item was not considered part of the engine and therefore the 
cracking problem is not being addressed by the prtrne engine manufacturer. The continued 
cracking in this bleed aJr duct requires an inspection procedure to be developed for follow-on 
operating assurance. 

The SDR review also identified some diagnostic troubleshooting problems and some 
maintenance practices problems experienced by certain carriers. The most prevalent 
diagnostic troubleshooting obsetvation involved engine fuel control and fuel pump removals 
for suspected malfunctions. However, the description of the maintenance actions taken as 
recorded in the SDR's indicated that two possible problems existed: (1) current instructions 
were vague in regard to diagnostic troubleshooting of these two fuel system items, or (2) 
existing diagnostic procedures were not being followed by maintenance personnel. There is 
also the possibility that a combination of the two causes exists. 

The analysis also identified maintenance practices as contributing to in-flight shutdowns. 
iYPical maintenance practices problems included: engine oil cap unsecured, fuel/oil heater 
valve wired open, oil screen studs pulled loose, and oil seals pinched. These practices often 
resulted in loss of power or loss of oil with the resultant engine shutdown and unscheduled 
engine removal. However, diagnostic troubleshooting problems and maintenance practices 
were not within the scope of this study effort and no further conclusions are offered on these 
subjects. 

ENGINE CASE FAILURE ANALXSIS 

Due to the concern of engine cases lacking assigned service lives, an increased emphasis to 
identify all engine case failures was pursued. To this effect, 24 JTSD engine case failures were 
identified from the period of 1983 to 1990. Note that this number includes the 13 engine case 
failures previously identified for the 10 atrltnes in table 13 plus all other US airlines operating 
JTSD engines for that same period. 

A complete review, conducted with engineers at PWA, summarJzed and prioritized the 
criticality of these case failures. Discussion included background information on engine 
cases, case thicknesses, the manufacturing and welding processes, material properties, case 
failure modes, and current inspection methods. The two components of greatest concern in the 
24 engine case failures were the weld seams along the flanges, and the drain boss welds. Both 
areas are currently inspected ultrasonically in the field. 

For the weld seam inspection, a special carriage scanner was designed by PWA The carriage 
scanner has rollers on each end of it and is used to hold the ultrasonic probe as it travels along 
the seam welds of the case. Water is gravity-fed from a bottle to the transducer as a couplant. 
The carriage scanner Inspects the engine case flange a full 360 degrees. The test is calibrated 
using a spectrnen with an electrical discharge machined (EDM) notch in order to establish 
proper ultrasonic settings. 
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Prior to the test. calibration is performed on a known location on the eng1ne case. ensurtng 
proper placement and the use of sufficient couplant. Signal amplitude and locations are 
recorded by hand on a data sheet when crack indications are detected. Data are recorded along 
one line of scanning. The PWA engineers indicated that future 'engine case destgns will . 
eliminate the need for the weld along the flange. 

The second inspection is of the outer combustor case drain boss weld areas. PWA's current 
inspection for cracks in these areas employs a transducer holder plate with two angle beam 
transducers in fixed positions to inspect an arc of about 80 deg11ees of the boss weld (shown in 
F1gure 3). A calibration standard with two EDM notches is used to perform the pre-test 
calibration. The transducer plate. mounted on the end of a pole. enables the inspector to access 
the boss welds through the engine exhaust nozzle. Couplant is applied using a hypodermic 
tube. With the transducer in place. a trained inspector perfomlS the inspection and interprets 
the test results from a portable ultrasonJc instrument. The ulb"assnic instrument is set so that 
a 0.5 inch crack in the weld area will produce a signal indication of 50 percent of the vertical 
screen height. It should be noted. however. that flaws or cra.ck:i ex1st1ng in the weld away from 
the bolt holes may not be detected. Although PWA has recently redesigned the outer combustor 
case and elJmin.ated the welds in the boss areas. it is believed that cases employing the welded 
drain bosses could be in use for the next decade. For this reaso:n. the major thrust of the SAIC 
NDI effort concentrated on improving the outer combustor case: drain boss weld inspection 
technique. 

-lOSS 

FIGURE 3 - PWA OUI"ER COMBUSI'OR CASE INSPECTION DESIGN 

Figure 4 shows the Jr8D engine and the locations of the three drain bosses. A drain tube is 
attached to the forward drain boss at a slanted angle. The drain tube will cause restricted 
clearance in an approximately 20 degree region where no ultra::;onJc data can be taken. 

ULTRASQNIC SCANNER DESIGN 

Preliminary laboratory work demonstrated the feasibility of developing an automated 
ultrasonJc probe capable of surveying 240 degrees of the circumferential area around the drain 
welds. Close coordination was maintained during the development effort with the PWA 
engineers. 

Although defects often occur in the weld near the rear bolt hole. defects can also exist at other 
areas in the weld. Several designs were considered by SAIC to Inspect defects around the drain 
boss weld. One design used multiple angle-beam transducers. adjacent to each other. By 
multiplex pulsing each transducer, an ultrasonic signal would probe the weld area from each 
transducer location. This method is adequate for boss weld inspection, but for components of 
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dtlierent shapes, multiple transducers would not be applicable. Since a new scanner was to be 
designed, applicability of the scanner to other engine case components was considered during 
the prelfminary design stage. 

The concept of the new scanner was to use a single transducer, carried by a motorized 
mechanism with remote control, to scan around the weld area. The transducer would increase 
step-wise radially, and move circumferentlally around the center of the boss weld for a 
complete inspection. The transducer would have an appropriate beam angle, beam size, and 
frequency to provide best detectability and highest resolution. 

The motorized boss weld scanner is driven by two 4-watt small DC motors and maintains 
position via an encoder system. A drawing of the scanner is shown in figure 5. The small 
motors are products of Maxon Precision Motors. The length of the rotating arm assembly of 

·the scanner is 9.917 inches diameter of the boss plate, 9.042 inches and height of the scanner, 
1.337 inches. Figure 6 illustrates the prototype JI'SD boss weld scanner. For on-wing 
inspection, the scanner needs a pole to deliver the scanner from outside the engine, through the 
exhaust nozzle, to the boss welds inside. 

A major component of the motorized scanner is a base plate containing a slot to position the 
scanner on the boss weld. A track chain is attached to the base plate which guides the arm 
assembly to rotate around the boss weld 240 degrees for circumferential scanning. The gear 
ratio for driving the arm assembly is 500: 1 and the speed along the track is approximately 3 
inches per second. The transducer holder, mounted on the arm, can move rapidly toward and 
away from the boss weld center, at increments of 0.020 inches per step. The scanning will 
occur once each radial increment, with the transducer moving around the boss weld along the 
track. The angle beam will inspect the entire thickness of the welded case when the transducer 
travels radially around the circumference of the weld. 

Figure 7 shows a JI'SD boss weld specimen and a calibration standard in which two EDM 
notches were placed. The EDM notches are 0.5 inches long and 20 mils deep. Figure 8 shows 
the prototype scanners installed for calibration in the laboratory. The prototype scanner, the 
motion control box, and the Ultra Image Ill'rM equipment are presented in figure 9. Figure 10 
shows Ultra Image results of the calibration standard inspected with the prototype scanner. 
The two EDM notches are clearly imaged. Appendix B contains the Ultra Image IIJTM 
specifications. 

SCANNER DEMONSTRATION RESULTS 

On March 22, 1991, a final demonstration ofthe prototype scanner was performed at PWA's 
laboratory in East Hartford. Figure 11 presents results on a sample containing four simulated 
flaws in a welded region. The locations of the four flaws are identlfied by the lower slice in the 
figure. Figure 12 shows the result of a sample with no flaws in the weld. There is no signal 
exceeding detectable level in this scan. It should be noted that if a flaw were to exist in the boss 
weld, distinctive signals would serve as indications similar to those in the calibration 
standard. Using the new Ultra Image JVIM software, figure 13 shows the results of the 
calibration standard test (figure 10) in the display. Appendix C contains a sample procedure of 
how the prototype scanner may be used in the field for drain boss inspection. 
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JT8D SERIES ENGINE BUILD GROUPS 
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FIGURE 6 - PROTOTYPE MOTORIZED JT8D BOSS WELD SCANNER 
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FIGURE 7 - JT8D BOSS WELD SPECIMEN (LEFr) AND CALffiRATION STANDARD (RIGH1) 
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FIGURE 8 ·PROTOTYPE MOTORIZED JT8D BOSS WELD SCANNER ON 
CALIBRATION STANDARD 
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FIGURE 9 • UL1RA IMAGE ill TM WITrl PROTOTYPE SCANNER 

TESTING ON CALffiRATION STANDARD 
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CONCWSIONS 

The approach to determining JT8D engine component reliability problems by conducting an 
actuarial analysis of JT8D engine performance was successful. This analysis approach 
provided a comprehensive reliability oveiView of all JT8D engine operators, permitted 
identlftcation of abnormal trends, and resulted In the isolation of specific JT8D engine 
components. 

The Ultra Image IfiTM system provided an enhanced inspection procedure for JT8D engine 
outer combustor case boss welds. This inspection procedure pmvided a more comprehensive 
inspection and produced a permanent record of the weld condiUon. This enhanced capability 
would permit a damage tolerance assessment to be made ofJT8D engine outer combustor case 
welds. 

The following conclusions were developed from this study effOJt: 

1. The FAA Air Carrier Aircraft Utilization & Propulsion Heliability Report contains 
comprehensive actuarial historical information on commc::rcial aircraft engines. 

2. Trending of FAA actuarial information regarding ln-flJght shutdowns and unscheduled 
engine removals can document specific aircraft engine reliability for an air carrier. 

3. Review of component failures for a specific engine exhibiting a trend of excessive 
in-flight shutdowns and unscheduled engine removals can identify required 
modifications, non-destructive Inspection procedure enhancements, and poor 
maintenance practices. 

4. Enhanced ultrasonic inspection procedures can document cracking around the drain 
boss weld area of outer combustor cases on JT8D engines. 

5. A successful ultrasonic Inspection technique was developed and demonstrated for the 
JT8D engine outer combustor case drain boss area. 
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APPENDIX A 

COMPONENT PERFORMANCE BY DISGUISJa:D AIRLINE 

Appendbt A includes mformation gathered by FAA's Service DUftculty Reports (SDR) data 
base. It covers the tlmeframe of 1983 through April 1990 and speciftc Information obtained 
included the following: operating condition that occurred. which engine incurred the damage, 
aircraft model and serial number, engine model and serial number, airline that experienced 
the incident, and date of the incident. A brtef narrative was induded in this Information 
describing the inddent and corrective action taken The narra1ive documents 1f the take-off 
was aborted. if a flight tum-back occurred, or if the flight was diverted. This narrative also 
documents ifan engtne flameout occurred or if the engtne was shut down by the flight crew. 
This mformation is useful in determining the safety-of-flight scwertty of each failure. Some 
minor failures mJght produce engftfe ibuneouts. but after a restart and normal operating 
parameters were established on the engine the flight would continue to its scheduled 
destination Other failures produced severe vibration, massive oil pressure and quantity 
leaks. or resulted in the Exhaust Gas Temperature (EG'O exceeding the prescribed limits. These 
types of failures typically resulted in engine shutdown and rught turnback or diversion. 

This mformation was used to trend .ITSD performance by airline. aircraft model and year. 
The performance summary presented the following mformation: 

- Incident occurrence. whether the component failure causc::d an aborted take-off. flfght 
tum back. flight diversion. engine flameout I shutdown. or a combination thereof. 

- Total number of incident occurrences per year. 

- Identtllcation of the component failure that caused the incident occurrence. 

This in-depth component failure analysis was conducted on those masked airlines listed in 
table 13. 
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AIRLINE: BJm B-727 J'ERFORMANCE SUMMARY 

INClDEln' OCCDRRENCES 

Take-OtT Aborted. 
Fit Tum Back. 
Diverted 

2 2 3 5 1 

Engine Flameout/ 
Shutdown 

4 6 3 2 1 6 3 3 

Both Occum:nces 4 3 3 9 8 11 1 

Total Occurrences 4 10 6 7 12 17 19 5 2 

CY 83 84 85 86 87 88 89 90 

COMPONENT FAILURES 

Total 
Failures 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 
1983 1984 1985 1986 1987 1988 1989 1990 

11'.AII.URB 1TE1IIS 

# 3 & #4 Bearings 
# 6 Bearing Oil Tube 
Other Oil Tube 
on Sys Mamt EITors 
Fuel Control/Pump 
FanB1ades 
Compressor Blades 
Turbine Blades 
Fuel/OU Heater 

Valve/Manifold 
Other Failures 

1 

1 

2 
4 

1 

1 

3 

5 
10 

2 

1 

4 
7 

2 
3 

1 
6 

1 
1 

2 
4 

1 
5 
14 

4 

1 
3 

1 
1 

7 
17 

1 

2 
3 
2 
1 
4 

6 
19 

3 
1 

1 
5 

TIL 
5 
4 
7 
7 
3 
2 
9 
13 

1 
31 
82 

CY 83 84 85 86 87 88 89 90 
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AlRL1NE; CTA J-727 

INCIDENT OCCDBRJ!:l'fCES 

Take-Off' Aborted, 
Fit Tum Back, 2 
Diverted 

Engtne F1ameout/ 1 2 2 1 
Shutdown 

Both Occurrences 1 1 2 3 2 

Total Occ1urences 0 0 0 2 1 4 1 3 

CY 83 84 85 86 87 88 89 90 

COMPONENT FAILURES 

12 

10 

8 

Total 
Failures 6 

4 

2 

1983 1984 1985 1986 1987 1988 1989 1990 

!I'.AlLURE 1TEIIIS 

Bleed Air Manifold 1 4 5 
# 6 Bearing on Tube 1 1 
2nd Stg Turbme Disk 2 2 
Fan Disk 1 1 
Oil System Seals 1 1 2 
Turbine Blades 1 1 2 
Fuel System Items 2 2 
Compressor Blades 1 1 
FOD 2 2 
Other 2 1 3 

0 0 0 2 1 4 11 3 21 

CY 83 84 85 86 87 88 89 90 
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AJRLINEi DDA B-727 J'ERFOBMANCE SUMMARY 

INCIDElft OCCORBENCES 

Take-Off' Aborted. 
F1t Tum Back. 
Diverted 

Engine F1ameout/ 
Shutdown 

4 1 2 1 2 

Both OccurreDces 1 1 1 1 2 1 

Total Occummces 4 1 2 2 1 2 4 1 

CY 83 84 85 86 87 88 89 90 

COMPONENT FAILUFES 

5 
4.5 

4 

3.5 
3 

Total 2 5Fa1lUres • 
2 

1.5 

1 

0.5 
0 

1983 1984 1985 1986 1987 1988 1989 1990 . 

COMPONENT FAILURES 
1983 

4 
1984 

2 
1985 

2 
1986 

2 
1987 

1 
1988 

2 
1989 

5 
1990 

1 

FAIL'ORE 1'1"EEIS 

Bleed Afr Duct/Valve 
# 3 Bear1ng 

Gearbox Beapngs 
Fuel Control/PUmp 
Turbine Blades 
Seal Failures 
Other Failures 

2 
1 
1 

4 

1 

1 
2 

1 

1 
2 

1 
1 

2 

1 

1 

1 
1 

2 

1 

2 

2 
5 

1 

1 

3 
2 
2 
6 
1 
1 
4 
19 

CY 83 84 85 86 87 88 89 90 
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AIRLINE; rgz B-727 PERFORMANCE SUMMARX 

mcmENT occmmENCES 

Take-OffAborted. 
F1t Turn Back. 
Diverted 

6 6 11 5 3 5 

Engme F1ameout/ 
Shutdown 

1 2 13 8 2 2 2 

Both Qccum:nces 1 4 13 11 3 5 2 1 

Total Qccurrences 2 12 32 30 8 7 7 8 

CY 83 84 85 86 87 88 89 90 

COMPONENT FAILURES 

40 

35 

30 

25 

Total 20Failures 

15 

10 

5 

0 
1983 1984 1985 1986 1987 1988 1989 1990 

FAILURE lTEliiS 

Bleed .Air Ducts/Valve 
# 3 & #4 Bearmgs 
# 6 Bearing OU Tube 
OU Sys Maint Errors 
Fuel Control/Pump 
Fan Blades 
Compressor Blades 
Turbine Blades 
Combustion Chamber 
Tie Rod Bolt 
Fuel/OU Heater/ 

Valve Manifold 
Other FaUures 

1 

1 
2 

2 
3 

2 
2 

6 
15 

3 

2 
2 

1 
4 
3 
2 

21 
40 

3 
2 

3 
1 
2 
2 

1 
19 
31 

1 

2 

1 

1 
5 
10 

5 

1 

6 
12 

1 

1 

2 
4 

1 

7 
8 

5 
9 
2 
2 
13 
2 
5 
8 
5 
2 

2 
67 
122 

CY 83 84 85 86 87 88 89 90 
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AIRLINE; OPQ B-727 PEBFORMAl'fQ SUMMARy 

Take-Oft' Aborted, 
F1t Turn Back. 
Diverted 

Eng1ne flameout/ NO DATA ON OPO UNTIT.l989. 

Shutdown 

Total Occurrences 

CY 83 84 85 86 87 88 

(Note: No Data on OPO Until 1989) 

4 

3.5 

3 

2.5 

Total 2Failures 
1.5 

1 

0.5 

0 
1983 1984 1985 1986 1987 1988 1989 

I'.AILtJRJ!: lTJI:liiS 

Bleed Air Duct/Valve 
Fuel Pump 
Other Failures 

CY 83 84 85 86 87 88 
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0 

89 

1990 

1 

1 

89 

2 

3 

1 

6 

90 

TIL 
1 

3 3 
1 1 
4 5 

90 



.AJRLINE: GGA B-727 PERFORMANCE SUMMABY 

INCIDENT OCCURRENCES 

Take-OffAborted. 
Fit Tum Back. 
Diverted 

3 1 2 

Engfne F1ameout/ 
Shutdown 

3 2 2 2 1 1 

Both Oc::cum:nces 1 2 1 3 

Total Occurrences 4 2 2 2 5 3 2 4 

CY 83 84 85 86 87 88 89 90 

5 

4.5 
4 

3.5 
3 

Total 2 5FaJlures · 
2 

1.5 

1 

0.5 

0 

1983 1984 

COMPONENT FAILUI!ES 

1985 1986 1987 1988 1989 1990 

FAILURE ITEMS 

Bleed Afr Duct/Valve 
# 3/#4 Bearings 
# 6 Beanng OU Tube 
Ofl Sys Ma1nt Errors 
Compressor Blades 
Turbine Blades 
Fuel/Ofl Heater 

Valve Manifold 
Other FaUures 

4 

4 
2 
2 

1 

1 
1 

3 

1 
2 

1 
4 

2 

1 
1 

1 
5 

1 
1 

1 

3 

1 

1 

2 
4 
4 

5 
7 
2 
1 
1 
1 

1 
9 

27 

CY 83 84 85 86 87 88 89 90 

A-7 



AIRLINE; ABC B-727 PERlOBMANCE SUMMARY 

INCIDENT OCCCRRENCES 

Take-Off Aborted. 
F1t Tum Back. 4 5 3 6 7 
Diverted 

EngJne Flameout/ 6 7 7 3 8 7 
Shutdown 

Both Occurrences 4 5 3 5 5 

Total Oc::cuirences 6 15 17 0 9 19 19 0 

CY 83 84 85 86 87 88 89 90 

COMPONENf FAILURES 

9 

8 

7 

6 

Total 5 
Fatlures 4 

3 

2 

1 

0 
1983 1984 1985 1986 1987 1988 1989 1990 

J'AILtJRE lTEliiS 

Bleed AJr Duct/Valve 1 1 l 3 
# 3/#4 Bearing9 1 1 
# 6 Bearing On Tube 3 3 
on Sys Maint Errors 2 1 3 
Fuel Control/ Pump 1 1 2 2 2 8 
Compressor Blades 1 1 1 3 
Turbine Blades 1 1 1 3 
Fuel/On Heater 

Valve Manifold 1 1 1 3 
Other FaUures 1 5 4 1 3 5 19 

9 7 8 0 4 9 9 0 46 

CY 83 84 85 86 87 88 89 90 
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AIRLINJ!; MB B-727 

mcmmrr OCCURREl'fCES 

Take-Off Aborted. 
F1t Tum Back. 
Diverted 

Engine F1ameout/ 
Shutdown 

3 

Both Occum:nces 1 

Total Occurrences 4 

CY 83 

5 

4.5 
4 

3.5 
3 

Total 
Failures 2·5 

2 

1.5 

1 

0.5 
0 

1983 

FAJLURE ITEMS 

Bleed Air Duct/Valve 
# 3 & #4 Bearings 4 
# 6 Bearmg on Tube 
On Sys Ma1nt Errors 
Compressor Blades 
Turbine Blades 
Fuel/On Heater 

Valve/Manifold 
Other Fallures 

4 

CY 83 

PEBFOBMANCE SJJMMARY 

3 

2 2 2 

2 

2 2 2 5 

84 85 86 87 

COMPONENT F.AILUI!ES 

1984 1985 1986 1987 1988 

1 1 2 
2 

1 
1 

1 
1 

2 1 1 
2 3 4 5 

84 85 86 87 

A-9 

1 

1 

1 

3 

88 

1989 

1 
1 

1 
3 

88 

2 

2 

89 

1990 

1 

1 

2 

89 

1 

3 

4 

90 

5 
7 
2 
1 
1 
1 

1 
4 9 
4 27 

90 



AJRL:INE: CTA B-737 PERFORMANCE SUMMARY 

.INCIDENT OCCDRRENCES 

Take-Off Aborted. 
Fit Turn Back. 
Diverted 

1 1 

Engine Flameout/ 
Shutdown 

Both OccurreDces 

Total Occurrences 0 0 0 0 0 1 

3 

4 

1 

1 .. 

CY 83 84 85 86 87 88 89 90 

4 

3.5 

3 

2.5 
Total 2Failures 

1.5 

1 

0.5 

0 
1983 1984 

COMPONENT FAILURES 

1985 1986 1987 1988 1989 1990 

F.AILIJRE ITEliiS 

13th Stage Manifold 
Turbine Blades 
D11Tuser Case 
Control Cable 
FOD 
Other Failures 

1 

1 
2 

2 
1 
1 

4 

1 

1 

Tl'L 
1 
2 
1 
1 
1 
1 
7 

CY 83 84 85 86 87 88 89 90 
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AIRLJNE; MNO B-737 PERlOBMANCE SJ1MMABT 

Il'fCIDEl'lr occmmEl'fCCS 

Take-Off Aborted, 
Fit Turn Back. 1 
Diverted 

Engine Flameout/ 1 1 2 1 
Shutdown 

Both Oc:cum:oces 1 

e Total Occurrences 0 1 0 3 2 1 0 0 

CY 83 84 85 86 8~r 88 89 90 

COMPONENT FAILURES 

9 

8 

7 

6 

5Total 
Failures 4 

3 

2 

1 

0 
1983 1984 1985 1986 1987 USB 1989 1990 

F.AJLURE 1TEIIS 

# 3 Bearings 3 2 1 6 
Other Beanngs 3 3 
on Sys Components 1 1 2 
Gearbox 1 1 2 
Case Fallure 1 1 1 3 
Fan Blades 1 1 
Turbine Blades 1 1 2 4 

Compressor Blades 1 1 2 
Compressor Spacer 3 1 4 
Air Seal 1 1 2 
Turbine Disk 1 1 

Fan/Camp/Turbine 2 1 3 
Fuel Control/Pump 1 1 1 3 
Fuel Manifold 1 1 
FOD 1 2 3 

5 6 2 8 9 4 3 4 41 

CY 83 84 85 86 87 88 89 90 

A-11 



AIRLINE; BAB B-737 PERFORMANCE SUMMARY 

INCIDENT OCCDRRENCES 

Take-Qff Aborted, 
Fit Turn Back, 

Diverted 

1 1 2 

Engme F1ameout/ 
Shutdown 

1 1 1 2 1 

Both Occurrences 

Total OccuiTences 0 0 1 1 2 3 2 1 

CY 83 84 85 86 87 88 89 90 

COMPONENT FAILURES 

Total 
Failures 

4 

3.5 

3 

2.5 

2 

1.5 

1 

O.i 

0 
1983 1984 1985 1986 1987 1988 1989 1990 

F AlLURE ITE114S 

Bearings 
on Sys Components 
Main on Screen 
Turbine Blades 
Compressor 
Intermediate Case 
Fuel Systems 
FOD 
Other Failures 

1 

1 

1 

3 

1 

1 
2 

1 

1 
2 
2 

1 
1 

2 

1 

2 

1 
4 

1 
1 

2 
4 

1 

1 

Til. 

2 
1 
1 
3 
1 

1 
2 
2 
6 
19 

CY 83 84 85 86 87 88 89 90 
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AIRLINE; GOA B-787 PERFORMANCE SUMMARY 

INCIDElft QCCilJlRI!:NCES 

Take-OffAborted. 
F1t Tum Back.· 
Dtvcrted 

1 1 1 1 

Engine F1ameout/ 
Shu~own 

Both OcculTences 1 1 1 1 1 

Total OccurreDces 0 0 1 1 2 2 1 2 

CY 83 84 85 86 87 88 89 90 

COMPONENT FAILURES 

9 

8 

7 

6 

Total 5 
Fa1lures 4 

3 

2 

1 

0 +----+---+-
1983 1984 1985 1986 1987 1988 1989 1990 

F.AJLURE l'I'EMS 

TIL 
Bleed Air Ducts/Valve 1 2 8 
# 6 Bearing Oil Tube 1 1 3 
Compressor Blades 1 1 4 
Other Failures 2 2 5 2 

1 1 2 1 2 9 43 

CY 83 84 85 86 87 88 89 90 
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AIRLINE; PDP B-737 PERFQRMANQ $UMMABT 

lNCIDElft OCCURRENCES 

Take-Off Aborted. 
F1t Tum Back. 
Diverted 

1 1 1 1 

Eng1ne F1ameout/ 
Shutdown 

3 1 1 1 1 

Both Occuirences 1 2 1 3 

Total Occuirences 3 2 3 1 2 4 2 0 

CY 83 84 85 86 87 88 89 90 

7 

6 

5 

4
Total 

Failures 
3 

2 

1 

0 
1983 1984 

COMPONENT FAILURES 

1985 1986 1987 1988 1989 1990 

J'AlLURE l"1"E'EIS 

# 3 & #4 Bearings 
011 Sys Ma1nt EITors 
Fuel Control/PUmp 
Turbine Blades 
FOD Damage to Eng 
Other Failures 

2 
1 
3 

1 

1 
2 

1 

2 

1 
4 

1 

1 

1 
1 
2 

1 
2 
3 
1 
7 

1 
1 
2 

TIL 
2 
1 
1 
4 
7 
6 

21 

CY 83 84 85 86 87 88 89 90 
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AIRLINE; CIA D(C9 PERfORMANCE SJTMMABY 

Take-Off Aborted. 
F1t Turn Back. 1 6 4 

DiVerted 

Engine F1ameout/ 2 

Shutdown 

Both Occurrences 2 

Total Occurrences 1 10 4 

CY 83 84 85 86 B7 88 89 90 

COMPONENT FAILURES 

14 

12 

10 

Total 8 

Failures 
6 

4 

2 

0 
1983 1984 1985 1986 1987 1988 1989 1990 

FAILURE ITEMS 
TIL 

Bleed Air Duct/Valve 4 1 5 
# 3 Bearing 3 3 
Other Bearings 1 1 
Fuel OU Cooler 1 1 
OUSystem 2 2 
F1re Wammg System 1 1 
Turbine Blades 2 2 4 
Other 2 1 3 

3 13 4 20 

CY 83 84 85 86 87 88 89 90 
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AJRLJNEi DDD DC-9 PERFORMANCE StiMMARY 

INCIDElft' occu.RRENCZS 

Take-Off Aborted. 

Flt Turn Back. 1 6 2 

Diverted 

Englne Flameout/ 1 2 

Shutdown 

Both Qcc:um:nces 2 1 2 

Total Qccurrences 0 2 2 7 6 

CY 83 84 85 86 87 

COMPONENT FAILURES 

8 

7 

6 

5 
Total 4Failures 

3 

2 

1 

0-+---+.J 

1983 1984 1985 1986 1987 1988 

FAILURE l'l'EMS 

Oil Sys Maint Errors 
Fuel Control/Pump 1 1 
Turbine Blades 2 3 1 2 
Other Failures 2 2 3 5 

4 6 4 8 

CY 83 84 85 86 87 
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1 

1 

1 

3 

88 

1989 

1 

5 
6 

88 

2 

2 

1 

4 1 

89 90 

1990 

TIL 
1 1 

3 
8 

4 1 22 
5 1 34 

89 90 



AIRLINE: GGA D~9 PERFORMANCE SUMli4ARY 

INCJDElllr OCCORRENCES 

Take-Off Aborted. 
F1t Turn Back. 
Diverted 

1 2 5 3 2 2 2 

Engine F1ameout/ 
Shutdown 

1 1 2 1 

Both Occurn:nces 3 3 2 

Total OccurreDces 2 3 5 9 5 2 2 2 

CY 83 84 85 86 :~7 88 89 90 

COMPONENT FAIURES 

9 

8 

7 

6 

Total 5 
Failures 4 

3 

2 

1 

0 
1983 1984 1985 1986 1987 1988 1989 1990 

FAILURE ITEMS 

Bleed Air Ducts/Valve 
# 3 & #4 Bearings 
# 6 Bearing OU Tube 
Ofl Sys Ma1nt Errors 
Fan Blades 
Compressor Blades 
Turbine Blades 
Combustion Chamber 
Cases 
Other Failures 

5 

1 

3 
9 

1 

2 

1 
5 
9 

1 

1 

2 
1 

3 
8 

1 

1 
1 
1 

2 

3 
9 

1 

1 

3 
5 

1 

1 

1 

1 
4 

1 
1 

2 
2 

TI'L 
3 
1 

2 
2 
1 
1 

13 
1 
2 

21 
47 

CY 83 84 85 86 B7 88 89 90 
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AIRLINE; XXZ DC:9 rEBFOBMANCE STTMMABY 

INCIDENT OCCURRENCES 

Take-Off Aborted. 
Flt Tum Back. 2 4 13 2 2 

Diverted 

Englne Flameout/ 1 2 3 3 

Shutdown 

Both Qccum:nces 2 6 1 1 1 

Total OccuireDces 0 3 8 22 1 5 3 1 

CY 83 84 85 86 87 88 89 90 

COMPONENT FAILURES 

25 

20 

15 
Total 

Failures 
10 

5 

0 
1983 1984 1985 1986 1987 1988 1989 1990 

FAILURE lTEIIS 

Bleed A1r Ducts/Valve 1 1 2 
# 3 & #4 Bearings 1 1 
on Sys Maint Errors 1 3 4 
Fuel Control/Pump 1 2 3 
Compressor Blades 1 1 
Turbine Blades 1 1 3 1 -1 7 
Combustion Chamber 1 1 2 
Fuel/Oil Heater 

Valve/Manifold 1 5 1 7 
Fuel Nozzle Cokmg/ 

Heat Shield 1 2 3 
Case Failures 1 1 2 4 
Other Fallures 9 6 9 1 2 1 28 

13 12 23 4 6 3 1 62 

CY 83 84 85 86 87 88 89 90 
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.AIRLINE; BKB DC=9 PERFORMANCE SUMMARY 

INCIDENT OCCURRENCES 

Take-Off Aborted. 
F1t Turn Back. 
Diverted 

6 7 7 

Engine F1ameout/ 
Shutdown 

3 2 1 

Both Occurrences 1 2 9 3 

Total Occu:mmces 0 0 0 1 2 18 12 8 

CY 83 84 85 86 87 88 89 90 

COMPONENT FAILURES 

Total 
Failures 

20 

18 

16 

14 

12 

10 

8 
6 

4 

2 

0 
1983 1984 1985 1986 1987 1988 1989 1990 

F.AJI:ORE lTE1IIS 

Bleed AJr Ducts/Valve 
# 3 & #4 Bearings 
On Sys Maint Errors 
Fuel Control/Pump 
Compressor Blades 
Fan Blades 
Turbine Blades 
Fuel/On Heater 
Valve/Manifold 

# 60nTube 
Combustors 
Other Failures 

0 0 0 

1 

1 

1 

1 

2 

3 
1 
2 
2 

1 
2 

2 

6 
19 

3 
2 

1 

1 

1 
5 
13 

2 

2 

1 

3 
8 

TIL 
8 
3 
4 
2 
2 
1 
3 

3 
1 
2 
14 
43 

CY 83 84 85 86 .37 88 89 90 
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UL-:1'A ;MAGE"' Ill SYSTEM SPI!CIFtc.\nONS 

• :O.,Wer qeou~reo: 90 •a 250 vAC• .u ro 440 Hz. 2.5 amos 
~xcaot Ul·3300 1110/220 'lAC, 50..;() Hz. O.S amoJ. Total 
:ro- araw 1s less tllan 300 volt-amos. 

• •.toaes of Ooera11on: str.Uqm oeam or angle aeam contact 
. nsoec::rons. 

• Scan Size: vanaole from Z' x 4" to 20" x 40". 
• Sc:an .:lesolutron: '/anaole from .020" ~o .200" In 0.001• 

nc:ementa on a 100 pornt :< 200 poont gna. 
• Scan Data Recoroed- Header data ana 20.000 PDintS of 

oeotn ana 20.000 amorituae. 
• ~axomum Scanning Speea - 150 scan poims per second. 
• Data Slorage - 5'1• incn dOuble sided, 98 lracka. per rncn. 

son-sectored floppy disk. 
• DocumentaJ1on - Heeder data conmsting of administra• 

nve. scan setuo. calibration ana instrument parameters. 
• Scan C~ilities - Realtime disolay With continuous 

monoaonng of all instrument parameters. 
• Ana1v81s and Dlsolay C~llttu 

- Tooograohical plan v-
- • ar 8 level gray 
- " ar 8 level color 

- Setectallle X and V slices 
- Deotn and amplitude readout tor eac:n scan point 
- ZOom WindOW - 2X. 4X and 8X 

• Size- 4 cases set uo on Ina than S cubic fl. plus scanner. 
• Werqnt - No case over 30 lbs., total werqllllesa tllan 

120 Ills. 
• Set Up 11me-1S mtnutes. 

A STATE-oF-THE-ART NOT SYSTEM ••• 
DESIGNED TO ACCOMMODATE NEW DEVELOPMENTS 
The portaDie Ultra Image Ill on-line ultrasoniC onsoec:tlon system 
grves you a nigh-nt101ut1an detailed C-scan and 8-sc:an image which 
•s reoeataDie from test to test. A color disolay grves you the thira 
aun-10n - lor depth and/or amplitude Clltermlnallon and c1anty of 
imerorstatlon. The buill-in softWare allows you to analyze all the 
av1111ao1e ontorma11on under PtsCIH control and enaoles s1mula1ion of 
a roo voew regaraless of tranaoucer angle. The result is a sullstantlal 
•morovement rn accuracy over nand-held u1trason1c onsoection un1ts. 
A oermanent recora lets you reoea1 any pteYious test under identical 
conDitions and recaJI an image at any time lor comparatrve analYSIS on 
both aeoth ana amplitude. The ability to back integrate and communi· 
cate With penpheral Cleviclls riOt only bnngs Ultlmale confidence and 
retiaD11ity to todey's oonae1tructlve inspectron neeas With state-of· 
the-art tecnnology, but allows you 10 take adVantage of tuturs 
developmentS. 

Over the last several years. the Ultra Image Ill has been fleld"!lraven 
in a vanety of remote and hostile environments around the world. First 

ULTRA IMAGE"' Ill EQUIPMENT SPECIFICAnONS 

Module 3100 DISPLAY 
5" Black & While Mon1tor (Color output available) 
3•n· A·Scan CRT 

Module 3200 ULTRASONIC 
Model 3201 Pulsar - maximum output 400 volts 

Damping- 10.25.50,100 150 ohms 
Pulse Amplitude- 20. 40. 80, 80, 100 percent 
Pulse Width - LOW, HIGH 

Model 3202 Receiver 
Attenuation - 0·62 dB in 1 dB steps 
Filter- Broad Band. 1·8 MHZ. 2·8 MHZ. 4·8 MHz 
Function - Pitch-Catch. Pulse-Echo 
Detector - RF, VIdeo 

Model 3203 Digotal Thickness Gate 
Gate Delay - 0-99.9U sec by 0.1 u sec. 0·999U sec 
by 1U sec 
Gate Width- 0·99U sec by 0.1U sec. 0·999U sec 
by 1 u sec 
Scope Trigger Delay - 0·99.9 u sec by 0.1 u sec. 

-~~-u-......_- Ullramage~ ....IWJiar.. 
Aa-.a-...--~ 
,.. ........... ,........ c:a_.......... 

'Uitnl'EC"' Teclmial Evaluation Center­
an oific:e-based workstation ior advanced 

analysis Qllabilities 

develooed to malle critical measursments on nudear submarines, 
it has s1nce been usea tram Alaska to the Arabian aesert in oil and 
gas applications. tu aJrcratl flight lines in AUstrallL It has proven 
highly effective on the oonaestructlve detection of corrosiOn. craclca. 
hyDrogen olisters. ':ompos1te delamination. and dlllonaing in metal· 
to-metat ana metaHo-nonmelal imertaces. including lace sheet-to· 
honeycomb !Ionas. 

'The Ultra Image Ill field team can now receive additional support via 
the new UllraTEC'" TechniCal Evaluation Canter- an offlce-oasea 
workltation that communicates With the Ultra Image Ill on location 
via oralnary teleoh,)ne lines or via data dlslc. Engrneers in the office 
or laboratory can 111en display and analyze scan intormalion, moalty 
headers. and copy data as With the Ultra Image Ill. Or they can pro­
VIde exoert interpmtaJion of data quiCKly to the field team, or provide 
them w1th sucn infurmallon as newly crealed headers or previously 
taken scan data. A ~yone trained on the Ultra Image Ill system will 
alaO be able to opu-ate the UltraTEC. 

0·999 u sec by t 1J sec 
Range- 0.5, 1.0. 2.5. 12.5. 25.0. 50 inches 
Del)th Resolution- 0.002. 0.004. 0.010, 0.050, 
0. 1 00, 0.200 inches 
Threshold. set through microprocessor-
1·100% in 1% steps 
Threshold Exceeded Indicator 

Module 3300 FI.OPPY DISK 
2 ~;'!.· Floppy Disk Drives - Formatted capac­
ity 528K Bytes each 

Module 3400 MICROPROCESSOR 
ZBUA"·CPU (8 bit microprocessor) 
OP•nates at 4 MHz 
Me nory 576K·bytes expandable to 1 M bytes 
7-Siot Chassis 
Me nory Management 
Floppy Disk Controller 
64(1 x 480. 16 level graphics controller 
Calendar/clock 

(All specifications subject to change without nolice) 

Contact Ultra Image InternationalB-3 Division of SAIC for 
consultation on your testing problem. "Trademark Zilog 



APPENDIXC 

NPI PROCEDURE DESCRIPDON: 

Ultrasonic Imaging On-Wing Inspection of JTSD Engine Case Boss Weld by Motorized Scanner. 

1. Objective: 
Use of ultrasonic imaging method to mspect Jr8D engine case boss weld 

2. Reference: 
(a) PWA.Ultrasonic Inspection ofJTSD Combustion Chamber Outer Case, Video Tape, 
Part No. 804137, 10/30/86. 

3. Equipment and Materials 

3.1 UI-JilTM -- ultrasonic imaging system 

3.2 Transducer-- 5MHz, angle beam, 45 degrees, 3/8" 

3.3 Transducer Cable -- 25 feet 

3.4 PWA calibration block with EDM notches 

3.5 Power Cable -- 25 feet 

3.6 Couplant -- soap water 

3.7 Scanner -- UII/SAIC JTSD motorized scanner 

3.8 Disketter -- 5 1/4" double density, soft sector, 96 TPI 

3.9 Light, Mirror, Coveralls (clothing), Rags 

3.10 Notebook 

4. Safety Precaution 
The engine must be in the POWER OFF position and in LOCK POSmON. 
All personnel performing the mspection shall wear safe1y goggles. 

5. Calibration 

5.1 Preparation 
(a) Set up UI IIf1M system according to the Operations Manual 
(b) Load Program Disk -- Input Date and Time 
(c) Load Data Disk - (Preprogrammed Header InfJrmatlon as 
follows:) 

GROUP A- ADMINISTEATIVE DATA 

1 PRO.JECr = JTSD-CAL-MOTOR 
2 TASK = 5M-45DEG B2013 
3 SCAN = Mai'ORSCAN 1 
4 INSPECI'OR = MCT/BED 
5 PREV. SCAN REF = 1 
6 1RANSDUCER = 5MB2013 
7 CAI..BLOCK = 2-HOIE 

• 8 CREATED TIME = 03/20/91 20:35 
9 ACCESSED TIME = 03/20/91 20.20 

C-1 



• 10 SCANTIME = 03/20/91 22:00 
• 11 SYSTEM UNITS = ENGUSH 
• 12 SYSTEM VERSION = 3.20 09.11.89 

GROlJPB- SCANNER SET-UP 

1 GRID SPACING = 35 
2 TRK SCALE FACIR = 105 
3 ARM SCALE FACIR = 83 
4 SCANNING AXIS = X 
5 BEAMANGLE = 0 
6 DEIAYTIME = 2.320 
7 BEAM DIRECIION = 90

• 8 TRACKRATIO = 1.000 
"• 9 ARMRATIO = 1.000 

GRQUPC- CALIBRATION DATA 

1 MATERIAL = ST 
2 VEL. CONSf.ANT = 1 
3 'IHRESHOI.D % = 20 
4 NOM. TffiCKNESS = 1.0 
5 CAL BLOCK TffiCK = 2 
6 MIN INSP. DEPm = .518 
7 MAXINSP. DEPm = 2.368 

• 8 X.Y. SAMPLE GRID = 0,0
• 9 = • 10 = • 11 = • 12 = • 13 VEL. CONSf. ADJ = 1.000 
• 14 = 2Rl010101:34 
• 15 CAL.'IYPE = F/P 

GRQUPD- ULTRASONIC EOU!PMENT SETTINGS 

1 PULSE AMPLITUDE = 80 
2 PULSE DAMPING = 100 
3 PULSE WID1H = HI 
4 FIL1ER = 4 
5 FUNCIION = P/E 
6 RF./VIDEO = VID 
7 ATIENUATION = 2R1011111:42 
8 RESOLUilON = 10 
9 GATEDEIAY = 15.0 

10 GATE WID1H = 37.0 
11 PULSE RATE Khz = 1 

• 12 EQUIPMENT ID . = 1.00 2.00 3.02 

(d) Modify Header Information -- Input Boss Weld 
Identification 

(e) Use Header Calibration 

5.2 Set Up Scanner 
(a) Install motorized JTBD scanner on the PWA calibration 

block with transducer at Inner Radius, Left Position 
(hereafter, the ortgin or scanning starting point). 

(b) Apply couplant to test piece at transducer location. 

C-2 
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(c) Press the X button in clockwise direction. 'Ibe 
transducer will activate scanning (clockwi:;e) in a 
circumferential direction. stopping at the e:nd of the 
track (Note 1). One line of information is obtained. 
Reverse the SWitch to counterclockwise dWection. Press 
the X button to retum the transducer to the: starting 
point. 
(d) Jog theY Button to advance the transducer in 
increments of one grtd. 
(e) Repeat process 5.2 (c) above for 10 lines of 
information. 
(f) Save the data on diskette. 
(g) perform preliminaiy analysis on these data. Compare 
data with previous data. Calibration data must be 
repeatable before the on-wing test can begin. 

6. Inspection 
CAl.mONI SAFE'IY RULES MUST BE FOLLOWED TiiROUGHOUf INSPECTION 
(See Section 4). 
(a) Install and fasten JI'8D motorized scanner on boss weld to be tested. Use mirror and 
light to assist in positioning scanner. 
(b) Use sequence scan to modify header information of boss weld to be inspected. 
(c) Perform the scan. as stated in Sections 5.2 (b) - 5.2 (g). 
(d) For additional boss weld inspections. proceed as stated. in 6 (b)- 6 tc). 

7. Take notes on the test as applicable. At this point. the inspection is 
complete. 

Note: 1: The END of the track for the AFr and PS4 drain boss welds is the end of the 240 degree 
range. i.e .• from 0-240 degree. The END of the track for the FORWARD drain boss weld is 
performed in two separate parts to avoid interference from the s:tanted drain tubing nearby (0-
110 degrees and 130-240 degrees range). 

c-3 *u.s. GOVERNMENT PRINTING OFFICE: l9'JZ. 604-061/600S8 
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	vt 
	EXECUI'IVE SUMMARY 
	The engine subpanel of the June 1988 International Conference on Aging Airplanes identified the need to study airCraft turbine engine static components for r,eliability problems due to agmg effects and. where needed. to develop improved inspection techniques for these static components. Subsequently. the Federal Aviation .AdminJstration (FAA) Technical Center and the U.S. Department of the Air Force jointly contracted Science Applications International Corporation (SAIC) to cany out such an investigation. 
	The approach taken by SAIC was to trend the in-flight shutdowns and unscheduled removal rates of JTSD. CF6. and JT3D turbine a:trcraft engines for the two year period from February 1988 to January 1990. These data are currently collected each month by the FAA and published in the Air Carrier Aircraft Utilization and Propulsion Reliability Reports. Using actuarial data from these reports. monthly industry-wide averages of shutdown and unscheduled removal rates were calculated for each abframe and engine comb
	Once the operators that frequently exceeded the industry normal rates for shutdowns and removals were determined. the FAA's Service D1fficulty Report (SDR) data base was querted for each of those operators to determine which components may have caused the higher than normal shutdowns and removals. Although trending was accomplished for the JTSD, CF6. and the JT3D. the scope ofthis report was to perform the SDR component analysis for only the Jl'SD engine. The Jl'SD was chosen as the focus ofthis study bec::
	From the actuarial trending. ten operators ofJTSD engines were selected to be further analyzed using data from the SDRsystem. Forthese 10 operatom. the SDR data base was analyzed for the pertod from January 1983 to May 1990 to identify components possibly responsible for the higher than normal shutdowns and removal:s. The following components and conditions were discovered: 
	Hard Failures 
	-#3 Bearing -#4.5 to #6 Oil BeartngTube 
	Wear and Tear I Inspection Failures 
	-13th Stage Bleed Air Duct -Turbine Blades 
	Structural Failures 
	-Case Cracking 
	Diagnostic Troubleshooting 
	-Fuel Controls. Pumps 
	vii 
	Maintenance Practices 
	-oo cap unsecured -Fuel I 011 Heater Valve Wired Open -011 Screen Studs Pulled Loose -Oil Seals Pinched 
	Based upon discussions with Pratt and Whitney Aircraft (PWA) and the FAA. SAIC developed an improved technique to inspect the three outer combustor case drain boss welds for cracking. Although PWA had developed an on-wmg ultrasonic inspection technique that could inspect the weld near the bolt holes ofthe bosses for cracldng. it was possible to miss cracks developing near the weld but away from the bolt holes. To Jmprove this inspection. an automated ultrasonic scanner system was des1gned by SAIC that could
	This study concluded that the FAA Air Carrier Aircraft Utilization Propulsion Reliability Report contains valuable actuarial information that can be used to document reliability trends of spedftc engines. The actuarial trending and component failure analysis using the SDR system were useful in determining which components may require modification and/or nondestructive inspection procedures to ensure their integrity. Based upon data collected from the trending and SDR analysis, the outer combustor case on th
	viti 
	INTRODUCTION 
	INTRODUCTION 
	PURPOSE 
	The purpose of this study was to conduct an actuarial trending analysis to review the operational reliability ofthe JTSD engine, and also to develop a successful nondestructive inspection (NDI) procedure for the JTSD engine outer combustor cases. Observations, conclusions, and recommendations on specific airline operational performance and maintenance practices were not part ofthe purpose ofthis task. In that regard, no identities of specific airlines performance and component failures have been made. Actua

	BACKGROUND 
	BACKGROUND 
	The aerospace industry's attention toward aging aircraft has generally been focused upon 
	aircraft fuselage structures. The thought about aircraft engines has historically been that 
	engines were periodically "regenerated" through scheduled maintenance and modification 
	programs. For many ofthe dynamic components, like blades, disks, and spacers, this is 
	basically true and applies equally to some static parts like vanes and combustors. However, 
	other static parts such as fan, compressor, combustor, dtliuser, turbine, and exhaust cases are 
	not life limited and therefore not subject to periodic replacement. 
	The engine subpanel of the June 1988 International Conference on Aging Airplanes identified the need for improved nondestructive inspection (NDI) procedures for aircraft turbine engine cases and frames. The composite maintenance concept for airllne engines emphasizes 
	maximum use of on-aircraft maintenance and phased maintenance of rotors and static parts based upon life limits. However, since engine cases and frames provide the skeleton to which 
	other components are attached, these cases and frames are rarc:ly removed and inspected. Some cases now have in excess of 30,000 hours of operating time. Without specific life limits 
	assigned to cases, there is no requirement for scheduled shop removals and an in-depth inspection cycle. 
	The JTSD was chosen for this study because of its proven opera1:ional service. The JT8D is used on three separate airframes: the B-727, B-737, and DC-9. Over 10,000 of these engines are in service and many have been in operation for over 20 years. Th:ls engine has delivered excellent service, although several air carriers have reported higher than normal in-flight shutdowns and engine removal rates. 

	PROCEDURE 
	PROCEDURE 
	ACDJARIAL DATA SOURCES 
	This study included an actuarial scan ofthe JTSD, CF6, and JI'3D engine inventories to determine which air carriers reported higher than normal engJne in-flight shutdowns and engine removal rates. The data analysis went one step further for the JT8D engine since the objective was to identify those JTSD engine components recorded as causing the high rates of in-flight shutdowns and engine removals. The following sources of information were used for this actuarial study: 
	1 
	1. 
	1. 
	1. 
	1. 
	The FAA Air Carrier Aircraft Utilization & Propulsion Rel1ab111ty Report, as published on a monthly basis by the Aviation Standards National Field Office at Oklahoma City, OK. This report provides the following monthly information, by aircraft engine type, and air carrier: 

	-Number of aircraft by aircraft model and engine series -Engine shutdowns & shutdowns/1000 hours -Engine removals & removals/ 1000 hours for premature unscheduled removals -3-month history of engine shutdowns per 1000 hours 

	2. 
	2. 
	FAA Service Difficulty Reports (SDRs) as published by the Aviation Standards National Field Office with each issue covering a one week period. The engine section ofthis report provides: 


	-Information on a specific engine incident, identifying the air carrier involved, aircraft model, aircraft serial number, description of the problem, and often the investigation results 
	and corrective action taken. 
	3. Printouts from the FAA Operational Systems Branch, AVN-120 onJI'SD-1, -7, -15, -17, engine component failures from January 1983 through May 1990 that provide: 
	-Information on specific engine incidents, identifying the air carrier involved, aircraft and engine dash model, date of component failure, take-off aborts, engine shutdowns, flights diverted, description of failure, teardown results, and corrective actions taken. 
	TRENPING METUODOLQGY 
	The actuarial data initially analyzed in this study came from the monthly FAA Air Carrier Aircraft Utilization and Propulsion Rel1ab111ty Reports. For the 24-month period from February 1988 through January 1990, all US operated JT8D, Jf3D, and CF6 engine in-flight shutdowns and unscheduled engine removal rates, by month and airline, were trended. From these data, monthly, industry-wide average rates of in-flight shutdowns and engine removals were calculated for each of the following airframe/engine combinat
	Along with the average or normal rates, first and second standard deviations were also calculated per month, for each airframe/engine combination. For each month, an operator's reported rates of in-flight shutdowns and engine removals were compared with the norm for a particular airframe/engine combination. When the operator's rate was between one and two standard deviations of the norm, the condition was coded "Y'' for yellow. A yellow condition was considered by SAIC to be a possible indicator of a rel1ab
	-number of datum entries (e.g. number of airlines); N -sunnnation of datum entries (e.g. monthly shutdown removal rates) DC -average ofdata entries; DC/N -standard deviation; SD: 
	2 
	112 
	112 
	112 
	The yellow range was calculated as: 

	N:l:X 2-(IX)) 
	N:l:X 2-(IX)) 
	(Average X+1 SO)> (Average X+2SD) 

	SD= 
	SD= 
	( 
	N (N-1) 
	The red range was calculated as: > (Average X+2SD) 


	'NORM Range 
	VellowRenge 
	Red Range 
	X cr1 C12 
	Tables 1 and 2 are samples ofthe yellow and red trending performed for each US airline operating either the JT8D, CF6 orJT3D engines. Again, this type of trending was performed separately for both in-flight shutdown data and engine removal data. It should be noted that months containing a "-" correspond to a condition when the rate was equal to or below the normal rate value for that airframe/engine combination. Also.. some months may contain two ''Y''s or two "R"s which corresponds to an airline that excee
	A reasonableness test was applied to the calculated standard d.evtation with consideration given to fleet size, daily utilization hours, and engine shutdown and removal rates. Fleet size among the air carriers varied by aircraft type, but the utilization rate was comparable among the carriers. The use of rates for engine shutdowns and removals mtnimfzed any skewing of the trending data from carriers with large and/or small inventories corresponding with large and/or small numbers of incidents. 
	In order to normalize these data and to calculate a more accurate and true standard deviation, two screening criteria were established. If an airline's number l)f aircraft was less than 8 (whJch correlates to 24 engines on the B-727, 16 engines on the B-737, 16 engines on the DC-9, 16 engines on theA-300, 16 engines on the B-767, 24 engines on the DC-10, 32 engines on the B-707. and 32 engines on the DC-8). and the rate (number of incidences per 1000 fleet operating hours) was greater than 0.75 for in-flfgh
	3 
	TABLE 1: B-727/JTSD ENGINE IN-FLIGHT SHUTDOWNS 
	Example of"Y" and "R" data collected from partial list of airlines operating B-727 with JTSD 
	engines that experienced in-flight shutdowns from January 1989 through January 1990 
	engines that experienced in-flight shutdowns from January 1989 through January 1990 
	engines that experienced in-flight shutdowns from January 1989 through January 1990 

	TR
	JAN 
	FEB 
	MAR 
	APR 
	MAY 
	JUN 
	JUL 
	AUG 
	SEPT 
	OCT 
	NOV 
	DEC 
	JAN 

	AIRLINE 
	AIRLINE 
	'89 
	'89 
	'89 
	'89 
	'89 
	'89 
	'89 
	'89 
	'89 
	'89 
	'89 
	'89 
	'90 

	CTA (*) 
	CTA (*) 
	-
	-
	-
	-
	y 
	-
	-
	-
	-
	-
	-
	-
	-

	CTA(7) 
	CTA(7) 
	-
	-
	-
	-
	-
	-
	R 
	y 
	-
	-
	-
	-
	-

	ABC(*) 
	ABC(*) 
	-
	y 
	-
	R 
	R 
	-
	R 
	y 
	R 
	-
	R 
	y 
	y 

	BKB (7B) 
	BKB (7B) 
	-
	-
	-
	-
	-
	-
	-
	y 
	-
	-
	y 
	-
	-

	BKB (17) 
	BKB (17) 
	-
	-
	-
	-
	R 
	-
	y 
	-
	-
	R 
	-
	-
	y 

	BKB (15) 
	BKB (15) 
	-
	R 
	-
	y 
	y 
	-
	-
	-
	y 
	-
	y 
	-
	-

	RAB(7B) 
	RAB(7B) 
	-
	-
	-
	R 
	y 
	y 
	-
	y 
	y 
	y 
	-
	-
	-

	RAB (15) 
	RAB (15) 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	FPC (15) 
	FPC (15) 
	-
	-
	-
	y 
	y 
	-
	-
	-
	-
	-
	R 
	-
	-

	~ 
	~ 
	XYZ(7) 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	TR
	XYZ(17R) 
	-
	-
	-
	-
	-
	-
	-
	. 
	-
	R 
	-
	R 
	-

	TR
	XYZ (15) 
	-
	-
	-
	-
	-
	-
	R 
	-
	y 
	y 
	-
	y 
	-

	TR
	LWZ(9A) 
	-
	-
	-
	y 
	-
	-
	-
	-
	y 
	-
	-
	-
	-

	TR
	LWZ (*) 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	TR
	LWZ (7B) 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	R 
	-

	TR
	DDA(7B) 
	-
	-
	-
	-
	y 
	-
	-
	-
	-
	y 
	-
	-
	-

	TR
	DDA(7B) 
	-
	-
	-
	R 
	-
	-
	-
	-
	y 
	-
	R 
	-
	-

	TR
	DDA(9A) 
	-
	-
	-
	y 
	R 
	-
	-
	-
	-
	y 
	y 
	-
	YR 

	TR
	DEF(7) 
	-
	-
	-
	-
	-
	R 
	-
	y 
	R 
	-
	y 
	-
	-

	TR
	DEF(l7A) 
	-
	-
	y 
	-
	-
	-
	-
	-
	R 
	R 
	-
	-
	-

	TR
	FFF (7) 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	TR
	FFF(7B) 
	y 
	-
	-
	-
	-
	-
	R 
	R 
	-
	-
	R 
	-
	-

	TR
	QQQ (7B) 
	-
	-
	y 
	-
	-
	R 
	-
	-
	-
	-
	-
	-
	-

	TR
	EEE (7B) 
	R 
	-
	R 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	TR
	ppp (7) 
	-
	-
	-
	-
	-
	-
	R 
	-
	-
	-
	-
	-
	-

	TR
	uuu (7B) 
	-
	--------
	-

	---------------L_______ '
	-
	-
	-

	-
	-
	-
	-
	-
	-
	-
	-
	-


	TABLE 2: B-727/JTSD ENGINE REMOVALS 
	Example of''Y'' and "R" data collected from partlalllst of alrUnes operating B-727 with JTSD engines that experienced unscheduled engine removals from January 1989 thru January 1990 JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC JAN ~INE '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '89 '90 
	CTA (•) --y -y ------y -CTA(7) ------R R ----DDA(15) -y y ------y --DDA(9A) ----y -R ---YR -
	I 
	-
	-
	-

	-
	-


	y y y
	DDA(7B) ---YR YR -R --
	-

	XYZ (17R) -----------R 
	-

	XYZ (15) -----R -R y -y y 
	-
	-


	XYZ (7) ---R R R R R ---y 
	-

	BKB (7B) --y -y -----R R 
	-

	BKB (15) -y y -R ---y -y R 
	-

	BKB (17) y ----y --R -y -
	-

	LWZ(7B) --y --y --R ---y 
	LWZ(9A) -------y ---MRM(9A) -----y -----MRM(l7R) ----y -------MRM (15) ------R -----MRM (7B) ------------GGA (15) ------y y y ---
	U1 
	y 
	-
	--
	I 
	-
	-
	-
	-

	•
	GGA(17) ---y -y -R y y -y FPC (15) ------yy -----RAB (7B) ------R y ---y JKL (15) -R --R --R ----JKL (7B) R R R R y --R -y y y GHI(7B) --------R ----I 
	y 
	-
	-
	-
	-
	-


	I
	GHI (15) R -----R -----GHI (17) R --y --R -RRR R -R GHI (9) -R ----------O'IT (•) -----------O'IT (15) -----------
	-
	-
	-
	-
	-

	-
	-

	~.. (~)_ ----------
	y 
	-

	L___. ______ 
	-

	·-------·-
	-

	Ifthe entry was included in the calculation for an airline with a small engine population and an excessive rate. these data would be skewed to the ngbt (high). Therefore. tlns screening crtteria allowed for a more accurate trending analysis. 
	The final aspect of tlns actuarial trending was to determine whJch airlines consistently exceeded the industry norm of in-fi1ght shutdowns and engine removal rates. The purpose of tlns macro analysis was to determine which airlines may be having engine reliability problems and to review those engine components causing the service cWllculties. Note. that tlns macro analysts was perlormed only for the JTSD engine and not for the CF6 or JI'3D. 
	COMPONENT PERFQRMAI!CE ANALYSIS 
	Once the macro scan ranking was completed. a detailed analysts ofJTSD component failures was conducted. A printout was requested on JT8D engine component faJlures as recorded in the SDRs. This printout covered the t1meframe of 1983 ~ugh AprJl 1990. Spedflc information provided included the following: operating condition that occurred. whJch engine Incurred the damage. aircraft model and sei1al number. engine ~and se11al number. airline experiencing the incident. and date ofthe incident. A brief narrative wa
	The information from tlns printout was used to develop the JTSD engine component faJlure trend. The trend identifies the component failures and the number of failure occurrences. This in-depth component failure analysis was conducted on those air carrierS identified as having consistently higher than normal in-flight shutdown and engine removal rates for the 24-month trending period. 
	DISCUSSION AND BESlJLTS 
	DISCUSSION AND BESlJLTS 
	ACTUARWc TBENDING BESULTS 
	Data for the 24 month period from Februmy 1988 to Janumy 1990 were collected for the following airframe/engine configurations: B-727/JTSD. B-737/JTSD. DC-9/JTSD. A-300/CF6. B-767/CF6. DC-10/CF6. B707/JI'3D and DC-8/JI'3D. For each airframe/engine combination. the industry average and standard deviation for in-flight shutdowns and unscheduled engine removal rates per 1000 hours ofoperating time were calculated. For tlns study the industry normal range is the monthly average plus one standard deviation. The y
	With the monthly industry norms calculated. bar charts comparing individual airlines to the monthly norms for the respective airframe/engine combinations were developed. Figures 1 and 2 are examples ofsuch charts. The percentage ofmonths that each airline operated over the industry's normal rate of in-flight shutdown and engine removals was dete~ed The airlines which most often exceeded the monthly normal rates were identified for each airframe/engine combination. A masked listing of these airlines is conta
	6 
	TABLE 3: IN-FLIGHT s•IUTDOWN CALCULATIONS 
	FEB '88 MAR'88 APR'88 MAY'88 JUN'88 JUL'88 AUG'88 SEPT'88 B-727/JfSD 
	Average (X) 0.03 0.01 0.01 0.02 0.02 0.02 0.04 0.04 Standard Dev. 0.09 0.02 0.04 0.07 0.07 0.05 0.11 0.11 Industry Norm X<.12 X<.03 X<.05 X<.09 X<.09 X<.07 . X< .15 X< .15 
	Yellow Range .12<X<.21 .03 <X< .05 .05 <X< .09 .09 <X< .16 .09<X<.16 .07<X< .12 .15 <X< .26 .15 <X< .26, Red Range X> .21 X>.05 X> .09 X> .16 X> .16 X> .12 X> .26 X>.26 
	B-737/JfSD 
	Average (X) 0.01 0.02 0.01 0.01 0.02 0 0.02 0 Standard Dev. 0.03 0.06 0.02 0.02 0.02 0.01 0.05 0.02 Industry Norm X<.04 X<.08 X<.03 X<.03 X<.04 X<.01 X<.07 X<.02 
	Yellow Range .04 <X< .07 .08<X<.14 .03 <X< .05 .03 <X< .05 .04 <X< .06 .01 <X< .02 .07 <X< .12 .02 <X< .04 Red Range X>.07 X>.14 X>.05 X>.05 X>.06 X>.02 X>.12 X>.04 
	~ 
	DC-9/JfSD Average (X) 0.01 0.01 0.01 0.01 0 0.01 0.01 0.01 Standard Dev. 0.05 0.03 0.03 0.04 0.01 0.02 0.04 0.04 
	---·------
	-

	Industry Norm X<.06 X<.04 X<.04 X<.05 X< .01 X<.03 X<.05 X<.05 Yellow Range .06 <X< .11 .04 <X< .07 .04 <X< .07 .05 <X< .09 .01 <X< .02 .03 <X< .05 .05 <X< .09 .05 <X< .09! Red Range X> .11 X>.07 X>.07 X>.09 X>.02 X>.05 X>.09 X>.09 
	I 
	A-300/CF6 
	Average (X) 0.09 0 0 0 0.02 0 0.07 0.05 Standard Dev. 0.1 0 0 0 0.04 0 0.09 0.1 Industry Norm X<.19 0 0 0 X<.06 0 X< .16 X< .15 
	i Yellow Range .19 <X< .29 0 0 0 .06<X<.10 0 .16 <X< .25 .15 <X< .25! Red Range X>.29 0 0 0 X>.10 0 X>.25 X>.25 
	TABLE 3: IN-FLIGHT SHUTDOWN CALCULA liONS (CONTINUED) 
	TABLE 3: IN-FLIGHT SHUTDOWN CALCULA liONS (CONTINUED) 
	TABLE 3: IN-FLIGHT SHUTDOWN CALCUU\TIONS (CONTINUED) 

	Table
	TR
	OCT'88 
	NOV'88 
	DEC'88 
	JAN'89 
	FEB'89 
	MAR'89 
	APR'89 
	MAY'89 

	TR
	B-727/JTSD 

	TR
	Average (X) 
	0.06 
	0.04 
	0.04 
	0.07 
	0.02 
	0.04 
	0.01 
	0.01 

	TR
	Standard Dev. 
	0.17 
	0.12 
	0.11 
	0.18 
	0.06 
	0.15 
	0.02 
	0.03 

	TR
	Industry Norm 
	X<.23 
	X< .16 
	X< .15 
	X<.25 
	X<.08 
	X< .19 
	X<.03 
	X<.04 

	TR
	Yellow Range 
	.23<X< .40 
	.16<X<.28 
	.15 <X< .26 
	.25 <X< .43 
	.08<X<.14 
	.19 <X< .34 
	.03 <X< .05 
	.04 <X< .07 

	TR
	Red Range 
	X>.40 
	X>.28 
	X>.26 
	X>.43 
	X> .14 
	X>.34 
	X>.05 
	X>.07 

	TR
	~ 

	TR
	B-737/JTSD 

	TR
	Average (X) 
	0.02 
	0.04 
	0.01 
	0.02 
	0.04 
	0.02 
	0.02 
	0.04 

	TR
	Standard Dev. 
	0.05 
	0.1 
	0.02 
	0.06 
	0.12 
	0.06 
	0.06 
	0.09 

	TR
	Industry Norm 
	X<.07 
	X<.14 
	X<.03 
	X<.08 
	X< .16 
	x<.o8 
	X< .08 
	X< .13 

	TR
	Yellow Range 
	.07 <X< .12 
	.14 <X< .24 
	.03 <X< .05 
	.08<X<.14 
	.16<X<.28 
	.08 <X< .14 
	.13 <X< .24 
	.13 <X< .24 

	TR
	Red Range 
	X>.12 
	X>.24 
	X>.05 
	X> .14 
	X> .28 
	X> .14 
	X> .14 
	X>.24 

	Q) 
	Q) 

	TR
	DC-9/JTSD 

	TR
	Average (X) 
	0.01 
	0.03 
	0 
	0.01 
	0.01 
	0.02 
	0.02 
	0.01 

	TR
	Standard Dev. 
	0.04 
	0.06 
	0.02 
	0.02 
	0.04 
	0.06 
	0.1 
	0.02 

	TR
	Industry Norm 
	X<.05 
	X<.09 
	X<.02 
	X<.03 
	X<.05 
	X<.08 
	X< .12 
	X<.03 

	TR
	Yellow Range 
	.05<X< .09 
	.09 <X< .15 
	.02 <X< .04 
	.03 <X< .05 
	.05 <X< .09 
	.08 <X> .14 
	.12<X<.22 
	.03 <X< .05 

	TR
	Red Range 
	X>.09 
	X> .15 
	X>.04 
	X>.05 
	X>.09 
	X> .14 
	X> .22 
	X>.05 

	TR
	A-300/CF6 

	TR
	Average (X) 
	0.05 
	0.12 
	0.05 
	0.06 
	0.03 
	0 
	0.05 
	0 

	TR
	Standard Dev. 
	0.09 
	0.09 
	0.1 
	0.08 
	0.06 
	0 
	0.11 
	0 

	TR
	Industry Norm 
	X<.14 
	X<.21 
	X< .15 
	X< .14 
	X<.09 
	0 
	X<.16 
	0 

	TR
	Yellow Range 
	.14<X<.23 
	.21 <X< .30 
	.15<X< .25 
	.14<X<.22 
	.09<X<.15 
	0 
	.16<X< .27 
	0 

	TR
	Red Range 
	X>.23 
	X>.30 
	X>.25 
	X>.22 
	X>.15 
	0 
	X> .27 
	0 


	Table
	TR
	JUN'89 
	JUL'89 
	AUG '89 
	SEP'89 
	OCT'89 
	NOV'89 
	DEC'89 
	JAN'90 

	TR
	B-727/JTSD 

	TR
	Average (X) 
	0.03 
	0.04 
	0.02 
	0.02 
	0.02 
	0.01 
	0.02 
	0.02 

	TR
	Standard Dev. 
	0.07 
	0.1 
	0.06 
	0.04 
	0.05 
	0.02 
	0.05 
	0.05 

	TR
	Industry Norm 
	X<.10 
	X< .14 
	X<.08 
	X<.06 
	X<.07 
	X<.03 
	X<.07 
	X<.07 

	TR
	Yellow Range 
	.10<X<.17 
	.14<X<.24 
	.08<X<.14 
	.06<X<.10 
	.07 <X< .12 
	.03 <X< .05 
	.07 <X< .12 
	.07 <X< .12 

	TR
	Red Range 
	X> .17 
	X>.24 
	X> .14 
	X> .10 
	X> .12 
	X>.05 
	X> .12 
	X> .12 

	TR
	B-737/JTSD 

	TR
	Average (X) 
	0.02 
	0.01 
	0 
	0.02 
	0.01 
	0.02 
	0.03 
	0 

	TR
	Standard Dev. 
	0.06 
	0.05 
	0.02 
	0.05 
	0.04 
	0.06 
	0.08 
	0.01 

	TR
	Industry Norm 
	X<.08 
	X<.06 
	X<.02 
	X<.07 
	X<.05 
	X<.08 
	X< .11 
	X< .01 

	TR
	Yellow Range 
	.08<X<.14 
	.06 <X< .11 
	.02 <X< .04 
	.07<X< .12 
	.05 <X< .09 
	.08<X<.14 
	.11<X<.19 
	.01 <X< .02, 

	TR
	Red Range 
	X> .14 
	X> .11 
	X>.04 
	X> .12 
	X> .09 
	X> .14 
	X> .19 
	X>.02 

	\0 
	\0 

	TR
	DC-9/JTSD 

	TR
	Average (X) 
	0.01 
	0.01 
	0.02 
	0.01 
	0.01 
	0.01 
	0.02 
	0.01 

	TR
	Standard Dev. 
	0.02 
	0.02 
	0.06 
	0.03 
	0.02 
	0.02 
	0.06 
	0.05 

	TR
	Industry Norm 
	X<.03 
	X<.03 
	X<.08 
	X<.04 
	X<.03 
	X<.03 
	X<.08 
	X<.06 

	TR
	Yellow Range 
	.03<X< .05 
	.03 <X< .05 
	.08<X<.14 
	.04 <X< .07 
	.03 <X< .05 
	.03 <X< .05 
	.08<X < .14 
	.06 <X< .11 

	TR
	Red Range 
	X>.05 
	X>.05 
	X> .14 
	X>.07 
	X>.05 
	X> .05 
	X> .14 
	X> .11 

	TR
	A-300/CF6 

	TR
	Average (X) 
	0.05 
	0.04 
	0.06 
	0 
	0 
	0.07 
	0 
	0 

	TR
	Standard Dev. 
	0.1 
	0.08 
	0.11 
	0 
	0 
	0.1 
	0 
	0 

	TR
	Industry Norm 
	X<.15 
	X< .12 
	X< .17 
	0 
	0 
	X< .17 
	0 
	0 

	TR
	Yellow Range 
	.15 <X< .25 
	.12<X<.20 
	.17 <X< .28 
	0 
	0 
	.17 <X< .27 
	0 
	0 


	Red Range X>.25 X>.20 X>.28 0 0 X>.27 0 
	TABLE 3: IN-FLIGHT SHUTDOWN CALCULATIONS (CONTINUED) 
	Table
	TR
	B-767/CF6 Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	FEB'88 0 0 0 0 0 
	MAR '88 0 0 0 0 0 
	APR'88 0.01 0.03 X<.04 .04<X< .07 X>.07 
	MAY'88 0 0 0 0 0 
	JUN'88 0 0 0 0 0 
	JUL'88 0 0 0 0 0 
	AUG'88 0.02 0.03 X<.05 .05 <X< .08 X>.08 
	SEPT'88 0.02 0.03 X<.05 .05 <X< .08 X>.08 

	TR
	DC-10/CF6 Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	0.15 0.27 X<.42 .42 <X< .69 X>.69 
	0.03 0.06 X<.09 .09 <X< .15 X>.15 
	0.06 0.12 < .18 .18 <X< .30 X>.30 
	0.09 0.17 X<.26 .26 <X< .43 X> .43 
	0.04 0.14 X< .18 .18 <X< .32 X>.32 
	0.04 0.09 X< .13 .13 <X< .22 X> .22 
	0.08 0.13 X< .21 .21 <X< .34 X> .34 
	0.02 0.04 X<.06 .06 <X< .10 X> .10 
	I 

	0 
	0 

	TR
	B-707/Jf3D Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	0.13 0.31 X<.44 .44 <X< .75 X> .75 
	0.02 0.07 X<.09 .09<X<.16 X>.16 
	0.1 0.23 X<.33 .33 <X< .56 X>.56 
	0.02 0.06 X<.08 .08<X<.14 X>.14 
	0.04 0.12 X< .16 .16<X<.28 X>.28 
	0.09 0.19 X<.28 .28 <X< .47 X> .47 
	0.08 0.27 X<.35 .35 <X< .62 X> .62 
	0.1 0.2 X<.30 .30 <X< .50 X>.50 

	TR
	DC-8/Jf3D Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	0.05 0.11. X<.16 .16 <X< .21 X> .21 
	0.17 0.32 X<.49 .49 <X< .81 X> .81 
	0.17 0.42 X<.59 .59< X< 1.01 X> 1.01 
	0.12 0.35 X<.47 .47< .82 X>.82 ---
	-

	0.02 0.1 X< .12 .12<X<.22 X>.22 --
	-

	0.03 0.08 X<.ll .ll<X<.19 X> .19 ---
	-

	0.06 0.14 X<.20 .20 <X< .34 X>.34 
	0.06 0.16 X<.22 .22 <X< ,38 X>.38 

	TR
	~ 


	TABLE 3: IN-FLIGHT SHUTDOWN CALCULATIONS (CONTINUED) 
	! 
	! 
	! 
	OCT'88 
	NOV'88 
	DEC '88 
	JAN'89 
	FEB'89 
	MAR'89 
	APR '89 
	MAY'89 

	B-767/CF6 
	B-767/CF6 

	Average (X) 
	Average (X) 
	0 
	0 
	0.06 
	0 
	0 
	0 
	0.02 
	0 

	Standard Dev. 
	Standard Dev. 
	0 
	0 
	0.13 
	0 
	0 
	0 
	0.04 
	0 
	I 

	Industry Norm 
	Industry Norm 
	0 
	0 
	X< .19 
	0 
	0 
	0 
	X<.06 
	0 
	i 

	Yellow Range 
	Yellow Range 
	0 
	0 
	.19 <X< .32 
	0 
	0 
	0 
	.06<X<.10 
	0 

	Red Range 
	Red Range 
	0 
	0 
	X> .32 
	0 
	0 
	0 
	X> .10 
	0 

	DC-10/CF6 
	DC-10/CF6 

	Average (X) 
	Average (X) 
	0 
	0.01 
	0.02 
	0.04 
	0.05 
	0.02 
	0.05 
	0.04 

	Standard Dev. 
	Standard Dev. 
	0.01 
	0.03 
	0.04 
	0.05 
	0.15 
	0.04 
	0.08 
	0.05 

	Industry Norm 
	Industry Norm 
	X< .01 
	X<.04 
	X<.06 
	X<.09 
	X<.20 
	X<.06 
	X<.13 
	X<.09 

	Yellow Range 
	Yellow Range 
	.01 <X< .02 
	.04 <X< .07 
	.06<X<.10 
	.09<X<.14 
	.20 <X< .35 
	.06<X<.10 
	.13<X<.21 
	.09<X<.14 

	-
	-
	Red Range 
	X> .02 
	X>.07 
	X> .10 
	X> .14 
	X>.35 
	X>.10 
	X> .21 
	X>.14 

	-
	-

	TR
	B-707/JT3D 

	TR
	Average (X) 
	0.05 
	0 
	0.13 
	0 
	0.02 
	0.02 
	0 
	0.02 

	TR
	Standard Dev. 
	0.14 
	0 
	0.29 
	0 
	0.07 
	0.06 
	0 
	0.06 

	TR
	T-A........._. 'Pt.T--.U..I.UU.~U3 .I.•V&&.I..& 
	-

	v _.. 10 ~ ........... .., 
	n.., 
	v ....... , ............_ 
	n.., 
	X<.09 
	X<.08 
	0 
	X<.08 

	TR
	Yellow Range 
	.19 <X< .33 
	0 
	.42 <X< .71 
	0 
	.09<X<.16 
	.08<X<.14 
	0 
	.08<X<.14 

	TR
	Red Range 
	X>.33 
	0 
	X> .71 
	0 
	X> .16 
	X> .14 
	0 
	X>.14 

	TR
	DC-8/JT3D 

	TR
	Average (X) 
	0.03 
	0.22 
	0.08 
	0.02 
	0.12 
	0.04 
	0.07 
	0.05 

	TR
	Standard Dev. 
	0.1 
	0.3 
	0.21 
	0.06 
	0.34 
	0.08 
	0.19 
	0.13 

	TR
	Industry Norm 
	X< .13 
	X<.52 
	X<.29 
	X<.08 
	X< .46 
	X<.12 
	X<.26 
	X<.18 

	TR
	Yellow Range 
	• 13 <X< .23 
	.52 <X< .82 
	.29 <X< .50 
	.08<X<.14 
	.46 <X< .80 
	.12<X<.20 
	.26 <X< .45 
	.18 <X< .31 . 

	TR
	L__ ______ 
	Red Range 
	X> .23 
	X>.82 
	X>.50 
	X> .14 
	X>.80 
	X>.20 
	X>.45 
	X> .31 
	I 


	TABLE 3: IN-FLIGHT SHUTDOWN CALCULATIONS (CONTINUED) 
	B-767/CFG Average (X) Standard Dev. Indusby Norm Yellow Range Red Range 
	B-767/CFG Average (X) Standard Dev. Indusby Norm Yellow Range Red Range 
	B-767/CFG Average (X) Standard Dev. Indusby Norm Yellow Range Red Range 
	JUN'89 0 0 0 0 0 
	JUL'89 0 0 0 0 0 
	AUG '89 0.02 0.05 X<.07 .07<X < .12 X>.12 
	SEP'89 0 0 0 0 0 
	OCT'89 0.03 0.07 X<.10 .10<X<.17 X> .17 
	NOV'89 0 0 0 0 0 
	DEC'89 0.02 0.05 X<.07 .07 <X< .12 X> .12 
	JAN'90 0 0 0 0 0 

	TR
	! 

	-
	-
	B-DC-10/CFG Average (X) Standard Dev. Indusby Norm Yellow Range Red Range 
	0.01 0.03 X<.04 .04 <X< .07 X>.07 
	0.05 0.06 X<.ll .ll<X<.17 X>.17 
	0.01 0.03 X<.04 .04 <X< .07 X>.07 
	0.05 0.07 X< .12 .12<X<.19 X> .19 
	0.03 0.05 X<.08 .08 <X< .13 X> .13 
	0.04 0.04 X<.08 .08 <X< .12 X> .12 
	0.01 0.02 X<.03 .03 <X< .05 X>.05 
	0.05 0.07 X<.12 .12 <X< .19 X> .19 

	1\) 
	1\) 

	TR
	B-707/Jf3D Average (X) Standard Dev. Indusby Norm Yellow Range Red Range 
	0 0 0 0 0 
	0.02 0.07 X<.09 .09<X<.16 X> .16 
	0.03 0.1 X< .13 .13 <X< .23 X>.23 
	0 0 0 0 0 
	0.07 0.16 X<.23 .23 <X< .39 X>.39 
	0.13 0.25 X<.38 .38 <X< .63 x>.63 
	0.09 0.16 X<.25 .25 <X< .41 X> .41 
	0.04 0.12 X< .16 .16<X<.28 X>.28 

	TR
	DC-8/Jf3D Average (X) Standard Dev. lndusby Norm Yellow Range Red Range 
	0.08 0.16· X<.24 .24 <X< .40 X>.40 
	0.07 0.15 X<.22 .22 <X< .37 X>.37 
	0.13 0.18 X<31 .31 <X< .49 X>.49 
	0.06 0.13 X< .19 .19 <X< .32 X>.32 
	0.06 0.14 X<.20 .20 <X< .34 X>.34 
	0.13 0.28 X< .41 .41 <X< .69 X>.69 L__, 
	0.1 0.17 X<.27 .27 <X< .44 X>.44 
	0.09 0.19 X<.28 .28 <X< .47 X>.47 -------------
	-



	~ 
	,, 

	~ 
	TABLE 4: ENGINE REMOVAL CALCULATIONS 
	FEB'88 
	FEB'88 
	FEB'88 
	MAR'88 
	APR'88 
	MAY'88 
	JUN'88 
	JUL'88 
	AUG'88 
	SEPT'88 

	B-727/JTBD 
	B-727/JTBD 

	. Average (X) 
	. Average (X) 
	0.15 
	0.12 
	0.08 
	0.15 
	0.12 
	0.17 
	0.14 
	0.1 

	Standard Dev. 
	Standard Dev. 
	0.37 
	0.16 
	0.14 
	0.25 
	0.17 
	0.25 
	0.19 
	0.2 

	Industry Norm 
	Industry Norm 
	X< .52 
	X< .28 
	X<.22 
	X<.40 
	X<.29 
	X< .42 
	.X<.33 
	X<.30 

	Yellow Range 
	Yellow Range 
	.52 <X< .93 
	.28 <X< .44 
	.22 <X< .36 
	.40 <X< .65 
	.29 <X< .46 
	.42 <X< .67 
	.33<X< .52 
	.30<X< .50 

	Red Range 
	Red Range 
	X>.93 
	X> .44 
	X>.36 
	X>.65 
	X> .46 
	X>.67 
	X> .52 
	X>.50 

	B-737/JTBD 
	B-737/JTBD 
	' 

	Average (X) 
	Average (X) 
	0.16 
	0.16 
	0.1 
	0.09 
	0.12 
	0.08 
	0.11 
	0.12 

	Standard Dev. 
	Standard Dev. 
	0.24 
	0.25 
	0.14 
	0.17 
	0.19 
	0.17 
	0.17 
	0.18 

	Industry Norm 
	Industry Norm 
	X< .40 
	X< .41 
	X<.24 
	X<.26 
	X<.31 
	X<.25 
	X<.28 
	X<.30 

	Yellow Range 
	Yellow Range 
	.40 <X< .64 
	.41 <X< .66 
	.24 <X< .38 
	.26 <X< .43 
	.31<X <.50 
	.25 <X< .42 
	.28 <X< .45 
	.30 <X< .48 

	-
	-
	Red Range 
	X>.64 
	X> .66 
	X>.38 
	X>.43 
	X>.50 
	X> .42 
	X> .45 
	X> .48 

	CH 
	CH 

	TR
	DC-9/JTBD 

	TR
	Average (X) 
	0.12 
	0.19 
	0.14 
	0.14 
	0.21 
	0.1 
	0.14 
	0.14 

	TR
	Standard Dev. 
	0.16 
	0.23 
	0.16 
	0.2 
	0.29 
	0.11 
	0.16 
	0.16 

	TR
	--· . 
	-


	TR
	Industry Norm 
	X<.28 
	X< .42 
	X<.30 
	X<.34 
	X<.50 
	X< .21 
	X<.30 
	X<.30 

	TR
	Yellow Range 
	.28 <X< .44 
	.42 <X< .65 
	.30 <X< .46 
	.34 <X< .54 
	.50 <X< .79 
	.21 <X< .32 
	.30<X< .46 
	.30 <X< .46 

	TR
	Red Range 
	X> .44 
	X>.65 
	X>.46 
	X>.54 
	X>.79 
	X>.32 
	X> .46 
	X>.46 

	TR
	A-300/CF6 

	TR
	Average (X) 
	0.31 
	0.42 
	0.26 
	0.39 
	0.26 
	0.37 
	0.22 
	0.33 

	TR
	Standard Dev. 
	0.11 
	0.11 
	0.22 
	0.46 
	0.23 
	0.3 
	0.21 
	0.29 

	TR
	Industry Norm 
	X<.42 
	X<.53 
	X< .48 
	X<.85 
	X< .49 
	X<.67 
	X< .43 
	X<.62 

	TR
	Yellow Range 
	.42 <X< .53 
	.53 <X< .64 
	.48 <X< .70 
	.85<X< 1.31 
	.49 <X< .72 
	.67 <X< .97 
	.43 <X< .64 
	.62 <X< .91 

	TR
	Red Range 
	X> .53 
	X>.64 
	X>.70 
	X> 1.31 
	X>.72 
	X>.97 
	X>.64 
	X> .91 


	TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 
	OCT'88 NOV'88 DEC'88 JAN'89 FEB'89 MAR'89 APR'89 MAY'89 B-727/Jf8D 
	Average (X) 0.1 0.07 0.07 0.07 0.12 0.1 0.15 0.08 Standard Dev. 0.2 0.11 0.12 0.14 0.2 0.13 0.25 0.09 Indusby Norm X<.30 X< .18 X< .19 X< .21 X<.32 X<.23 X< .40 X<.l7 
	Yellow Range .30 <X< .50 .18 <X< .29 .19<X<.31 .21 <X< .35 .32 <X< .52 .23 <X< .36 .40 <X< .65 .17 <X< .26 Red Range X>.50 X>.29 X> .31 X>.35 X>.52 X>.36 X>.65 X>.26 
	B-737/Jf8D 
	Average (X) 0.13 0.12 0.11 0.13 0.9 0.08 0.06 0.08 Standard Dev. 0.24 0.21 0.17 0.2 0.15 0.15 0.1 0.11 Indusby Norm X<.37 X<.33 X<.28 X<.33 X<.26 X<.23 X<.l6 X< .19 
	Yellow Range .37<X< .61 .33 <X< .54 .28 <X< .45 .33 <X< .53 .26 <X< .41 .23 <X< .38 .16 <X< .26 .19 <X< .30 
	Red Range X>.61 X>.54 X> .45 X>.53 X> .41 X>.38 X>.26 X>.30 A 
	-

	DC-9/Jf8D Average (X) 0.14 0.19 0.1 0.13 0.3 0.16 0.18 0.12 ' 
	I 
	! ' Yellow Range .39 <X< .64 .40<X< .61 .21 <X< .40 .30<X< .47 .77 <X< 1.24 .43 <X> .70 .46 <X< .74 .28<X< .44 Red Range X>.64 X>.61 X> .40 X>.47 X> 1.24 X>.70 X>.74 X>.44 
	Standard Dev. 0.25 0.21 0.15 0.17 0.47 0.27 0.28 0.16 
	Indusby Norm X<.39 X<.40 X<.25 X<.30 X<.77 X<.43 X< .46 X<.28 
	I 

	• 
	A-300/CF6 
	Average (X) 0.23 0.44 0.38 0.28 0.53 0.73 0.15 0.4 Standard Dev. 0.28. 0.22 0.21 0.31 0.41 0.68 0.1 0.41 _: Indusby Norm X< .51 X<.66 X<.59 X<.94 X<.94 X< 1.41 X<.25 X<.81 
	Yellow Range .51 <X< .79 .66 <X< .88 .59 <X< .80 .59 <X< .90 .94 <X< 1.35 1.41 <X< 2.m .25 <X< .35 81 <X< 1.22 Red Range X>.79 X>.88 X>.80 X>.90 X> 1.35 X> 2.09 X>.35 X> 1.22 
	'· 
	II 
	TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 
	JUN'89 
	JUN'89 
	JUN'89 
	JUL'89 
	AUG'89 
	SEP'89 
	OCT'89 
	NOV'89 
	DEC'89 
	JAN'90 

	B-727/.ITSD 
	B-727/.ITSD 

	Average (X) 
	Average (X) 
	0.11 
	0.16 
	0.12 
	0.07 
	0.09 
	0.07 
	0.06 
	0.1 

	Standard Dev. 
	Standard Dev. 
	0.17 
	0.21 
	0.19 
	0.11 
	0.15 
	0,09. 
	0.11 
	0.16 

	Industry Norm 
	Industry Norm 
	X<.28 
	X<.37 
	X<.31 
	X< .18 
	X<.24 
	X<.16 
	X<.l7 
	X<.26 

	Yellow Range 
	Yellow Range 
	.28 <X< .45 
	.37<X< .58 
	.31 <X< .50 
	.18 <X< .29 
	.24 <X< .39 
	.16 <X< .25 
	.17 <X< .28 
	.26 <X< .42 

	· 
	· 
	RedRange 
	X> .45 
	X>.58 
	X>.50 
	X>.29 
	X> .39 
	X>.25 
	X> .28 
	X> .42 

	B-737/.ITSD 
	B-737/.ITSD 

	Average (X) 
	Average (X) 
	0.15 
	0.08 
	0.12 
	0.08 
	0.06 
	0.05 
	0.08 
	0.13 

	Standard Dev. 
	Standard Dev. 
	0.22 
	0.13 
	0.16 
	0.13 
	0.11 
	0.09 
	0.1 
	0.18 

	Industry Norm 
	Industry Norm 
	X<.37 
	X<.21 
	X<.28 
	X< .21 
	X< .17 
	X< .14 
	X<.18 
	X< .31 

	Yellow Range 
	Yellow Range 
	.37 <X< .59 
	.21 <X< .34 
	.28 <X< .44 
	.21<X<.34 
	.17 <X< .28 
	.14 <X< .23 
	.18 <X< .28 
	.31 <X< .49 

	-
	-
	Red Range 
	X>.59 
	X>.34 
	X>.44 
	X>.34 
	X>.28 
	X>.23 
	X> .28 
	X>.49 

	en 
	en 

	TR
	DC-9/.ITSD 

	TR
	Average (X) 
	0.1 
	0.11 
	0.19 
	0.14 
	0.1 
	0.1 
	0.12 
	0.12 

	TR
	Standard Dev. 
	0.12 
	0.15 
	0.25 
	0.19 
	0.14 
	0.12 
	0.15 
	0.13 

	TR
	Industry Norm 
	X<.22 
	X<.26 
	X<.44 
	............ A<,.>.> 
	...... ,.., .. A<,..C."i" 
	" -nnA.._ ,..&..&. 
	" -~' "'"'.MI 
	'V -oc:: ..n.' .~..., 

	TR
	Yellow Range 
	.22 <X< .34 
	.26 <X< .41 
	.44<X< .69 
	.33 <X< .52 
	.24 <X< .38 
	.22 <X< .34 
	.27<X< .42 
	.25 <X< .38 

	TR
	Red Range 
	X>.34 
	X>.41 
	X>.69 
	X>.52 
	X>.38 
	X> .34 
	X>.42 
	X> .38 

	TR
	A-300/CF6 
	.. 

	TR
	Average (X) 
	0.55 
	0.19 
	0.3 
	0.25 
	0.25 
	0.33 
	0.29 
	0.35 

	TR
	Standard Dev. 
	0.59 
	0.25 
	0.15 
	0.13 
	0.13 
	0.27 
	0.11 
	0.15 

	TR
	Industry Norm 
	X< 1.14 
	X<.44 
	X<.45 
	X<.38 
	X<.38 
	X<.60 
	X<.40 
	X<.50 

	TR
	Yellow Range 1.14 <X< 1.7~ 
	.44 <X< .69 
	.45 <X< .60 
	.38 <X< .51 
	.38 <X< .51 
	.60<X< .87 
	.40 <X< .51 
	.50<X< .65 

	TR
	L...-.._____ 
	Red Rang~-----~ 
	-

	X> 1.73 
	X>.69 
	X>.60 
	X> .51 
	X> .51 
	X>.87 
	X>.51 
	X>.65 


	TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 
	B-767/CFG Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	B-767/CFG Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	B-767/CFG Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	FEB'88 0.14 0.18 X<.32 .32 <X< .50 X>.50 
	MAR'88 0.14 0.18 X<.32 .32 <X< .50 X>.50 
	APR '88 0.06 0.07 X<.l3 .13<X< .20 X>.20 
	MAY'88 0.09 0.1 X< .19 .19<X<.29 X> .29 
	JUN'88 0.08 0.1 X<.l8 .18<X<.28 X>.28 
	JUL'88 0.15 0.11 X<.26 .26 <X< .37 X>.37 
	AUG'88 0.09 0.08 X<.l7 .17 <X< .25 X>.25 
	SEPT'88 0.1 0.13 X<.23 .23 <X< .36 X>.36 

	0\ 
	0\ 
	DC-10/CFG Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	0.23 0.16 X<.39 .39 <X< .55 X>.55 
	0.25 0.23 X<.48 .48 <X< .71 X> .71 
	0.17 0.15 <.32 .32 <X< .47 X>.47 
	0.29 0.42 X<.71 .71 <X< 1.13 X> 1.13 
	0.22 0.25 X<.47 .47<X< .72 X>.72 
	0.2 0.21 X<.41 .41 <X< .62 X>.62 
	0.31 0.29 X<.60 .60<X< .89 X>.89 
	0.18 0.26 X<.44 .44<X< .70 X>.70 

	TR
	B-707/JT3D Average (X) 0.21 Standard Dev. 0.48 Industry Norm X<.69 Yellow Range .69 <X< 1.17 Red Range X> 1.17 
	0.11 0.21 X<.32 .32 <X< .53 X> .53 
	0.06 0.17 X< .23 .23<X< .40 X>.40 
	0.04 0.15 X< .19 .19 <X< .34 X> .34 
	0.04 0.12 X<.l6 .16 <X< .28 X>.28 
	0.09 -0.19 X<.28 .28 <X< .47 X>.47 
	0.29 0.55 X<.84 .84 <X< 1.39 X> 1.39 
	0.05 0.16 X< .21 .21 <X< .37 X>.37 

	TR
	DC-8/JT3D Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	0.09 0.2 . X<.29 .29 <X< .49 X>.49 
	0.17 0.29 X<.46 .46 <X< .75 X>.75 
	0.17 0.27 X<.44 .44 <X< .71 X> .71 
	0.2 0.32 X<.52 .52 <X< .84 X>.84 
	0.05 0.12 X<.l7 .17 <X< .29 X>.29 -----
	-

	0.11 0.08 X< .31 .31 <X< .51 X>.51 
	0.08 0.14 X<.22 .22 <X< .36 X>.36 --
	-
	-

	0.1 0.18 X<.28 .28 <X< .46 X>.38 -
	-


	TR
	,, 
	'-· 


	TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 
	B-767/CFG · Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	B-767/CFG · Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	B-767/CFG · Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	OCT'88 0.15 0.15 X<.30 .30 <X< .45 X> .45 
	NOV'88 0.09 0.11 X< .20 .20 <X< .31 X> .31 
	DEC'88 0.15 0.11 X< .26 .26 <X< .37 X> .37 
	JAN'89 0.17 0.13 X< .30 .30 <X< .43 X> .43 
	FEB '89 0.17 0.07 X<.24 .24 <X< .31 X> .31 
	MAR '89 0.08 0.08 X<.16 .16 <X< .24 X>.24 
	APR '89 0.31 0.3 X< .61 .61<X<.91 X> .91 
	MAY'89 0.12 0.18 X<.30 .30 <X< .48 X> .48 

	-
	-
	DC-10/CF6 Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	0.09 0.12 X<.21 .21 <X< .33 X> .33 
	0.21 0.22 X< .43 .43 <X< .65 X>.65 
	0.21 0.23 X<.44 .44 <X< .67 X> .67 
	0.08 0.11 X< .19 .19<X<.30 X>.30 
	0.23 0.26 X<.49 .49 <X< .75 X>.75 
	0.29 0.42 X<.71 .71 <X< 1.13 X> 1.13 
	0.24 0.3 X<.54 .54 <X< .84 X>.84 
	0.13 0.15 X<.28 .28 <X< .43 X>.43 

	........ 
	........ 

	TR
	B-707/Jf3D Average (X) Standard Dev. Industry Norm Yellow Range Red Range 
	0.05 0.14 X< .19 .19 <X< .33 X>.33 
	0.09 0.25 X<.34 .34<X< .59 X> .59 
	0.1 0.23 X<.33 .33 <X< .56 X> .56 
	0.04 0.1 X< .14 .14 <X< .24 X> .24 
	0.09 0.28 X<.37 .37 <X< .65 X>.65 
	0.02 0.06 X<.08 .08<X<.14 X> .14 
	0.02 0.06 X<.U8 .08<X<.14 X> .14 
	0.14 0.31 X< .45 .45<X< .76 X>.76 

	TR
	DC-8/JT3D Average (X) Standard Dev. Industry Norm Yellow Range '-__ ~d Range 
	-

	0.1 0.26 X<.36 .36 <X< .62 X>.62 
	0.16 0.22 X<.38 .38 <X< .60 X>.60 
	0.14 0.26 X<.40 .40 <X< .66 X>.66 
	0.11 0.3 X< .41 .41<X<.71 X> .71 
	0.16 0.37 X<.53 .53<X< .90 X>.90 
	0.11 0.21 X<.32 .32 <X< .53 X>.53 
	0.06 0.12 X< .18 .18 <X< .30 X>.30 
	0.11 0.19 X<.30 .30<X< .49 X>.49 


	TABLE 4: ENGINE REMOVAL CALCULATIONS (CONTINUED) 
	Table
	TR
	JUN'89 
	JUL'89 
	AUG'89 
	SEP'89 
	OCT'89 
	NOV'89 
	DEC'89 
	JAN'90 

	TR
	B-767/CFG 

	TR
	Average (X) 
	0.09 
	0.24 
	0.3 
	0.24 
	0.19 
	0.13 
	0.02 
	0 

	TR
	Standard Dev. 
	0.07 
	0.14 
	0.19 
	0.17 
	0.16 
	0.14 
	0.08 
	0.12 

	TR
	Industry Norm 
	X<.16 
	X<.38 
	X<.49 
	X< .41 
	X<.35 
	X<.27 
	X<.20 
	<.22 

	TR
	Yellow Range 
	.16<X<.25 
	.38 <X< .52 
	.49 <X< .68 
	.41 <X< .58 
	.35 <X< .51 
	.27<X< .41 
	.20<X< .28 
	.22 <X< .34 

	TR
	Red Range 
	X>.25 
	X>.52 
	X>.68 
	X>.58 
	X> .51 
	X> .41 
	X>.28 
	X>.34 

	TR
	B-DC-10/CFG 

	TR
	Average (X) 
	0.18 
	0.25 
	0.1 
	0.19 
	0.15 
	0.07 
	0.1 
	0.16 

	TR
	Standard Dev. 
	0.2 
	0.2 
	0.1 
	0.16 
	0.14 
	0.08 
	0.09 
	0.17 

	TR
	Industry Norm 
	X< .38 
	X<.45 
	X<.20 
	X< .35 
	X< .29 
	X< .15 
	X< .19 
	X<.33 

	TR
	Yellow Range 
	.38 <X< .58 
	.45 <X< .65 
	.20 <X< .30 
	.35 <X< .51 
	.29 <X< .43 
	.15 <X< .23 
	.19<X< .28 
	.33 <X< .50 

	TR
	Red Range 
	X>.58 
	X>.65 
	X>.30 
	X> .51 
	X>.43 
	X>.23 
	X>.28 
	X>.50 

	-
	-

	Q) 
	Q) 

	TR
	B-707/JrSD 

	TR
	Average (X) 
	0 
	0.08 
	0.05 
	0.15 
	0.21 
	0.13 
	0.09 
	0.07 

	TR
	Standard Dev. 
	0 
	0.16 
	0.11 
	0.25 
	0.33 
	0.25 
	0.2 
	0.13 

	TR
	Industry Norm 
	0 
	X<.24 
	X< .16 
	X<.40 
	X<.54 
	X<.38 
	X<.29 
	X<.20 

	TR
	Yellow Range 
	0 
	.24 <X< .40 
	.16<X< .27 
	.40 <X< .65 
	.54 <X< .87 
	.38 <X< .63 
	.29 <X< .49 
	.20 <X< .33 

	TR
	Red Range 
	0 
	X> .40 
	X> .27 
	X>.65 
	X>.87 
	X> .63 
	X>.49 
	X>.33 

	TR
	DC-8/Jf3D 

	TR
	Average (X) 
	0.02 
	0.06 
	0.09 
	0.07 
	0.09 
	0.13 
	0.12 
	0.07 

	TR
	Standard Dev. 
	0.06• 
	0.14 
	0.15 
	0.16 
	0.13 
	0.28 
	0.21 
	0.16 

	TR
	Industry Norm 
	X<.08 
	X<.20 
	X<26 
	X<.23 
	X<.22 
	X< .41 
	X<.33 
	X<.23 

	TR
	Yellow Range 
	.08<X<.14 
	.20 <X< .34 
	.26<X< .41 
	.23 <X< .39 
	.22<X< .35 
	.41 <X< .69 
	.33 <X< .54 
	.23 <X< .39 

	TR
	Red Range 
	X> .14 
	X>.34 
	X> .41 
	X>.39 --
	-

	X>.35 ----
	-

	X>.69 -
	-

	X>.54 
	X>.39 
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	FIGURE 1 -SAMPLE DATA COMPARING AIRUNE ABC TO TilE REST OF THE INDUSTRY FOR B-727Jf8D UNSCHEDULED ENGINE REMOVAL RA1ES. 
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	FIGURE 2 -SAMPlE DATA COMPARING AIRlJNE ABC 10TI-lE REST OF THE INDUSIRY FOR B-727 JI8D IN-FUGHr ENGINE SHUIDOWN RA1ES . 
	• 
	TABLE 5: B-727/JTSD AIRLINE MACRO SCAN 
	Ranking ofmasked airlines operating B-727 and JTSD which experienced higher than 
	normal m-flfght shutdowns and engine removals 
	AIRLINE %In-Flight RaDJdngof % J!:ngtne Rankfngof Shutdown Shutdown ReJDOVal EDg:lne Removal Ez:ceedance Ez:ceedance Ez:ceedance Ez:ceedance 
	OPO 62.50% 1 100.00% 1 ABC 58.30% .2 29.00% 11 GGA 25.00% 4 22.80% 14 RAB 20.80% 8 25.00% 9 DDA 20.70% 10 27.80% 7 BKB 20.60% 11 24.90% 12 FFF 18.50% 12 37.50% 4 Gill 18.50% 13 23.80% 13 XYZ 16.60% 14 19.30% 19 CTA 12.50% 17 26.90% 8 ppp 



	12.50% 18 16..60% 21 FPC 20.80% 9 4.0()0.,-i, 26 
	12.50% 18 16..60% 21 FPC 20.80% 9 4.0()0.,-i, 26 
	TABLE 6: B-737/JTSD AIRLINE MACRO SCAN 
	Ranking of masked airlines operating B-737/JTSD which experienced higher than 
	normal m-flfght shutdowns and engine removals 
	AIRLINE %In-Flight Ranking of %Engine Ranking of Shutdown Shutdown Romoval Engine Removal Ez:ceedance Ez:ceedance Exceedance Exceedance 
	CTA 25.00% 1 51.90% 1 
	RAB 22.80% 3 26.30% 3 
	NNN 24.90% 2 18.60% 5 
	ABC 20.80% 4 16.60% 7 
	MNO 20.80% 5 16.60% 8 
	GGA 16.60% 6 20.80% 4 
	FPC 16.60% 7 10.30% 12 
	www 14.50% 8 13.80% 11 
	Gill 12.50% 9 15.20% 10 
	PVK 12.50% 11 29.00% 2 
	21 
	TABLE 7: DC-9/JTSD AIRLINE MACRO SCAN 
	Ranking ofmasked airlines operating DC-9/JrSD which expertenced higher than 
	normalin-tlfght shutdowns and engtne removals 
	AIRLINE %In-Flight 
	Shutdown 
	Ezceed.ance 
	CTA 33.30% BKB 14.50% GGA 14.40% ODD 12.30% XYZ 15.20% FPC 12.40% LWZ 12.40% 
	TABLE 8: 
	RaDidDgof Shutdown 
	Ezceed.ance 
	1 3 4 7 2 5 6 
	%Engtne 
	%Engtne 
	%Engtne 
	RaDidDg of 

	RemcmLl 
	RemcmLl 
	Engtne Removal 

	Ezceedance 
	Ezceedance 
	Ezceedance 

	45.80% 
	45.80% 
	2 

	16.60% 
	16.60% 
	8 

	17.90% 
	17.90% 
	7 

	43.60% 
	43.60% 
	3 

	6.00% 
	6.00% 
	15 

	12.50% 
	12.50% 
	11 

	20.70% 
	20.70% 
	6 


	A-300/CFS AIRLINE MACRO SCAN 
	Ranking ofmasked airlines operating A-300/CFS which expertenced higher than 
	normalin-tlfght shutdowns and engtne removals 
	AIRLINE 
	AIRLINE 
	AIRLINE 
	% In-FUght 

	TR
	Shutdown 

	TR
	Ezceed.ance 

	ABC 
	ABC 
	17.00% 

	XYZ 
	XYZ 
	13.00% 

	DDA 
	DDA 
	17.00% 

	CTA 
	CTA 
	13.00% 


	RaDkiDg of Shutdown 
	Ezceed.ance 
	1 4 2 3 
	%Engtne RemcmLl Ezceed.ance 
	%Engtne RemcmLl Ezceed.ance 
	%Engtne RemcmLl Ezceed.ance 
	RaDidDgof EDgt.ne Removal Ezceed.ance 

	17.00% 21.00% 13.00% 8.00% 
	17.00% 21.00% 13.00% 8.00% 
	2 1 3 4 
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	TABLE 9: B-767/CF6 AIRLINE MACRO SCAN 
	Ranking ofmasked airlines operating B-767/CF6 which exp1~rtenced higher than normal in-flJght shutdowns and engine removals 
	AIRLJNE 
	AIRLJNE 
	AIRLJNE 
	%In-Flight 
	Raukiugof 
	%:Engtne 
	Ranking of 

	TR
	Shutdown 
	Shutdown 
	Rt!moval 
	Engine Removal 

	TR
	Exceedance 
	Exceedance 
	Ezceedance 
	Exceedance 


	FPC 13.00% 1 29.00% 1 DDA 8.00% 2 25.00% 2 sss 4.00% 3 4.00% 3 
	TABLE 10: DC-10/CF6 AIRLINE MACRO SCAN 
	Ranking ofmasked airlines operating DC-10/CF6 which expertenced higher than normal in-flJght shutdowns and engine removals 
	AIRLINE 
	AIRLINE 
	AIRLINE 
	%In-Flight 
	Ranking of 
	%:Eu.gtne 
	Ran.ldng of 

	TR
	Shutdown 
	Shutdown 
	REmoval 
	Engine Removal 

	TR
	Exceedance 
	Exceedance 
	Ezceedance 
	Exceedance 


	DEF 23.00% 1 RAB 23.00% 
	29.00% 
	2 

	2 1:3.00% 5 CfA 14.50% 4 
	38.00% 1 
	3 1!5.30% 4 TMR 
	DDA 
	15.70% 

	10.50% 5 2!~.()()0,.(, XYZ 
	3 


	6 1:3.00% 6 
	6 1:3.00% 6 
	4.00% 
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	TABLE 11: B-707/JT30 AIRLINEMACRO SCAN 
	Ranking of masked airlines operating B-707 /JT3D which experienced higher than nomup 1n-fUght shutdowns and engine remcMlls 
	AIRLJNE 
	AIRLJNE 
	AIRLJNE 
	% In-Fllght 
	-_.._. 
	of 
	%Engine 
	Rauklugof 

	TR
	Shutdown 
	Shutdown 
	Removal 
	Ezl&lne Removal 

	TR
	EzceeclaDce 
	El:ceeclance 
	Ezceeclance 
	Ezceeclance 


	UNS 50.00% 1 54.00% 1 MMM 46.00% 2 50.00% 2 z:zz 8.00% 3 21.00% 3 VOl 4.00% 4 4.00% 5 TIT 4.00% 5 4.00% 6 
	TABLE 12: DC-8/JT3D AIRLINE MACRO SCAN 
	Ranking ofmasked airlines operating DC-8/JT3D which experienced higher than normalin-fUght shutdowns and engine removals 
	AIRLINE %In-Flight Ranking of %Engble Rauldug of Shutdown Shutdown Removal EDgtne Removal Ezceeclance Ezceeclance EzceeclaDce Ezceeclance 
	JJJ 50.00% 1 46.00% 2 RCW 29.00% 3 58.00% 1 XCU 31.00% 2 27.00% 3 ITA 25.00% 4 23.00% 5 
	yyy 
	25.00% 5 25.00% 4 ZOG 21.00% 6 17.00% 8 ANO 17.00% 7 21.00% 6 HHH 10.50% 9 15.00% 9 
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	COMPQNENT FAILURE RESULTS 
	Based on the results from the actuarial analysts. 10 airlines operating JTSD engines were further analyzed to identlfy which engine components caused 1he higher than normal shutdown and removal rates. The operators. analyzed by airframe. included eight operators of B-727, five operators ofB-737 and five DC-9 operators. Note, that four operators were identlfied as having high exceedances while operating two of these airframes and two operators had high exceedances while operating JT8Ds on all three airframe 
	TABLE 13: MASKED AIRLINES OPERATING JT8D ENGINES WTIH VARIOUS 
	AIRFRAMES IDENTIFIED FOR COMPONENT PERFORMANCE ANALYSIS 
	Configuration of Performance Summary 
	B-727 /JTSD 
	B-727 /JTSD 
	B-727 /JTSD 
	B-737 /JT8D 
	DC-9/JTSD 

	BKB 
	BKB 
	erA 
	erA 

	DDA 
	DDA 
	MNO 
	ODD 

	erA 
	erA 
	RAB 
	GGA 

	XYZ 
	XYZ 
	GGA 
	XYZ 

	OPO 
	OPO 
	DOD 
	BKB 

	GGA 
	GGA 

	ABC 
	ABC 

	RAB 
	RAB 
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	TABlE 14: JI'SD COMPONENT FAILURE TRENDS 1983 10 1990 Data Obtained From Air Carriers Consistently Exceeding Engine Fleet Norm Of 
	in-flight Shutdowns And Engine Removals 
	TQTAL FAILURES FAILING COMPONENTS 
	39 
	BlEED AIR DUCTS AND VALVES 
	• 
	• 
	• 
	8th Stage Duct Cracking 

	• 
	• 
	13th Stage Duct Cracking 

	• 
	• 
	StuckValve/Wired Open, Etc. 

	• 
	• 
	Other 


	64 MAIN BEARING 
	• 
	• 
	• 
	#3 Main Bearing 

	• 
	• 
	#4 Main Bearing 

	• 
	• 
	Gearbox Bearings 

	• 
	• 
	Other 


	107 OIL SYSTEM FAILURES 
	• 
	• 
	• 
	0-Ring Packing Cracked/Pinched

	• 
	• 
	Bypass Switch/Line

	• 
	• 
	Oil Pump

	• 
	• 
	#6 Bearing 011 Tube Leak 

	• 
	• 
	Oil Line Leaks 

	• 
	• 
	Carbon Plugging of 011 Screen 

	• 
	• 
	011 Screen Studs Stripped/ Pulled Loose 

	• 
	• 
	011 Cap Unsecured 

	• 
	• 
	011 Pressure Relief Valve 

	• 
	• 
	Other 


	13 ENGINE CASE FAILURE 
	• 
	• 
	• 
	Fan 

	• 
	• 
	Intermediate 

	• 
	• 
	Diffuser 

	• 
	• 
	Other 


	MJMBEROF 
	OCCURRENCES 
	4 14 2 19 
	32 7 10 15 
	6 8 
	9 
	16 
	1 5 
	5 
	9 5 43 
	4 3 
	3 3 
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	TABlE 14. JTBD COMPONENT FAIWRE TRENDS 1983 TO 19!K> (CONTINUED) 
	FUEL SYSTEM FAILURES 
	• 
	• 
	• 
	Fuel Control/Pump 54 

	• 
	• 
	Fuel Nozzle Coking 17 

	• 
	• 
	Fuel/Oil Heater 27 -Housing 1 -Gasket 2 -Valve Wired Open 10 


	• Other 17 
	189 FAN/COMPRESSOR/TURBINE BLADE/VANE FAILURES 
	• 
	• 
	• 
	Fan Blades 14 

	• 
	• 
	Compressor Blades 34 

	• 
	• 
	Compressor Stators 8 

	• 
	• 
	Turbine Vanes 6 -1st Stage -Other Stages 

	• 
	• 
	Turbine Blades 85 -1st Stage -2ndStage -3rdStage -4th Stage


	• Other 42 
	The SDR data base was searched for any engine component dffflcultles reported for these 10 
	airlines over the time period from 1983 through April 1990. Table14 summarizes these failures by general engine components. 
	Actual failures as submitted to the SDR data base by the 10 masked airlines are shown in appendix A. 
	The JTBD engine has an excellent reliability record and this ad:uarial review did not document any serious, safety-of-flight component failure patterns. How~~er, this actuarial analysis did document some reliability problems, some of which are being worked by the prime engine manufacturer, requiring prompt installation of improved rel:lability configurations. 
	The JTBD engine SDR review identified two hard failure items in the #3 main bearing and the #4.5 to #6 bearing oil tube. Pratt & Whitney Aircraft (PWA) has been redesigning the #3 bearing for some time and testing improved configurations. An enhanced bearing should be available soon for airline installation. The #4.5 to #6 bearing oil tube cracking problem has some serious operational impacts. Typically, cracking in this tube permits vast oil leaks with resultant drop in oil pressure and rise in oil tempera
	27 
	Several wear and tear failure patterns were obsetved during this actuarial review. The two most notable obsetvations involved turbine blade failures and the failure of the 13th stage bleed aJr duct. The turbine blade failures were all reported as being contained failures and the random failure pattern among the four stages ofthe turbine appear to be the result ofwear and tear of this rotating hot section component. The 13th stage bleed aJr duct failures were another one of those failures causing dramatic op
	The SDR review also identified some diagnostic troubleshooting problems and some maintenance practices problems experienced by certain carriers. The most prevalent 
	diagnostic troubleshooting obsetvation involved engine fuel control and fuel pump removals for suspected malfunctions. However, the description of the maintenance actions taken as recorded in the SDR's indicated that two possible problems existed: (1) current instructions were vague in regard to diagnostic troubleshooting of these two fuel system items, or (2) existing diagnostic procedures were not being followed by maintenance personnel. There is also the possibility that a combination of the two causes e
	The analysis also identified maintenance practices as contributing to in-flight shutdowns. iYPical maintenance practices problems included: engine oil cap unsecured, fuel/oil heater valve wired open, oil screen studs pulled loose, and oil seals pinched. These practices often resulted in loss of power or loss of oil with the resultant engine shutdown and unscheduled engine removal. However, diagnostic troubleshooting problems and maintenance practices were not within the scope ofthis study effort and no furt
	ENGINE CASE FAILURE ANALXSIS 
	Due to the concern of engine cases lacking assigned service lives, an increased emphasis to identify all engine case failures was pursued. To this effect, 24 JTSD engine case failures were identified from the period of 1983 to 1990. Note that this number includes the 13 engine case failures previously identified for the 10 atrltnes in table 13 plus all other US airlines operating JTSD engines for that same period. 
	A complete review, conducted with engineers at PWA, summarJzed and prioritized the criticality of these case failures. Discussion included background information on engine cases, case thicknesses, the manufacturing and welding processes, material properties, case failure modes, and current inspection methods. The two components ofgreatest concern in the 24 engine case failures were the weld seams along the flanges, and the drain boss welds. Both areas are currently inspected ultrasonically in the field. 
	For the weld seam inspection, a special carriage scanner was designed by PWA The carriage scanner has rollers on each end ofit and is used to hold the ultrasonic probe as it travels along the seam welds ofthe case. Water is gravity-fed from a bottle to the transducer as a couplant. The carriage scanner Inspects the engine case flange a full 360 degrees. The test is calibrated using a spectrnen with an electrical discharge machined (EDM) notch in order to establish proper ultrasonic settings. 
	28 
	Prior to the test. calibration is performed on a known location on the eng1ne case. ensurtng proper placement and the use of sufficient couplant. Signal amplitude and locations are recorded by hand on a data sheet when crack indications are detected. Data are recorded along one line of scanning. The PWA engineers indicated that future 'engine case destgns will . eliminate the need for the weld along the flange. 
	The second inspection is of the outer combustor case drain boss weld areas. PWA's current inspection for cracks in these areas employs a transducer holder plate with two angle beam transducers in fixed positions to inspect an arc of about 80 deg11ees ofthe boss weld (shown in F1gure 3). A calibration standard with two EDM notches is used to perform the pre-test calibration. The transducer plate. mounted on the end of a pole. enables the inspector to access the boss welds through the engine exhaust nozzle. C
	-lOSS 
	FIGURE 3 -PWA OUI"ER COMBUSI'OR CASE INSPECTION DESIGN 
	Figure 4 shows the Jr8D engine and the locations of the three drain bosses. A drain tube is attached to the forward drain boss at a slanted angle. The drain tube will cause restricted clearance in an approximately 20 degree region where no ultra::;onJc data can be taken. 
	ULTRASQNIC SCANNER DESIGN 
	ULTRASQNIC SCANNER DESIGN 
	Preliminary laboratory work demonstrated the feasibility of developing an automated ultrasonJc probe capable of surveying 240 degrees ofthe circumferential area around the drain welds. Close coordination was maintained during the development effort with the PWA engineers. 
	Although defects often occur in the weld near the rear bolt hole. defects can also exist at other areas in the weld. Several designs were considered by SAIC to Inspect defects around the drain boss weld. One design used multiple angle-beam transducers. adjacent to each other. By multiplex pulsing each transducer, an ultrasonic signal would probe the weld area from each transducer location. This method is adequate for boss weld inspection, but for components of 
	29 
	dtlierent shapes, multiple transducers would not be applicable. Since a new scannerwas to be 
	designed, applicability ofthe scanner to other engine case components was considered during 
	the prelfminary design stage. 
	The concept ofthe new scanner was to use a single transducer, carried by a motorized mechanism with remote control, to scan around the weld area. The transducer would increase step-wise radially, and move circumferentlally around the center of the boss weld for a complete inspection. The transducer would have an appropriate beam angle, beam size, and frequency to provide best detectability and highest resolution. 
	The motorized boss weld scanner is driven by two 4-watt small DC motors and maintains 
	position via an encoder system. A drawing ofthe scanner is shown in figure 5. The small 
	motors are products of Maxon Precision Motors. The length of the rotating arm assembly of ·the scanner is 9.917 inches diameter ofthe boss plate, 9.042 inches and height ofthe scanner, 
	1.337 inches. Figure 6 illustrates the prototype JI'SD boss weld scanner. For on-wing inspection, the scanner needs a pole to deliver the scanner from outside the engine, through the exhaust nozzle, to the boss welds inside. 
	A major component ofthe motorized scanner is a base plate containing a slot to position the scanner on the boss weld. A track chain is attached to the base plate which guides the arm assembly to rotate around the boss weld 240 degrees for circumferential scanning. The gear ratio for driving the arm assembly is 500: 1 and the speed along the track is approximately 3 inches per second. The transducer holder, mounted on the arm, can move rapidly toward and away from the boss weld center, at increments of0.020 
	Figure 7 shows a JI'SD boss weld specimen and a calibration standard in which two EDM 
	notches were placed. The EDM notches are 0.5 inches long and 20 mils deep. Figure 8 shows 
	the prototype scanners installed for calibration in the laboratory. The prototype scanner, the 
	motion control box, and the Ultra Image Ill'rM equipment are presented in figure 9. Figure 10 
	shows Ultra Image results of the calibration standard inspected with the prototype scanner. 
	The two EDM notches are clearly imaged. Appendix B contains the Ultra Image IIJTM 
	specifications. 
	SCANNER DEMONSTRATION RESULTS 
	SCANNER DEMONSTRATION RESULTS 
	On March 22, 1991, a final demonstration ofthe prototype scanner was performed at PWA's laboratory in East Hartford. Figure 11 presents results on a sample containing four simulated flaws in a welded region. The locations of the four flaws are identlfied by the lower slice in the figure. Figure 12 shows the result ofa sample with no flaws in the weld. There is no signal exceeding detectable level in this scan. It should be noted that ifa flaw were to exist in the boss weld, distinctive signals would serve a
	30 



	JT8D SERIES ENGINE BUILD GROUPS 
	JT8D SERIES ENGINE BUILD GROUPS 
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	FIGURE 4-SCHEMATICE OF JT8D ENGINE AND LOCATIONS OF THE DRAIN BOSS WELDS 
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	FIGURE 5 -SCHEMATIC OF PROTOTYPE JT8D MOTORIZED BOSS WELD SCANNER 
	FIGURE 6 -PROTOTYPE MOTORIZED JT8D BOSS WELD SCANNER 
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	.. 
	• 
	FIGURE 7 -JT8D BOSS WELD SPECIMEN (LEFr) AND CALffiRATION STANDARD (RIGH1) 
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	FIGURE 8 ·PROTOTYPE MOTORIZED JT8D BOSS WELD SCANNER ON CALIBRATION STANDARD 
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	q 
	• 
	FIGURE 9 • UL1RA IMAGE ill TM WITrl PROTOTYPE SCANNER TESTING ON CALffiRATION STANDARD 
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	CONCWSIONS 
	CONCWSIONS 
	The approach to determining JT8D engine component reliability problems by conducting an actuarial analysis ofJT8D engine performance was successful. This analysis approach provided a comprehensive reliability oveiView of all JT8D engine operators, permitted identlftcation of abnormal trends, and resulted In the isolation of specific JT8D engine components. 
	The Ultra Image IfiTM system provided an enhanced inspection procedure for JT8D engine outer combustor case boss welds. This inspection procedure pmvided a more comprehensive inspection and produced a permanent record of the weld condiUon. This enhanced capability would permit a damage tolerance assessment to be made ofJT8D engine outer combustor case welds. 
	The following conclusions were developed from this study effOJt: 
	1. 
	1. 
	1. 
	The FAA Air Carrier Aircraft Utilization & Propulsion Heliability Report contains comprehensive actuarial historical information on commc::rcial aircraft engines. 

	2. 
	2. 
	Trending of FAA actuarial information regarding ln-flJght shutdowns and unscheduled engine removals can document specific aircraft engine reliability for an air carrier. 

	3. 
	3. 
	Review of component failures for a specific engine exhibiting a trend of excessive in-flight shutdowns and unscheduled engine removals can identify required modifications, non-destructive Inspection procedure enhancements, and poor maintenance practices. 

	4. 
	4. 
	Enhanced ultrasonic inspection procedures can document cracking around the drain boss weld area of outer combustor cases on JT8D engines. 

	5. 
	5. 
	A successful ultrasonic Inspection technique was developed and demonstrated for the JT8D engine outer combustor case drain boss area. 


	41 
	APPENDIX A 
	COMPONENT PERFORMANCE BY DISGUISJa:D AIRLINE 
	Appendbt A includes mformation gathered by FAA's Service DUftculty Reports (SDR) data base. It covers the tlmeframe of 1983 through April 1990 and speciftc Information obtained included the following: operating condition that occurred. which engine incurred the damage, aircraft model and serial number, engine model and serial number, airline that experienced the incident, and date of the incident. A brtef narrative was induded in this Information describing the inddent and corrective action taken The narra1
	This mformation was used to trend .ITSD performance by airline. aircraft model and year. The performance summary presented the following mformation: 
	-Incident occurrence. whether the component failure causc::d an aborted take-off. flfght 
	tum back. flight diversion. engine flameout I shutdown. or a combination thereof. 
	-Total number ofincident occurrences peryear. 
	-Identtllcation ofthe component failure that caused the incident occurrence. 
	This in-depth component failure analysis was conducted on those masked airlines listed in table 13. 
	A-1 
	AIRLINE: BJm B-727 J'ERFORMANCE SUMMARY INClDEln' OCCDRRENCES 
	Take-OtT Aborted. Fit Tum Back. Diverted 
	Take-OtT Aborted. Fit Tum Back. Diverted 
	Take-OtT Aborted. Fit Tum Back. Diverted 
	2 
	2 
	3 
	5 
	1 

	Engine Flameout/ Shutdown 
	Engine Flameout/ Shutdown 
	4 
	6 
	3 
	2 
	1 
	6 
	3 
	3 

	Both Occum:nces 
	Both Occum:nces 
	4 
	3 
	3 
	9 
	8 
	11 
	1 

	Total Occurrences 
	Total Occurrences 
	4 
	10 
	6 
	7 
	12 
	17 
	19 
	5 
	2 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	COMPONENT FAILURES 

	Total Failures 
	Total Failures 
	20 18 16 14 12 10 8 6 4 2 0 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	11'.AII.URB 1TE1IIS # 3 & #4 Bearings # 6 Bearing Oil Tube Other Oil Tube on Sys Mamt EITors Fuel Control/Pump FanB1ades Compressor Blades Turbine Blades Fuel/OU Heater Valve/Manifold Other Failures 
	11'.AII.URB 1TE1IIS # 3 & #4 Bearings # 6 Bearing Oil Tube Other Oil Tube on Sys Mamt EITors Fuel Control/Pump FanB1ades Compressor Blades Turbine Blades Fuel/OU Heater Valve/Manifold Other Failures 
	1 1 2 4 
	1 1 3 5 10 
	2 1 4 7 
	2 3 1 6 
	1 1 2 4 1 5 14 
	4 1 3 1 1 7 17 
	1 2 3 2 1 4 6 19 
	3 1 1 5 
	TIL 5 4 7 7 3 2 9 13 1 31 82 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 


	A-2 
	AlRL1NE; 
	AlRL1NE; 
	AlRL1NE; 
	CTA J-727 

	INCIDENT OCCDBRJ!:l'fCES 
	INCIDENT OCCDBRJ!:l'fCES 

	Take-Off' Aborted, 
	Take-Off' Aborted, 

	Fit Tum Back, 
	Fit Tum Back, 
	2 

	Diverted 
	Diverted 

	Engtne F1ameout/ 
	Engtne F1ameout/ 
	1 
	2 
	2 
	1 

	Shutdown 
	Shutdown 

	Both Occurrences 
	Both Occurrences 
	1 
	1 
	2 
	3 
	2 

	Total Occ1urences 
	Total Occ1urences 
	0 
	0 
	0 
	2 
	1 
	4 
	1 
	3 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	COMPONENT FAILURES 

	12 
	12 

	10 
	10 

	8 
	8 

	Total Failures 
	Total Failures 
	6 

	4 
	4 

	2 
	2 

	1983 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	!I'.AlLURE 1TEIIIS 
	!I'.AlLURE 1TEIIIS 

	Bleed Air Manifold 
	Bleed Air Manifold 
	1 
	4 
	5 

	# 6 Bearing on Tube 
	# 6 Bearing on Tube 
	1 
	1 

	2nd Stg Turbme Disk 
	2nd Stg Turbme Disk 
	2 
	2 

	Fan Disk 
	Fan Disk 
	1 
	1 

	Oil System Seals 
	Oil System Seals 
	1 
	1 
	2 

	Turbine Blades 
	Turbine Blades 
	1 
	1 
	2 

	Fuel System Items 
	Fuel System Items 
	2 
	2 

	Compressor Blades 
	Compressor Blades 
	1 
	1 

	FOD 
	FOD 
	2 
	2 

	Other 
	Other 
	2 
	1 
	3 

	TR
	0 
	0 
	0 
	2 
	1 
	4 
	11 
	3 
	21 

	CY 
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	A-4 


	AJRLINEi DDA B-727 J'ERFOBMANCE SUMMARY INCIDElft OCCORBENCES 
	Take-Off' Aborted. F1t Tum Back. Diverted 
	Take-Off' Aborted. F1t Tum Back. Diverted 
	Take-Off' Aborted. F1t Tum Back. Diverted 

	Engine F1ameout/ Shutdown 
	Engine F1ameout/ Shutdown 
	4 
	1 
	2 
	1 
	2 

	Both OccurreDces 
	Both OccurreDces 
	1 
	1 
	1 
	1 
	2 
	1 

	Total Occummces 
	Total Occummces 
	4 
	1 
	2 
	2 
	1 
	2 
	4 
	1 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	COMPONENT FAILUFES 

	5 4.5 4 3.5 3 Total 2 5Fa1lUres • 2 1.5 1 0.5 0 
	5 4.5 4 3.5 3 Total 2 5Fa1lUres • 2 1.5 1 0.5 0 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 
	. 

	COMPONENT FAILURES 
	COMPONENT FAILURES 
	1983 4 
	1984 2 
	1985 2 
	1986 2 
	1987 1 
	1988 2 
	1989 5 
	1990 1 

	FAIL'ORE 1'1"EEIS 
	FAIL'ORE 1'1"EEIS 

	Bleed Afr Duct/Valve # 3 Bear1ng Gearbox Beapngs Fuel Control/PUmp Turbine Blades Seal Failures Other Failures 
	Bleed Afr Duct/Valve # 3 Bear1ng Gearbox Beapngs Fuel Control/PUmp Turbine Blades Seal Failures Other Failures 
	2 1 1 4 
	1 1 2 
	1 1 2 
	1 1 2 
	1 1 
	1 1 2 
	1 2 2 5 
	1 1 
	3 2 2 6 1 1 4 19 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	A-3 


	AIRLINE; rgz 
	AIRLINE; rgz 
	AIRLINE; rgz 
	B-727 
	PERFORMANCE SUMMARX 

	mcmENT occmmENCES 
	mcmENT occmmENCES 

	Take-OffAborted. F1t Turn Back. Diverted 
	Take-OffAborted. F1t Turn Back. Diverted 
	6 
	6 
	11 
	5 
	3 
	5 

	Engme F1ameout/ Shutdown 
	Engme F1ameout/ Shutdown 
	1 
	2 
	13 
	8 
	2 
	2 
	2 

	Both Qccum:nces 
	Both Qccum:nces 
	1 
	4 
	13 
	11 
	3 
	5 
	2 
	1 

	Total Qccurrences 
	Total Qccurrences 
	2 
	12 
	32 
	30 
	8 
	7 
	7 
	8 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	COMPONENT FAILURES 
	COMPONENT FAILURES 

	40 35 30 25 Total 20Failures 15 10 5 
	40 35 30 25 Total 20Failures 15 10 5 

	0 
	0 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	FAILURE lTEliiS 
	FAILURE lTEliiS 

	Bleed .Air Ducts/Valve # 3 & #4 Bearmgs # 6 Bearing OU Tube OU Sys Maint Errors Fuel Control/Pump Fan Blades Compressor Blades Turbine Blades Combustion Chamber Tie Rod Bolt Fuel/OU Heater/ Valve Manifold Other FaUures 
	Bleed .Air Ducts/Valve # 3 & #4 Bearmgs # 6 Bearing OU Tube OU Sys Maint Errors Fuel Control/Pump Fan Blades Compressor Blades Turbine Blades Combustion Chamber Tie Rod Bolt Fuel/OU Heater/ Valve Manifold Other FaUures 
	1 1 2 
	2 3 2 2 6 15 
	3 2 2 1 4 3 2 21 40 
	3 2 3 1 2 2 1 19 31 
	1 2 1 1 5 10 
	5 1 6 12 
	1 1 2 4 
	1 7 8 
	5 9 2 2 13 2 5 8 5 2 2 67 122 

	CY 
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	A-5 
	A-5 


	AIRLINE; OPQ B-727 PEBFORMAl'fQ SUMMARy 
	Take-Oft' Aborted, F1t Turn Back. Diverted 
	Eng1ne flameout/ NO DATA ON OPO UNTIT.l989. Shutdown 
	Total Occurrences 
	CY 83 84 85 86 87 88 
	(Note: No Data on OPO Until 1989) 
	4 
	3.5 
	3 2.5 Total 
	2
	Failures 1.5 
	1 
	0.5 
	0 
	1983 1984 1985 1986 1987 1988 1989 
	I'.AILtJRJ!: lTJI:liiS 
	Bleed Air Duct/Valve 
	Fuel Pump 
	Other Failures 
	CY 83 84 85 86 87 88 
	A-6 
	0 
	89 
	1990 
	1 
	1 
	89 
	2 
	3 
	1 
	6 
	90 
	TIL 
	1 
	3 3 
	1 1 
	4 5 
	90 
	.AJRLINE: 
	.AJRLINE: 
	.AJRLINE: 
	GGA B-727 
	PERFORMANCE SUMMABY 

	INCIDENT OCCURRENCES 
	INCIDENT OCCURRENCES 

	Take-OffAborted. Fit Tum Back. Diverted 
	Take-OffAborted. Fit Tum Back. Diverted 
	3 
	1 
	2 

	Engfne F1ameout/ Shutdown 
	Engfne F1ameout/ Shutdown 
	3 
	2 
	2 
	2 
	1 
	1 

	Both Oc::cum:nces 
	Both Oc::cum:nces 
	1 
	2 
	1 
	3 

	Total Occurrences 
	Total Occurrences 
	4 
	2 
	2 
	2 
	5 
	3 
	2 
	4 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	5 4.5 4 3.5 3 Total 2 5FaJlures · 2 1.5 1 0.5 0 
	5 4.5 4 3.5 3 Total 2 5FaJlures · 2 1.5 1 0.5 0 
	1983 
	1984 
	COMPONENT FAILUI!ES 1985 1986 1987 1988 
	1989 
	1990 

	FAILURE ITEMS 
	FAILURE ITEMS 

	Bleed Afr Duct/Valve # 3/#4 Bearings # 6 Beanng OU Tube Ofl Sys Ma1nt Errors Compressor Blades Turbine Blades Fuel/Ofl Heater Valve Manifold Other FaUures 
	Bleed Afr Duct/Valve # 3/#4 Bearings # 6 Beanng OU Tube Ofl Sys Ma1nt Errors Compressor Blades Turbine Blades Fuel/Ofl Heater Valve Manifold Other FaUures 
	4 4 
	2 2 
	1 1 1 3 
	1 2 1 4 
	2 1 1 1 5 
	1 1 1 3 
	1 1 2 
	4 4 
	5 7 2 1 1 1 1 9 27 

	CY 83 84 85 
	CY 83 84 85 
	86 
	87 



	88 89 90 
	A-7 
	AIRLINE; ABC B-727 PERlOBMANCE SUMMARY 
	INCIDENT OCCCRRENCES 
	INCIDENT OCCCRRENCES 
	INCIDENT OCCCRRENCES 

	Take-Off Aborted. 
	Take-Off Aborted. 

	F1t Tum Back. 
	F1t Tum Back. 
	4 
	5 
	3 
	6 
	7 

	Diverted 
	Diverted 

	EngJne Flameout/ 
	EngJne Flameout/ 
	6 
	7 
	7 
	3 
	8 
	7 

	Shutdown 
	Shutdown 

	Both Occurrences 
	Both Occurrences 
	4 
	5 
	3 
	5 
	5 

	Total Oc::cuirences 
	Total Oc::cuirences 
	6 
	15 
	17 
	0 
	9 
	19 
	19 
	0 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	COMPONENf FAILURES 

	9 
	9 

	8 
	8 

	7 
	7 

	6 
	6 

	Total 
	Total 
	5 

	Fatlures 
	Fatlures 
	4 

	3 
	3 

	2 
	2 

	1 
	1 

	0 
	0 

	1983 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	J'AILtJRE lTEliiS 
	J'AILtJRE lTEliiS 

	Bleed AJr Duct/Valve 
	Bleed AJr Duct/Valve 
	1 
	1 
	l 
	3 

	# 3/#4 Bearing9 
	# 3/#4 Bearing9 
	1 
	1 

	# 6 Bearing On Tube 
	# 6 Bearing On Tube 
	3 
	3 

	on Sys Maint Errors 
	on Sys Maint Errors 
	2 
	1 
	3 

	Fuel Control/ Pump 
	Fuel Control/ Pump 
	1 
	1 
	2 
	2 
	2 
	8 

	Compressor Blades 
	Compressor Blades 
	1 
	1 
	1 
	3 

	Turbine Blades 
	Turbine Blades 
	1 
	1 
	1 
	3 

	Fuel/On Heater 
	Fuel/On Heater 

	Valve Manifold 
	Valve Manifold 
	1 
	1 
	1 
	3 

	Other FaUures 
	Other FaUures 
	1 
	5 
	4 
	1 
	3 
	5 
	19 

	TR
	9 
	7 
	8 
	0 
	4 
	9 
	9 
	0 
	46 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	A-8 



	AIRLINJ!; MB B-727 
	AIRLINJ!; MB B-727 
	mcmmrr OCCURREl'fCES 
	Take-Off Aborted. F1t Tum Back. Diverted 
	Take-Off Aborted. F1t Tum Back. Diverted 
	Take-Off Aborted. F1t Tum Back. Diverted 

	Engine F1ameout/ Shutdown 
	Engine F1ameout/ Shutdown 
	3 

	Both Occum:nces 
	Both Occum:nces 
	1 

	Total Occurrences 
	Total Occurrences 
	4 

	TR
	CY 
	83 


	5 4.5 4 3.5 3 
	Total Failures ·2 
	2
	5 

	1.5 
	1 
	0.5 
	0 
	1983 
	FAJLURE ITEMS 
	Bleed Air Duct/Valve # 3 & #4 Bearings 4 # 6 Bearmg on Tube On Sys Ma1nt Errors Compressor Blades Turbine Blades Fuel/On Heater 
	Valve/Manifold Other Fallures 4 
	CY 83 
	PEBFOBMANCE SJJMMARY 
	3 
	2 2 2 
	2 
	2 2 2 5 
	84 85 86 87 
	COMPONENT F.AILUI!ES 
	1984 1985 1986 1987 1988 
	1 1 2 2 
	1 
	1 1 1 
	2 1 1 
	2 3 4 5 
	84 85 86 87 
	A-9 
	1 
	1 
	1 3 88 
	1989 
	1 
	1 
	1 
	3 
	88 
	2 
	2 
	89 
	1990 
	1 
	1 
	2 
	89 
	1 
	3 4 90 
	5 
	5 
	5 

	7 
	7 

	2 
	2 

	1 
	1 

	1 
	1 

	1 
	1 

	1 
	1 

	4 
	4 
	9 

	4 
	4 
	27 

	90 
	90 


	AJRL:INE: 
	AJRL:INE: 
	AJRL:INE: 
	CTA 
	B-737 
	PERFORMANCE SUMMARY 

	.INCIDENT OCCDRRENCES 
	.INCIDENT OCCDRRENCES 

	Take-Off Aborted. Fit Turn Back. Diverted 
	Take-Off Aborted. Fit Turn Back. Diverted 
	1 
	1 

	Engine Flameout/ Shutdown 
	Engine Flameout/ Shutdown 

	Both OccurreDces Total Occurrences 
	Both OccurreDces Total Occurrences 
	0 
	0 
	0 
	0 
	0 
	1 
	3 4 
	1 1 
	.. 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	4 3.5 3 2.5 Total 2Failures 1.5 1 0.5 0 
	4 3.5 3 2.5 Total 2Failures 1.5 1 0.5 0 
	1983 
	1984 
	COMPONENT FAILURES 1985 1986 1987 1988 
	1989 
	1990 

	F.AILIJRE ITEliiS 13th Stage Manifold Turbine Blades D11Tuser Case Control Cable FOD Other Failures 
	F.AILIJRE ITEliiS 13th Stage Manifold Turbine Blades D11Tuser Case Control Cable FOD Other Failures 
	1 1 2 
	2 1 1 4 
	1 1 
	Tl'L 1 2 1 1 1 1 7 

	CY 
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	A-10 
	A-10 


	AIRLJNE; MNO B-737 PERlOBMANCE SJ1MMABT 
	Il'fCIDEl'lr occmmEl'fCCS 
	Take-Off Aborted, 
	Fit Turn Back. 1 
	Diverted 
	Engine Flameout/ 1 1 2 1 
	Shutdown 
	Both Oc:cum:oces 1 
	e Total Occurrences 0 1 0 3 2 1 0 0 
	CY 83 84 85 86 8~r 88 89 90 
	COMPONENT FAILURES 
	9 
	8 
	7 
	6 
	5
	Total 
	Failures 
	4 

	3 
	2 
	1 
	0 1983 1984 1985 1986 1987 USB 1989 1990 
	F.AJLURE 1TEIIS 
	# 3 Bearings 3 2 1 6 Other Beanngs 3 3 on Sys Components 1 1 2 Gearbox 1 1 2 Case Fallure 1 1 1 3 Fan Blades 1 1 Turbine Blades 1 1 2 4 Compressor Blades 1 1 2 Compressor Spacer 3 1 4 Air Seal 1 1 2 Turbine Disk 1 1 Fan/Camp/Turbine 2 1 3 Fuel Control/Pump 1 1 1 3 Fuel Manifold 1 1 FOD 1 2 3 5 6 2 8 9 4 3 4 41 
	CY 83 84 85 86 87 88 89 90 
	A-11 
	AIRLINE; BAB B-737 PERFORMANCE SUMMARY INCIDENT OCCDRRENCES 
	Take-Qff Aborted, Fit Turn Back, Diverted 
	Take-Qff Aborted, Fit Turn Back, Diverted 
	Take-Qff Aborted, Fit Turn Back, Diverted 
	1 
	1 
	2 

	Engme F1ameout/ Shutdown 
	Engme F1ameout/ Shutdown 
	1 
	1 
	1 
	2 
	1 

	Both Occurrences 
	Both Occurrences 

	Total OccuiTences 
	Total OccuiTences 
	0 
	0 
	1 
	1 
	2 
	3 
	2 
	1 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	COMPONENT FAILURES 

	Total Failures 
	Total Failures 
	4 3.5 3 2.5 2 1.5 1 O.i 0 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	F AlLURE ITE114S Bearings on Sys Components Main on Screen Turbine Blades Compressor Intermediate Case Fuel Systems FOD Other Failures 
	F AlLURE ITE114S Bearings on Sys Components Main on Screen Turbine Blades Compressor Intermediate Case Fuel Systems FOD Other Failures 
	1 1 1 3 
	1 1 2 
	1 1 
	2 2 
	1 1 2 
	1 2 1 4 
	1 1 2 4 
	1 1 
	Til. 2 1 1 3 1 1 2 2 6 19 

	CY 
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	A-12 


	AIRLINE; GOA 
	AIRLINE; GOA 
	AIRLINE; GOA 
	B-787 
	PERFORMANCE SUMMARY 

	INCIDElft QCCilJlRI!:NCES 
	INCIDElft QCCilJlRI!:NCES 

	Take-OffAborted. F1t Tum Back.· Dtvcrted 
	Take-OffAborted. F1t Tum Back.· Dtvcrted 
	1 
	1 
	1 
	1 

	Engine F1ameout/ Shu~own 
	Engine F1ameout/ Shu~own 

	Both OcculTences 
	Both OcculTences 
	1 
	1 
	1 
	1 
	1 

	Total OccurreDces 
	Total OccurreDces 
	0 
	0 
	1 
	1 
	2 
	2 
	1 
	2 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	COMPONENT FAILURES 9 8 7 6 Total 5 Fa1lures 4 3 2 1 0 +----+---+1983 1984 1985 1986 1987 1988 
	COMPONENT FAILURES 9 8 7 6 Total 5 Fa1lures 4 3 2 1 0 +----+---+1983 1984 1985 1986 1987 1988 
	-

	1989 
	1990 


	F.AJLURE l'I'EMS 
	F.AJLURE l'I'EMS 
	F.AJLURE l'I'EMS 

	TIL 
	TIL 

	Bleed Air Ducts/Valve 
	Bleed Air Ducts/Valve 
	1 
	2 
	8 

	# 6 Bearing Oil Tube 
	# 6 Bearing Oil Tube 
	1 
	1 
	3 

	Compressor Blades 
	Compressor Blades 
	1 
	1 
	4 

	Other Failures 
	Other Failures 
	2 
	2 
	5 
	2 

	TR
	1 
	1 
	2 
	1 
	2 
	9 
	43 

	CY 83 84 85 86 87 88 89 90 
	CY 83 84 85 86 87 88 89 90 


	A-13 
	AIRLINE; PDP 
	AIRLINE; PDP 
	AIRLINE; PDP 
	B-737 
	PERFQRMANQ $UMMABT 

	lNCIDElft OCCURRENCES 
	lNCIDElft OCCURRENCES 

	Take-Off Aborted. F1t Tum Back. Diverted 
	Take-Off Aborted. F1t Tum Back. Diverted 
	1 
	1 
	1 
	1 

	Eng1ne F1ameout/ Shutdown 
	Eng1ne F1ameout/ Shutdown 
	3 
	1 
	1 
	1 
	1 

	Both Occuirences 
	Both Occuirences 
	1 
	2 
	1 
	3 

	Total Occuirences 
	Total Occuirences 
	3 
	2 
	3 
	1 
	2 
	4 
	2 
	0 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	7 6 5 4Total Failures 3 2 1 0 
	7 6 5 4Total Failures 3 2 1 0 
	1983 
	1984 
	COMPONENT FAILURES 1985 1986 1987 1988 
	1989 
	1990 

	J'AlLURE l"1"E'EIS # 3 & #4 Bearings 011 Sys Ma1nt EITors Fuel Control/PUmp Turbine Blades FOD Damage to Eng Other Failures 
	J'AlLURE l"1"E'EIS # 3 & #4 Bearings 011 Sys Ma1nt EITors Fuel Control/PUmp Turbine Blades FOD Damage to Eng Other Failures 
	2 1 3 
	1 1 2 
	1 2 1 4 
	1 1 
	1 1 2 
	1 2 3 1 7 
	1 1 2 
	TIL 2 1 1 4 7 6 21 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	A-14 
	A-14 


	AIRLINE; CIA D(C9 PERfORMANCE SJTMMABY 
	Take-Off Aborted. 
	Take-Off Aborted. 
	Take-Off Aborted. 

	F1t Turn Back. 
	F1t Turn Back. 
	1 
	6 
	4 

	DiVerted 
	DiVerted 

	Engine F1ameout/ 
	Engine F1ameout/ 
	2 

	Shutdown 
	Shutdown 

	Both Occurrences 
	Both Occurrences 
	2 

	Total Occurrences 
	Total Occurrences 
	1 
	10 
	4 

	CY 
	CY 
	83 
	84 
	85 
	86 
	B7 
	88 
	89 
	90 

	TR
	COMPONENT FAILURES 

	14 
	14 

	12 
	12 

	10 
	10 

	Total 
	Total 
	8 

	Failures 
	Failures 
	6 

	4 
	4 

	2 
	2 

	0 
	0 

	TR
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	FAILURE ITEMS 
	FAILURE ITEMS 

	TR
	TIL 

	Bleed Air Duct/Valve 
	Bleed Air Duct/Valve 
	4 
	1 
	5 

	# 3 Bearing 
	# 3 Bearing 
	3 
	3 

	Other Bearings 
	Other Bearings 
	1 
	1 

	Fuel OU Cooler 
	Fuel OU Cooler 
	1 
	1 

	OUSystem 
	OUSystem 
	2 
	2 

	F1re Wammg System 
	F1re Wammg System 
	1 
	1 

	Turbine Blades 
	Turbine Blades 
	2 
	2 
	4 

	Other 
	Other 
	2 
	1 
	3 

	TR
	3 
	13 
	4 
	20 

	CY 
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 


	A-15 
	AJRLJNEi DDD DC-9 PERFORMANCE StiMMARY 
	INCIDElft' occu.RRENCZS 
	Take-Off Aborted. Flt Turn Back. 1 Diverted 
	6 
	2 

	Englne Flameout/ 1 Shutdown 
	2 

	Both Qcc:um:nces 
	Both Qcc:um:nces 
	Both Qcc:um:nces 
	2 
	1 
	2 

	Total Qccurrences 
	Total Qccurrences 
	0 
	2 
	2 
	7 
	6 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 


	COMPONENT FAILURES 
	8 7 6 5 
	Total 
	4
	Failures 3 2 
	1 
	0-+---+.J 1983 1984 1985 1986 1987 1988 
	FAILURE l'l'EMS 
	Oil Sys Maint Errors Fuel Control/Pump 1 1 Turbine Blades 2 3 1 2 Other Failures 2 2 3 5 
	4 6 4 8 
	CY 83 84 85 86 87 
	A-16 
	1 
	1 
	1 3 88 
	1989 
	1 
	5 6 88 
	2 
	2 
	1 
	4 1 
	89 90 
	1990 
	TIL 
	1 1 
	3 
	8 4 1 22 5 1 34 
	89 90 
	AIRLINE: 
	AIRLINE: 
	AIRLINE: 
	GGA 
	D~9 
	PERFORMANCE SUMli4ARY 

	INCJDElllr OCCORRENCES 
	INCJDElllr OCCORRENCES 

	Take-Off Aborted. F1t Turn Back. Diverted 
	Take-Off Aborted. F1t Turn Back. Diverted 
	1 
	2 
	5 
	3 
	2 
	2 
	2 

	Engine F1ameout/ Shutdown 
	Engine F1ameout/ Shutdown 
	1 
	1 
	2 
	1 

	Both Occurn:nces 
	Both Occurn:nces 
	3 
	3 
	2 

	Total OccurreDces 
	Total OccurreDces 
	2 
	3 
	5 
	9 
	5 
	2 
	2 
	2 

	TR
	CY 
	83 
	84 
	85 
	86 
	:~7 
	88 
	89 
	90 

	COMPONENT FAIURES 
	COMPONENT FAIURES 

	9 8 7 6 Total 5 Failures 4 3 2 1 0 
	9 8 7 6 Total 5 Failures 4 3 2 1 0 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	FAILURE ITEMS Bleed Air Ducts/Valve # 3 & #4 Bearings # 6 Bearing OU Tube Ofl Sys Ma1nt Errors Fan Blades Compressor Blades Turbine Blades Combustion Chamber Cases Other Failures 
	FAILURE ITEMS Bleed Air Ducts/Valve # 3 & #4 Bearings # 6 Bearing OU Tube Ofl Sys Ma1nt Errors Fan Blades Compressor Blades Turbine Blades Combustion Chamber Cases Other Failures 
	5 1 3 9 
	1 2 1 5 9 
	1 1 2 1 3 8 
	1 1 1 1 2 3 9 
	1 1 3 5 
	1 1 1 1 4 
	1 1 
	2 2 
	TI'L 3 1 2 2 1 1 13 1 2 21 47 

	CY 
	CY 
	83 
	84 
	85 
	86 
	B7 
	88 
	89 
	90 

	A-17 
	A-17 


	DC:9 rEBFOBMANCE STTMMABY 
	AIRLINE; XXZ 

	INCIDENT OCCURRENCES 
	INCIDENT OCCURRENCES 
	INCIDENT OCCURRENCES 

	Take-Off Aborted. 
	Take-Off Aborted. 

	Flt Tum Back. 
	Flt Tum Back. 
	2 
	4 
	13 
	2 
	2 

	Diverted 
	Diverted 

	Englne Flameout/ 
	Englne Flameout/ 
	1 
	2 
	3 
	3 

	Shutdown 
	Shutdown 

	Both Qccum:nces 
	Both Qccum:nces 
	2 
	6 
	1 
	1 
	1 

	Total OccuireDces 
	Total OccuireDces 
	0 
	3 
	8 
	22 
	1 
	5 
	3 
	1 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	TR
	COMPONENT FAILURES 

	25 
	25 

	20 
	20 

	15 
	15 

	Total 
	Total 

	Failures 
	Failures 

	10 
	10 

	5 
	5 

	0 
	0 

	1983 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	FAILURE lTEIIS 
	FAILURE lTEIIS 

	Bleed A1r Ducts/Valve 
	Bleed A1r Ducts/Valve 
	1 
	1 
	2 

	# 3 & #4 Bearings 
	# 3 & #4 Bearings 
	1 
	1 

	on Sys Maint Errors 
	on Sys Maint Errors 
	1 
	3 
	4 

	Fuel Control/Pump 
	Fuel Control/Pump 
	1 
	2 
	3 

	Compressor Blades 
	Compressor Blades 
	1 
	1 

	Turbine Blades 
	Turbine Blades 
	1 
	1 
	3 
	1 
	-1 
	7 

	Combustion Chamber 
	Combustion Chamber 
	1 
	1 
	2 

	Fuel/Oil Heater 
	Fuel/Oil Heater 

	Valve/Manifold 
	Valve/Manifold 
	1 
	5 
	1 
	7 

	Fuel Nozzle Cokmg/ 
	Fuel Nozzle Cokmg/ 

	Heat Shield 
	Heat Shield 
	1 
	2 
	3 

	Case Failures 
	Case Failures 
	1 
	1 
	2 
	4 

	Other Fallures 
	Other Fallures 
	9 
	6 
	9 
	1 
	2 
	1 
	28 

	TR
	13 
	12 
	23 
	4 
	6 
	3 
	1 
	62 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 


	A-18 
	.AIRLINE; BKB 
	.AIRLINE; BKB 
	.AIRLINE; BKB 
	DC=9 
	PERFORMANCE SUMMARY 

	INCIDENT OCCURRENCES 
	INCIDENT OCCURRENCES 

	Take-Off Aborted. F1t Turn Back. Diverted 
	Take-Off Aborted. F1t Turn Back. Diverted 
	6 
	7 
	7 

	Engine F1ameout/ Shutdown 
	Engine F1ameout/ Shutdown 
	3 
	2 
	1 

	Both Occurrences 
	Both Occurrences 
	1 
	2 
	9 
	3 

	Total Occu:mmces 
	Total Occu:mmces 
	0 
	0 
	0 
	1 
	2 
	18 
	12 
	8 

	TR
	CY 
	83 
	84 
	85 
	86 
	87 
	88 
	89 
	90 

	COMPONENT FAILURES 
	COMPONENT FAILURES 

	Total Failures 
	Total Failures 
	20 18 16 14 12 10 8 6 4 2 0 
	1983 
	1984 
	1985 
	1986 
	1987 
	1988 
	1989 
	1990 

	F.AJI:ORE lTE1IIS Bleed AJr Ducts/Valve # 3 & #4 Bearings On Sys Maint Errors Fuel Control/Pump Compressor Blades Fan Blades Turbine Blades Fuel/On Heater Valve/Manifold # 60nTube Combustors Other Failures 
	F.AJI:ORE lTE1IIS Bleed AJr Ducts/Valve # 3 & #4 Bearings On Sys Maint Errors Fuel Control/Pump Compressor Blades Fan Blades Turbine Blades Fuel/On Heater Valve/Manifold # 60nTube Combustors Other Failures 
	0 
	0 
	0 
	1 1 
	1 1 2 
	3 1 2 2 1 2 2 6 19 
	3 2 1 1 1 5 13 
	2 2 1 3 8 
	TIL 8 3 4 2 2 1 3 3 1 2 14 43 

	CY 
	CY 
	83 
	84 
	85 
	86 
	.37 
	88 
	89 
	90 
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	APPENIDX B 
	ULTRA IMAGE IIITM SPECIFICATIONS 
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	B-2 
	UL-:1'A ;MAGE"' Ill SYSTEM SPI!CIFtc.\nONS 
	• 
	• 
	• 
	• 
	:O.,Wer qeou~reo: 90 •a 250 vAC• .u ro 440 Hz. 2.5 amos ~xcaot Ul·3300 1110/220 'lAC, 50..;() Hz. O.S amoJ. Total :ro-araw 1s less tllan 300 volt-amos. 

	• •.toaes of Ooera11on: str.Uqm oeam or angle aeam contact . nsoec::rons. 

	• 
	• 
	• 
	Scan Size: vanaole from Z' x 4" to 20" x 40". 

	• Sc:an .:lesolutron: '/anaole from .020" ~o .200" In 0.001• nc:ementa on a 100 pornt :< 200 poont gna. 

	• 
	• 
	Scan Data Recoroed-Header data ana 20.000 PDintS of oeotn ana 20.000 amorituae. 

	• 
	• 
	~axomum Scanning Speea -150 scan poims per second. 

	• 
	• 
	Data Slorage -5'1• incn dOuble sided, 98 lracka. per rncn. son-sectored floppy disk. 


	• DocumentaJ1on -Heeder data conmsting of administra• nve. scan setuo. calibration ana instrument parameters. 
	• Scan C~ilities -Realtime disolay With continuous monoaonng of all instrument parameters. 
	• Ana1v81s and Dlsolay C~llttu 
	-Tooograohical plan v-• ar 8 level gray -" ar 8 level color 
	-

	-Setectallle X and V slices -Deotn and amplitude readout tor eac:n scan point -ZOom WindOW -2X. 4X and 8X 
	• 
	• 
	• 
	Size-4 cases set uo on Ina than S cubic fl. plus scanner. 

	• 
	• 
	Werqnt -No case over 30 lbs., total werqllllesa tllan 120 Ills. 

	• 
	• 
	Set Up 11me-1S mtnutes. 


	A STATE-oF-THE-ART NOT SYSTEM ••• DESIGNED TO ACCOMMODATE NEW DEVELOPMENTS The portaDie Ultra Image Ill on-line ultrasoniC onsoec:tlon system grves you a nigh-nt101ut1an detailed C-scan and 8-sc:an image which 
	•s 
	•s 
	•s 
	reoeataDie from test to test. A color disolay grves you the thira aun-10n -lor depth and/or amplitude Clltermlnallon and c1anty of imerorstatlon. The buill-in softWare allows you to analyze all the av1111ao1e ontorma11on under PtsCIH control and enaoles s1mula1ion of a roo voew regaraless of tranaoucer angle. The result is a sullstantlal 

	•morovement 
	•morovement 
	rn accuracy over nand-held u1trason1c onsoection un1ts. A oermanent recora lets you reoea1 any pteYious test under identical conDitions and recaJI an image at any time lor comparatrve analYSIS on both aeoth ana amplitude. The ability to back integrate and communi· cate With penpheral Cleviclls riOt only bnngs Ultlmale confidence and retiaD11ity to todey's oonae1tructlve inspectron neeas With state-of· the-art tecnnology, but allows you 10 take adVantage of tuturs developmentS. 


	Over the last several years. the Ultra Image Ill has been fleld"!lraven in a vanety of remote and hostile environments around the world. First 
	ULTRA IMAGE"' Ill EQUIPMENT SPECIFICAnONS 
	Module 3100 DISPLAY 5" Black & While Mon1tor (Color output available) 3•n· A·Scan CRT 
	Module 3200 ULTRASONIC 
	Model 3201 
	Model 3201 
	Model 3201 
	Pulsar 
	-

	maximum output 400 volts 

	TR
	Damping-10.25.50,100 150 ohms 

	TR
	Pulse Amplitude-20. 40. 80, 80, 100 percent 

	TR
	Pulse Width 
	-

	LOW, HIGH 

	Model 3202 
	Model 3202 
	Receiver 

	TR
	Attenuation 
	-

	0·62 dB in 1 dB steps 

	TR
	Filter-Broad Band. 1·8 MHZ. 2·8 MHZ. 4·8 MHz 

	TR
	Function -Pitch-Catch. Pulse-Echo 

	TR
	Detector 
	-

	RF, VIdeo 

	Model 3203 
	Model 3203 
	Digotal Thickness Gate 

	TR
	Gate Delay -0-99.9U sec by 0.1 u sec. 0·999U sec 

	TR
	by 1U sec 

	TR
	Gate Width-0·99U sec by 0.1U 
	sec. 0·999U 
	sec 

	TR
	by 1 u sec 

	TR
	Scope Trigger Delay -0·99.9 u sec by 0.1 u 
	sec. 


	-~~-u
	-

	......_-Ullramage
	~....IWJiar.. 
	Aa-.a-...--~ 
	,.. ........... ,........c:a_.......... 
	'Uitnl'EC"' Teclmial Evaluation Center­an oific:e-based workstation ior advanced analysis Qllabilities 
	develooed to malle critical measursments on nudear submarines, it has s1nce been usea tram Alaska to the Arabian aesert in oil and gas applications. tu aJrcratl flight lines in AUstrallL It has proven highly effective on the oonaestructlve detection of corrosiOn. craclca. hyDrogen olisters. ':ompos1te delamination. and dlllonaing in metal· to-metat ana metaHo-nonmelal imertaces. including lace sheet-to· honeycomb !Ionas. 
	'The Ultra Image Ill field team can now receive additional support via the new UllraTEC'" TechniCal Evaluation Canter-an offlce-oasea workltation that communicates With the Ultra Image Ill on location via oralnary teleoh,)ne lines or via data dlslc. Engrneers in the office or laboratory can 111en display and analyze scan intormalion, moalty headers. and copy data as With the Ultra Image Ill. Or they can pro­VIde exoert interpmtaJion of data quiCKly to the field team, or provide them w1th sucn infurmallon as
	0·999 u sec by t 1J sec Range-0.5, 1.0. 2.5. 12.5. 25.0. 50 inches Del)th Resolution-0.002. 0.004. 0.010, 0.050, 
	0. 1 00, 0.200 inches Threshold. set through microprocessor1·100% in 1% steps Threshold Exceeded Indicator 
	-

	Module 3300 FI.OPPY DISK 2 ~;'!.· Floppy Disk Drives -Formatted capac­ity 528K Bytes each 
	Module 3400 MICROPROCESSOR ZBUA"·CPU (8 bit microprocessor) OP•nates at 4 MHz Me nory 576K·bytes expandable to 1 M bytes 7-Siot Chassis Me nory Management Floppy Disk Controller 64(1 x 480. 16 level graphics controller Calendar/clock 
	(All specifications subject to change without nolice) Contact Ultra Image International
	B-3 
	Division of SAIC for consultation on your testing problem. "Trademark Zilog 
	APPENDIXC 
	APPENDIXC 
	NPI PROCEDURE DESCRIPDON: 
	Ultrasonic Imaging On-Wing Inspection ofJTSD Engine Case Boss Weld by Motorized Scanner. 
	1. 
	1. 
	1. 
	Objective: Use of ultrasonic imaging method to mspect Jr8D engine case boss weld 

	2. 
	2. 
	2. 
	Reference: 

	(a) PWA.Ultrasonic Inspection ofJTSD Combustion Chamber Outer Case, Video Tape, Part No. 804137, 10/30/86. 

	3. 
	3. 
	Equipment and Materials 


	3.1 UI-JilTM --ultrasonic imaging system 
	3.1 UI-JilTM --ultrasonic imaging system 
	3.2 Transducer--5MHz, angle beam, 45 degrees, 3/8" 
	3.3 Transducer Cable --25 feet 
	3.4 PWA calibration block with EDM notches 
	3.5 Power Cable --25 feet 
	3.6 Couplant --soap water 
	3.7 Scanner --UII/SAIC JTSD motorized scanner 
	3.8 Disketter --5 1/4" double density, soft sector, 96 TPI 
	3.9 Light, Mirror, Coveralls (clothing), Rags 
	3.10 Notebook 
	4. 
	4. 
	4. 
	Safety Precaution The engine must be in the POWER OFF position and in LOCK POSmON. All personnel performing the mspection shall wear safe1y goggles. 

	5. 
	5. 
	Calibration 


	5.1 Preparation 
	5.1 Preparation 
	(a) 
	(a) 
	(a) 
	Set up UI IIf1M system according to the Operations Manual 

	(b) 
	(b) 
	Load Program Disk --Input Date and Time 

	(c) 
	(c) 
	Load Data Disk -(Preprogrammed Header InfJrmatlon as follows:) 


	GROUP A-ADMINISTEATIVE DATA 
	1 PRO.JECr JTSD-CAL-MOTOR 2 TASK 5M-45DEG B2013 3 SCAN Mai'ORSCAN 1 4 INSPECI'OR MCT/BED 5 PREV. SCAN REF 
	= 
	= 
	= 
	= 

	= 
	1 

	6 1RANSDUCER 5MB2013 
	= 

	7 CAI..BLOCK 2-HOIE 
	= 

	• 8 CREATED TIME 03/20/91 20:35 
	= 

	9 ACCESSED TIME 03/20/91 20.20 
	= 

	C-1 
	• 10 SCANTIME 03/20/91 22:00 
	= 

	• 11 SYSTEM UNITS ENGUSH 
	= 

	• 12 SYSTEM VERSION 3.20 
	= 
	09.11.89 

	GROlJPB-SCANNER SET-UP 
	1 GRID SPACING 35 2 TRK SCALE FACIR 105 3 ARM SCALE FACIR 83 4 SCANNING AXIS X 5 BEAMANGLE 0 6 DEIAYTIME 2.320 7 BEAM DIRECIION 90
	= 
	= 
	= 
	= 
	= 
	= 
	= 

	• 8 TRACKRATIO 1.000 
	= 

	"
	• 9 ARMRATIO 1.000 
	= 

	GRQUPC-CALIBRATION DATA 
	1 MATERIAL ST 2 VEL. CONSf.ANT 1 3 'IHRESHOI.D % 20 4 NOM. TffiCKNESS 1.0 5 CAL BLOCK TffiCK 2 6 MIN INSP. DEPm .518 7 MAXINSP. DEPm 2.368 
	= 
	= 
	= 
	= 
	= 
	= 
	= 

	• 8 X.Y. SAMPLE GRID 0,0
	= 

	• 9 
	= 

	• 10 
	= 

	• 11 
	= 

	• 12 
	= 

	• 
	• 
	• 
	13 VEL. CONSf. ADJ 1.000 • 14 2Rl010101:34 
	= 
	= 


	• 
	• 
	15 CAL.'IYPE F/P 
	= 



	GRQUPD-ULTRASONIC EOU!PMENT SETTINGS 
	1 PULSE AMPLITUDE 80 2 PULSE DAMPING 100 3 PULSE WID1H HI 
	= 
	= 
	= 

	4 FIL1ER 4 
	= 

	5 FUNCIION = P/E 6 RF./VIDEO VID 7 ATIENUATION 2R1011111:42 8 RESOLUilON 10 9 GATEDEIAY 15.0 
	= 
	= 
	= 
	= 

	10 GATE WID1H 37.0 11 PULSE RATE Khz 1 
	= 
	= 

	• 12 EQUIPMENT ID . 1.00 2.00 3.02 
	= 

	(d) 
	(d) 
	(d) 
	Modify Header Information --Input Boss Weld Identification 

	(e) 
	(e) 
	Use Header Calibration 


	5.2 Set Up Scanner 
	5.2 Set Up Scanner 
	(a) 
	(a) 
	(a) 
	Install motorized JTBD scanner on the PWA calibration block with transducer at Inner Radius, Left Position (hereafter, the ortgin or scanning starting point). 

	(b) 
	(b) 
	Apply couplant to test piece at transducer location. 


	C-2 
	(c) Press the X button in clockwise direction. 'Ibe transducer will activate scanning (clockwi:;e) in a circumferential direction. stopping at the e:nd of the track (Note 1). One line of information is obtained. Reverse the SWitch to counterclockwise dWection. Press the X button to retum the transducer to the: starting point. 
	(d) 
	(d) 
	(d) 
	Jog theY Button to advance the transducer in increments of one grtd. 

	(e) 
	(e) 
	Repeat process 5.2 (c) above for 10 lines of information. 

	(f) 
	(f) 
	Save the data on diskette. 

	(g) 
	(g) 
	perform preliminaiy analysis on these data. Compare data with previous data. Calibration data must be repeatable before the on-wing test can begin. 


	6. Inspection CAl.mONI SAFE'IY RULES MUST BE FOLLOWED TiiROUGHOUf INSPECTION (See Section 4). 
	(a) 
	(a) 
	(a) 
	Install and fasten JI'8D motorized scanner on boss weld to be tested. Use mirror and light to assist in positioning scanner. 

	(b) 
	(b) 
	Use sequence scan to modify header information ofboss weld to be inspected. 

	(c) 
	(c) 
	Perform the scan. as stated in Sections 5.2 (b) -5.2 (g). 

	(d) 
	(d) 
	For additional boss weld inspections. proceed as stated. in 6 (b)-6 tc). 


	7. Take notes on the test as applicable. At this point. the inspection is complete. 
	Note: 1: The END of the track for the AFr and PS4 drain boss welds is the end ofthe 240 degree range. i.e .• from 0-240 degree. The END of the track for the FORWARD drain boss weld is performed in two separate parts to avoid interference from the s:tanted drain tubing nearby (0110 degrees and 130-240 degrees range). 
	-

	c-3 *u.s. GOVERNMENT PRINTING OFFICE: l9'JZ. 604-061/600S8 
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