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EXECUTIVE SUMMARY

This service data analysis is prepared on a calendar-year basis and published
annually. The data support flight safety analyses, proposed regulatory
actions, certification standards, and cost benefit analyses. The following
statistics are based on gas turbine engine rotor failures that have occurred
in United States commercial aviation during 1988.

Four hundred thirteen rotor failures occurred in 1988. Rotor fragments were
generated in 175 of the failures and, of these, 14 were uncontained. This
represents an uncontained failure rvate of 1.0 per million gss turbine engine
powered aircraft f£flight hours, or 0.3 per million engine operating hours.
Approximately 14.4 million and 45.6 million aircraft flight and engine
operating hours,; respectively, were logged in 18883.

Turbine rotor fragment-producing failures were approximately 1.7 times grester
than that of the compressor rotor fragment-producing failures; 107 and 64
respectively, of the total. Fan votor failures accounted for 4 of the
fragment-producing failures experienced.

Blade fragments were generated in 165 of the rotor failures; 9 of these were
uncontained. The remaining 5 of the 14 uncontgined failures were praduced by

disk fragments.

Of the 278 failures with known causes (because of the high percentage of
unknown causes of rotor failures, the percentages were based on the total
nunber of known causes}, the causal factors were (1) foreign object damage~-
114 (41.0 percent); (2) secondary causes--73 (26.3 percent); and (3) design
and life prediction problems--78 (28.1 percent). One hundred and seventy-
five (42.4 percent) of the 413 rotor failures occurred during the takeoff and
climb stages of flight. One hundred and ome (101) {57.7 percent) of the 175
rotor fragment-producing failures and 7 (50.0 percent) of the 14 uncoutained
rotor failures occurred during these same stages of flight.

The incidence of engine rotor failures producing fragments has increased when
compared to 1987 (170 in 1987 and 175 in 1988). The number of uncontained
engine rotor failures reported has increased 17 percent in 1988 (12 in 1987
and 14 in 1988). This is due to the introduction of the Aceident{Incident
Data System (AIDS) as a source of uncontained failures. Without the
introduction of this new source there would have only been 10 reported
uncontained failures, a decrease of 17 percent when compared to 1987. The
13~year (1976 through 1988) average of uncontained engine rotor failures is
14.9.






INTRODUCTION

This report is sponsored and co- auhhored bv the Federal Aviation
Administration (FAAY Technicel Centery located at the Atlantic Citvy
International Airpert, New Jersey. The FAA's PropulQ1oanuel Safety Program
sponsors raw data reduction cuppart from the Naval Alr Prapulsmon Cenfefp

This service data analy51s is publlshed yearly. The data support fllghﬁ
safety analyses, proposed regulatory actlons, certlflcation sfandardsg and
cost benefit analyses. : i

The dintent of this report is to present data as objectlvely as pOSSlblé on gak
turbine rotor failure occurrences in U.S. commercial aviation. Presented in
this report are statistics on gas turbine engine utilization and failures that
have occurred in U.S. commercial aviation during 1988. These statistics are
based on service data compiled by the FAA Flight Standards Dlstrlct Office.
The National Safety Data Branch of the FAA Aviation Standards National Field
0f11ce;dlssem1nated this information in the Service Difficulty Reporte (SDEB)
data base, the Accident/Incident Data System (AIDS), and the Air Carrier
Aircraft Utilization and Propulsion Reliability Reports. The aircraft count
was ¢upplemented by the Internatlonal Aircraft Operator Information System, a
registry data system located out of Wichita State University. The FAA service
data base contains only a fraction of the actual commercial helicopter fleet
operating statistics. The number of turboshaft engines in use with the
correspondlng engine flight hours given herein are estimates derived primarily
from statistics published by the Helicopter Association Internatlonal in thelr
hallcopter annuals. The complled data were analyzad to establish:

CEP I ‘The 1nc1dﬂnce‘of rotor fa 1lures and the incidence of contained and
Cuncontained rotor fragments (an uncontained rotor fajilure is .
defined as a rotor failure that pr@duces fragments whlch panetrat@

~and escape the conflnes of the engln@ ca81ng)
2. The distributiOn of totor failureb”with respect‘to engine rotor
‘ componernts, i.e., fan, compressor or turbine rotors and their

“rotating attachments or appondages such as spacers amd seals.

3. ' The number of rotor fallures accordlng to engine model and engine
fleet hours.

4, The type of rotor fragment (disk, rim;~or blade} typically
generated at failure. ‘

5. The cause of failure.

6. The flight conditions at the time of failure.
7. Engine failure rate éécording‘to‘éﬁgiﬁe‘fieéiihours;



‘RESULTS

The raw data used in this report are contained in appendix A. The results of
an analysis of. the data are shown in flgures 1 fhrough & and tables l through

3.

Figure 1 shows that 413 rotor failures occurred in 1988. Rotor fragments were
generated in 175 of the failures ‘experienced and of theseg 14 (8.0 percent of
the fragment- preduc1ng fallures) were uncontained. This represents an :
uncontained failure rate of 1.0 per mllllmn gas turblve engine powerea
aircraft flight hours, or O 3 per milliom onglné operating hours.
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45.6 million aireraft f£light and engine
‘were logged by the .S, commercial aviation
ing hours relative to the
shown in figure 2.

Approximately 1l4.4 million and
operating haurs,‘respactivelyg
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Table 1 shows the distribution of rotor failures that produced frggments'
according to the ‘engine component invclved (fan, compressor, turblne), the -

type of fragments that were gemerated
failures according to the type ot fragment generatea,,

that:

: TABLE 1.

ENCINE
ROTOR

COMPONENTS =~

FAN

COMPRESSOR

TURBINE

TOTAL

~failures.
ffa;lures experlenued

‘produced by th@ dlsk, rim, and seal.
- were uncontained.,

~and the percentage of uncontained
These data lnélcate

~The 1nc1dence of turblne rotor fallures generatlng fragments was

approximately 1.7 times greater than that of the compressor rotor
failures; these corresponded to 107 (61.1 percent) and 64 (36.6
percent), respectively, of the total number of fragment-generating
Fan rotor fallures accounted for 4 (2.3 percent) of the

vOf the 175 fragment pradurlpg fallures, blade fragm@nts were

generated in: 165 (94,3 percent) 9 (5.5 percent) of th&se were
uncontained. The remaining 10 (5.7 percent). failures wgre

All 5 of the disk failures
There were no uncontalned rim or seal failures.

,CQMPONENT AND FRAGMENT TYPE DISTRIBUTIONS FOR CONTATNED
- AND UNCONTAINED ENGINE ROTOR FATLURES (FAILURES THAT
~ PRODUGED FRAGMENTS) - 1988

TYPE OF FRAGNENT GENERATED

RIN ‘ - SEAL TOTAL

QBISR BLADE
TOTAL UG TOTXL UHC ‘,TDTAL NG TOTAL UNC  TOTAL  UNC
0 ¢‘0g 00 4 0 0 0 4 0
o 0 0 0 63 1 10 64 1
5 5 2 0 98 & 2 o 107 13
5. 5 2 0 165 9 3 o 175 14



Figure 3 shows thé rotor failure distribution among . the engine madals that.
were affected and the total number of models in-use. EE , e
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Figure 4 shows what caused the rotor failures to occur. Of the 278 failures -
with known causes (becausé‘éffthe high percentage of ankn§Wn?causes;éfjrctcf7'
failure, the percentages were based Gn;the'total‘numbet,of*kﬁown caﬂses);4the'
causal factors were (1) foreign object damage--114 (41.0 percent); (2} ;
secondary causes--73 (26.3 percent); and (3) design and life prediction
problems--78 (28.1 percent). o , N o ‘
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Figure 5 indicates the flight conditions that existed when the various rotor
failures occurred. One hundred and seventy- fTive (42 4 percent) of the: 413
rotor failures ﬁcLurred during the takeoff and climb stage% of flight.
Ninety-eight (56.0 percent} of the rotor frdgment pr@duc¢ﬁg failures and ?
(50.0 percent) of the uncentained rotor failures: occurred during these same
stages of flight. The highest number of uncontained rotor failures, 4 (28.6°
percent), happwned aurlng Doth the takeoff and crulslng portions of the
flight, :
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Table 2 containg a comp¢1arzon of englne fallure rates per mllLion englne:
flight hours accardlng tolengine model, ‘engine type, and containment
conditions. The engine failure rates per million leght hours by engine type
are tdrbofan--B8.4; turhoprop~~8 3, and turb&shaft~~26 3. Uncontained engine
failure ‘rates per million flight hours by engine type were turbofan~~0 3,
turboprcpw~0 4, and turboshaft--0. O ,

Table 3 is a cumulative tabulatibn that‘describeé the distribution of
uncontained rotor failures according to fragment type, engine uomponent
involved, cause category, and flight condition {takeoff and climb are defined
as "high power," all other conditions are defined as “1ow~p0wer“) for the
years 1976 through 1988. This figure is expanded yearly to include all
subsequent uncontained rotor failures. These data indicate that for
"secondary causes” the number of uncontained failures was approximately faur
and one-half times greater at high power than low power (namely 35 and 8y,

For "design and life predmﬂtmon problems," the number of high power '
uncontained failures was approximately three times greater than low power.
{namely 32 and 9}y and Ffor "foreipgn ¢biect &amage,' the ntumbey of uncontained
failures was approxmmately four times greater’ at high power than low power
(namely 9 and 2). This tabulation also indicates that of the 194 total
uncontained incidences, blade fallureo accounted for 66.5 percent; disk
failures 23.2 percent; rim failures 4.1 percent; and seal!spacer fallure$ 6.2

percent.



TABLE 2. GAS TURBINE ENGINE FAILURE RATES ACCOR;{}?NC TG
ENGINE MODEL AND TYPE - 1988

AVERAGE ENGINE FAILURE RATES / 10°

TYPE/ NUMBER. . FLIGHT = MNUMBER OF FAILURES = .~ - ENGINE FLIGHT HOURS
MODEL IN UsSp** HESx10° " NC N* TOTAL e NE N TOTAL
TURBOFAN/
TURBOJET
JTSD 7428 18.0794 53 6 55 114 29 03 30 62
3D 660 0.5507 15 0 3 18 272 00 54 326
JT9D 936 35076 19 0 14 33 54 00 40 94
CF6 866 2.3603 8 0 4 12 34 00 17 51
RBZi1 384 1.2638 30 811 24 00 63 87
PW2037/2040 192 0.4090 7 i 3 1t 171 24 73 268
SPEY 860 0.2774 1 1 2 4 636 36 72 144
TFE731 5177 1.6241 7 1 4 12 43 06 25 74
CFM56 814 22627 7 0 27 34 31 00 119 150
ALF302 280 0.5290 0 1 6 7 0.0 1.9 113 132
JT15D 2351 0.6459 2 0 7 9 31 00 108 139
CF700 108 00518 1 0 2.3 193 00 386 579
OTHERS 2358 0.4244 0 0 0 0 00 00 00 00
TOTAL 22626 320624 124 10 135 269 39 03 42 B4
TURBOPROP | ,
PT6A 286 49012 18 2 0 40 37 04 41 82
AS501 438 0.6026 2 0 3 5 3300 50 83
TPE331 7268 3.0305 6 0 20 26 2.0 0.0 66 86
DART 686 0.8277 1 0 2 3 12 00 24 36
PW120 156 0.3608 1 0 102 28 - 00 28 56
CT7 158 0.3728 5 2 7 14 134 . 54 188 376
AZ50B 74 0.0249 0 0 11 00 00 150 150
OTHERS 460 0.8501 0 ¢ 0 0 00 - 00 00 00
TOTAL 11726 10.9778 3 4 54 91 30 0.4 49 83
TURBOSHAFT
A250C 4300 1.4448 4 0 % 20 2.8 00 111 138
LTS 101 669 0.2248 0 0 3232 00 00 1423 1423
GEM 14 0.0047 o 0 i1 0.0 00 2128 2128
OTHERS 1612 0.3400 0 0 0 o 00 60 00 00
TOTAL 5995 2.0143 4 0 49 53 20 00 243 263
C = CONTAINED NC = NOT CONTAINED

N = FUNCTION EMPE@ED, NO FRAGMENTS GENERATED

“As reported by service difficulty reports only. :
**?Esimatcd total numbvr in use ans:i amgme flight hours fer emma US. commercial fleet.




TABLE 3. UNCONTAINED ENGINE ROTOR FAILURE DISTRIBUTIONS ACCORDING
TO CAUSE AND FLIGHT CONDITIONS - 1976 THROUGH 1988

TYPE OF
FRAGMENT )
GENERATED ) DisK - RiM: BLADE - SEAL

ENGINE ROTOR ; ER : : R B : S T - suB ‘
COMPONENT o FAN COMP TURB  FAN = COMP TURB FAN  COMP TURE FAN.  COMP TURB TOT - TOTAL

- FLIGHT
CAUSE COND. -

DESIGN/UFE -
PREDICTION LOwW
PROBLEMS UNK.
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CAUSES LOW
g UNK
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Figure & shows the annual incidence of uncontained rotor failures din
commercial aviation for the years 1963 through 1988. During 1988, the
incidence of unCuntalned rotor fallures increased by two over the previous
year (This is due to the fact that the FAA's écc1ﬁent}1nc1dent Data System
was used as adata SOquQQ‘ Otherwise a decraase of two uncontained failures
would have been noted.). Over the past 13 years; 1??6 through 1988, an :
average of 14.9 uncontained rotor failures per year have occurred ' Eurlng the
game time period, the rate of uncontained rotor failures has remained ,
relatively constant at an average of approximately one per m11]10n operatlné

hours.
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DISCUSSIGN AND CQﬂCLUSIQNS

The incidence of englne rotor fragment produﬂlng fallufes has remalned

relatively constant when comparlng 1988 to 1987 (170 An 1987 and 175 in 1988}~
The unpontalﬂed engine rotor fallures has increased 17 percent (14 in 1988 and -
12 in 1987}, due, in party to the 1ntroduct10n of the AIDS ag g data sources.
The 13-year (19?6'through 1988) average ot uncontalned englne retor fallures

is 14.9:

0f the 14 uncontained eVeﬁts‘that oécu?red during 1§83 13 (92 9 percent}
involved turbine rotors,‘an& 1 (? 1. percent) 1nvolved compressmr rotorss
-There were no uncontained fan rotor fallures *eported S

The preuomlnant cause of fa*lure was attrlbuted to forelgn object damage {&1 0
percent of the knowh failures). One uncontained failure occurred 4in this
category. Secondary causes (26.3 percent of the known fallures) had ‘three
uncéntained failures and design and life predlctlon problems (28.1 percent ‘of
the known causes) had two uncontainéd failuves. Assembly and inspection error
had two uncontained failures. The causes of the remalnlng s1x uncontained
failures (42.9 percent) are anknswa. ‘

Uncontained fallures occurreﬁ in 6 of the lO fllght modes, 1°e., 4 durlng
takeoff (28.6 percent); 3 durlng climb (21 4 percent); 4 in cruise (28.6
percent); 1 in landing (7. 1 percent)y 1. din Hescent (7.1 percent), and 1 Was
unknown (7.1 péfcent). S : : : R

The higher 1nc1dences'ﬂf uncontalnad rotor fallures in calendar years 1967
through 1973 (except for 1958) were probably due to the introduction of newly
developed engines enterlng the commerc1al avzatlon fleet, such as the JTQD and
CFe engine5= : : '

Structural llfe pr@élctlors and verlflcatlon are belng 1mproved by fhe
increased use of spin chamber testing by gavernment and industry as a means of
Obtalnlng failure data for statlstzcally significant aamples., In- addltlonQ
increased develcpment and application of high sensitivity, nondestructive
inspection metncés should increase the probability of cracks being detected
prior to- fallurew The capablllty to reduce the causes of fallures from
secondary effects is also belng addressed through technology development
programs. However, causes due to foreign object damage still appear to be
beyond the control or scope of present technolo :

12



~ APPENDIX A

Data of Engine Rotor Failures in U.S. Commercial
. Aviation for 1988. Compiled from the
Federal Aviation Administration
Service Difficulty Reports and the
Accident Incident Data System.

Data Compilaticon Key

Component Code:
F - Fan
¢ - Compressor
T - Turbine

Frasment Type Codes

D = 'Disgk
R - Rim
B - Blade -
§ = 8eal
N - HNone

Cause Code: ; e
-~ Design and Life Prediction Problems &
~ Secondary Causes

~Foreign Object Damage

- Quality Control

- Operational o ;
~Assembly and Inspection Error
Unknown s 5

4

i

W‘CI\WJZ\WNH
i

1

uCentainment'Condition Code:

¢ - Contained
NG - Not QQntained
K« No Fragments Generated

"Flight Condition Code:
~ InspfMaint ,
<~ Taxi/Grnd H4l
- Takeoff
- Climb
Cruise
- Desceant
- ‘Approach
- Landing
-~ Hovering
10 - Unknown

D00 el O W I o P e
)

‘Report Source -~ Number

5 -« SDR
& « AIDS
X ~ COther



CHARACTERISTICS OF ROTOR FAILURES - 1988

o  ENGINE/ ~  FRAG. CONTN. FLT.
REPORT NO. SUBMIT. AIRCRAFT. POSTTION COMPNT TYPE CAUSE COND. COND.

5-880205022 NWAAR . B747- JTOD. i T B 1 C 4
5~880205162 PAAA  B747 . .JTY9D F B 3 C 8
5-880129008 NWAA  DC10 JTS8D T B 7 C 4
5-880226114 FTLA -  B747  JT9 ST B 7 C 4
5-880308031 TWAA ~ B747 ~JT9D T B .1 C 5
S-880311020 TWAA B747 JT9D C B [ B ol 4
$-880419008 TWAA B747 “JTIYD T B 7 co 4
5-880429153 PAAA B747 JTSD C B c 3
$-880509047 PAAA CB747 JTYD c B 7NN R o 5
S-880708156 - PARA B747 . JT9D R B 7 T 4
S5-880822075 NWARA B747 JTID C Bl oo 3
5-881014020 - PARA - A310 JT9D T B 7. C 3
5-881209023 PAARA B747 - JTYD T B 7 < 4
5-881209025 PAAA  B747 JT9D C B .7 c 3
5~881216026 TWAA = B747 JT9D - c B 7 C- 4
$-890106001 PARA A310 JT9D c B 1 Cc 5
$-890113118  NWAA - DC10 . JT9D T B 1 C '3
$-890327257 ~ PRAA  B747 JTOD ol B 7 - 4
$-890327259 PAAR RB747 JTID LCad Bl 7 - C 3
S-880401059 PBAR B747 JT9D C N 7 N 4
5-880419010 TWAA B747 JT9D e N 2 N 10
$-880418095 CTWAA  B767 JTID T N 3 N &
$-880425070 . PBAA  B747 JTYD F N 1 N ]
S-880624021 NWAA  B747 JT9D i T N 2 N 6
5-880729043 NWAA DCI10 -~ JT9D co N 2 N 6
5-880826061 PARA A310 - JT9D Fo N 2 N 5
S-881028024 NWAA DC1o JT9D Co N L2 N 5
$-881104018 UALA B747 JTSD F N3 N 3
5-881115101 PARA . - B747  JTSD F N 35 N 4
S-881207002 GL25  UNKNOWN  JT9D - E N 7 N 1
S-881216027 UALA - B747  JT9D F N 3 N 3
5-890127042 TWAA = B767 JT9D Fo N 3 N 5
S-880701179 NWAA B747 JT9D F N- 7 N 1
S-880129004 SWmA  B737 CFM56 c B 2 c 5
5-880603012 UALA peg CFM56 C B 1 c 4
S-880816039 PAIA B737  CFM56 T B 7 C 1
S~-880816056 PATA B737 =~ CFM56 T - B T C 1
S-880830023 . CALA B737 - CFM56 T B 2 ¢ 4
S-880930013 PAIA  B737 - CFM56 T B 7 c 1
S-881107108 DALA polet:! . CFM56 c B 1 S C 4
5-880520003 RAXA DC8 CFM56 C N 1 N 1
5-880520005 RAXA DC8 CFM56 C N1 N 1
S-880520007 RAXA Dceg CFM56 c N 1 N1
5$-880627072 PAIA B737 CFM56 T SN T N 1
S~880712015 - 8WO07 DC8 CFM56 . C N ] N 1
5-880712014 SWO7 pcg o - CFM56 C N 7 ‘N 1
c N 1 N 1

$-880811033 sW07  DC8  CFMS56



CHARACTERISTICS OF ROTOR FATILURES - 1988

ENGINE/ FRAG. CONTN. FLT.
REPORT NO. SUBMIT. AIRCRAFT POSITION COMPNT TYPE CAUSE COND. COND.
8-B80811036 SWO7 DC8 CFM56 C N 3 N 1
S-880811037 SWO7 DCS CFM56 c N 1 N 1
5-880902037 RAXA DC8 CFM56 C N 1 N 1
S-880913062 SWo7 pDCe CFM56 c N 7 N 1
5-880916017 SWAA B737 CFM56 T N 5 N 3
S-881004128 SWO5 D8 CFM56 C N 1 N 1
S-881004129 SWO5 DCs CFM56 c N 1 N 1
5-881004090 SWO05 DC8 CFM56 C N 1 N 1
5-881028029 RAXA DCa CFM56 C N 1 N 1
$-881109061 SWO7 DC8 CFM56 c N 7 N 1
S-881014021 USAA B737 CFM56 T N 2 N 4
5~881021068 AWXA B737 CFM56 T N 3 N 1
S-881021069 AWXA B737 CFM56 T N 3 N 1
S-881121136 IPXA DC8 CFM56 C N 3 N 7
§-881205123 FTLA DC8 CFM56 C N 3 N 4
$-881212136 AWXA B737 CFM56 F N 3 N 3
S-881216045 IPXA DCY CFM56 C N 3 N 1
S-881216047 IPXA DC8 CFM56 C N 3 N 1
5-890113175 PAIA B737 CFM56 F N 3 N 3
5-890123067 SWAA B737 CFM56 C N 3 N 3
5-880129036 PAYA DHC7102  PT6A T B 5 c 5
5=-880211037 SJTSA DHC63G0 PT6A C B 7 C 3
S5-880325176 PCAA STC262 PTORA C B 7 C 2
S-880329142 SWO3 PA31T PT6A T B 7 o 3
5=880415159 HNAR DHC710G2  PT6A cC B 7 o 3
S-880426002 GLBA BEECH99 PT6A T B 7 C 10
S-880706016 RAYA EMB110  PT6A T B 7 c 3
5-880816002 SALA SD360 PT6A T B 1 c 3
5-880822083 PAYA DHC7102 PT6A T R 1 c 5
S-880831099 RAYA EMB110  PT6A T B 7 c 3
5-880902168 PCAA SD330 PT6A T B 7 c 2
S-881028043 PAYA DHC7102 PT6A/2 T B 7 NC 5
5-881104002 PLGA 1900C PT6A F B 7 o 3
5~-881109017 NMO 8 212 PT6A F B 1 C 5
S8-881007002 HNAA DHC7102  PT6A C B 2 C 4
S-881027003 5003 E90 PT6A C B 7 c 4
S-881118004 CROA SD330 PT6A C B 7 C 4
$5-881207003 EAall BZ200 PTGA T B 7 C 4
5-890123048 PCAA SD330 PT6A T B 7 o 1
$-880125012 SWIA SD360 PT6A T N 2 N 1
5~880125011 SWIA SD360 PT6A T N 2 N 1
S=88021202¢9 HALA DHC7102 PT6A C N 7 N 2
5-880304011 SIMI SD360 PT6A C N 2 N 7
S-880309003 EAQ3 c99 PT6A C N 2 N 1
$-880525070 COMA EMB110  PT6A T N 7 N g
S~880608003 s011 B200 PT6A T N 1 N 1
$-880617088 PCAR SD330 PT6A C N 3 N 5



~CHARAQTERISTICSCQF ROTOR FAILURES -

-1988

C@NTQ;:

FLT.

pts ENGINE/ FRAG. .
REPORT. NO. SUBMIT. AIRCRAFT POSITION COMPNT TYPE CAUSE COND. COND.
~880715115 PCAA - SD330  pT6RA . C SN 03 N 5
S-880729269 SWTAA - 8SD360 PT6A el N 3 N 3
S~-880801017 . WTAA SD360  PT6A T N 2 N3
5-880824067 SWO1- C99 ~ PT6A C N oo o2 N 3.
$-880919150 . 8019 - UNKNOWN PT6A T N 1. N 1
S~881003037 WTAR SD360 PT6A o N 5 SN 3
5-881025013 SWO1 C99 . PT6A C N 7 N 3
S-881103019 WTAA EMR110O PT%A : C N 3 N -7
5-881007003 CAIA SD360 PT6A Es N 2 N 5
5-881017296 SMMOL 212 PTGAf ; “F W 3 N 3
$-881220029 BHAR ‘1900c ,?Taa s N2 N 2
S-880119045 8011 UNKNOWN TEA F N 1 SN 1
S-880115019 - ABLA . B727 ‘JTSDW C B 3 Coiiod
S-880119096 SW05  DCY. JTED C B 7 co 1
S-880129010 NWAR B727 JT8D T B 2 cC 3
5-880128029 DALA R727 JT8D T B 7 C 4
$-§80205247 TWAL B727 ~ JT8D T B 2 G 10
5-880209054 SU19 UNKNOWN JT8D ST B 2 c 1
5-880212003 UALA B727 JT8D T B 1 G 3
S-880219011 ~UsSan - DCY - JT8D T B 7 el 4.
S~880224048 - WPO9. UNKN OWN  JT8D o B 7 C 1
S-880304012 USAA B737 JT8D . T B 7 c 5
5-880325025 AATA - DC9 JT8D T B 7 Co oA
5-880401006 - NWAA - DC9 JT8D - T B S c 3
S-880401019 © USHAA UNKNOWN JT8D T B 7 G 3
S-~880412010 - WP09  UNKNOWN JT8D . C B 7 . 1
S-880412014 . WP0O9 - UNEKNOWN JT8D  C BT Ciceniil
5-880422007 CNWAR pce - JT8D T B 1 C 3
S-880422003 UALA  B737 JTBD/Z T B 1 PNC 3
S-880415005 AWXA  B737 JT8D G B... 2 Qo 4
5-880429002 DALE ~ B727 . JT8D T B 2 . 3
5-880429053 "HALA pDce o Jrep G B 7 G A
5-880520044 TWAR pce . JT8D T B 1 co 4.
S-880523110 ‘ERLA B727 - JT8D T B 7 coo 4
5-~880527349 - MRKA B737 ~JT8D. - T LSBT G 3
S-880603014 BALA  B727 JT8D T B 7 C 3
S~880603023 S USAA - DCY9 JT8D c BT LG 4
5-880606080 EALA  R727 JT8D T B 7 C A
S~880624028 NWAR  DCY JTSD*““ T B 1 C 3
5-880624031 NWAA  DC9 - JTED T B2 Coe 4
S-880708007 FTLA B727 JTSD/B T B 2 ‘NC 10
§-880715035 USAA  DCY - JTBD c B 3 Sl
S-880715045 EMAA DCg JT8D T B 7 S C 3
S-880808082 HALA pceg . JT8p T B 7 e 4
5880822117 NWAA B727 JT8D G B 3 Cco 6
B727 Fo B 1 s 3

S-880816013

DALA

JTED



REPORT NO.

5-880830031
$-880830020
S-880902040
$-880902018
S-880909107
S-880916018
5-881011015
5-881014024

$-881028012

5881028094
5-881114033

S~881114DO6,’

5-881007018
S-881021118
$-881202051
S-881216057
S-881216022
5-881223033

$-881230023

| 5-881230005
$-890127124
S-890113142
5-890118010

. 5-880129099
S-880129070

. §-880205240
$-880219145
5-880219159

. 5-880317113
5-880401114

5-880421038
S~880523054
- 5-880602074
5-880602047
5880603024
5-880603041
5-880603133
$-880718003
S-880802049
5880729055
$=880801097
S-880825176
5-880826005
S~-880826080
5-880830130

S-880902106

S-880906078

CHARACTERISTICS OF ROTOR _FAILURES -

1988

" SUBMIT. AIRCRAFT

ENGINE/
CPOSITION  COM

FRAG.

X

CONTIN. FLT.

AUSE COND.

CALA

TAGA
NWAR

 NWAA
- CALA
SWAR

EIAR
IPXa
USAA
UALA

FDEA
CALA
- SWAR

CALA

BNFA

MIDA

A"

MIDA

Do UALE’&
ASAA

MRKA
NWAR

PAAR
"DALA
AWKA

TWAR"

PAAL

EIRA
SWO7
MIDA

sSO19

FDEA
SWo7

SWO7

AALA
EALA
BNFA
RJIEF
EALA
TWAA

EALA

USAA

CALA
CALA

CALA
 SWAA

PARIA

B727

B727
DCS
DCcY
B727
B737.
B727
B727

- DC9

B737

- B727

B727
B737.
B727

‘B737

B737
DCS

B737

B727
DCY
B737

- B727
B727

B737

-.DCY

B727

- B727
" B727

DCS
UNENOWHN

B727

UNEKNOWN
B727
neo
B727
B727
B737
DCo9
DCY
pco
B737
B727
pco
B727

‘B737

B737

JT8D
- JT8D

JT8D/2
JT8D
JT8D
JTBD
JT8D

JT8D

JT8D
JT8D
JT80D/3

- JT8D
- JT8D
JT8D

JT8D
JT8D

JT8D
JT8D
JTED

JT8D

JT8D

JT8D
JT8D
JT8D

JT8D

JT8D
Jrsp

JT8D

JTED
JT8D

JTED

JT8D

JT8D
JT8D
JT8D
JT8D
JT8D -

JTED

JT80
JT8D
JT8D
JT8D
JT8D

JT8D
Byt

JTED
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CHARACTERISTICS OF ROTOR FAILURES - 1988

ENGINE/ FRAG. CONTN. FLT.

REPORT NOC. SUBMIT. ATRCRAFT POSITION COMPNT TYPE CAUSE COND. COND.
5-880926155 HALA DCY JT8D Cc N 3 N 3
5-881003139 PATA B727 JT8D F N 3 N 3
5-881005019 SWO5 B727 JT8D F N 3 N 1
S-~-881021013 PATA B727 JT8D T N 7 N 3
$-881028102 SWAA B737 JT8D T N 2 N 1
5-881028101 SWAAR B737 JTED T N 2 N 1
S-881028104 SWALA B737 JT8D T N 2 N 1
5-881028105 SWAA B737 JT8E T N Z N 1
$-881028103 SWAA B737 JT8D T N 2 N i
5-881107138 SWXA DCY JIT8R F N 3 N 3
5-881109007 BNFA B727 JT8D F N 3 N 3
5-881007198 NWAA DCcY JT8D F N 3 N 3
S-881017222 SWAA B737 JTED T N 2 N 1
5-881017224 SWAR B737 JTED T N 2 N 1
S-881017220 SWARA B737 JT8D T N 2 N 1
5881017228 SWAA B737 JT8D T N 2 N 1
5-881017226 SWAA B737 JT8D T N 2 N 1
5881021073 PATA B737 JT8D C N 3 N 3
S-881121005 MIDA B737 JTED ¥ N 3 N 3
5~881205025 MIDA B737 JT8D F N 3 N 1
5-881205021 MIDA pCY JTED F N 3 N 4
$-881205115 SWAA B737 JTED T N 2 N 1
5-881209003 ARLA B737 JTED F N . 3 N 3
S-881209009 UALA B737 JTB8D C N 3 N 5
S-881223037 MIDA B737 JT8D ¥ N 3 N 1
S-881230065 HALA DCY JTE8D T N 7 N 10
5890127192 EALA DCY JTB8D T N 7 N 4
$~-8901300639 “MIDA bCcs JT8D F N 3 N 1
5-890120165 MREA B737 JT8D C N 3 N 10
S~890213003 USAA DCo JT8D C ‘N 3 N 4
$~890425070 MWEA DC9 JT8D F N 3 N 4
5-880506028 ASPA STCAP 501D13 T B 7 C 3
S-880722012 SPARL STCAP 501D13 C B 7 C 3
S-880226137 SRAA L3872 501b22 T N 3 N 4
5~881017278 MREA 1382 501D22 C N 3 N 3
S-890207092 MRKA 1382 501p22 C N 3 N 10
5-880112116 WP1l5 HS51257 TFE731 T B 7 c 4
S-~-880211030 EnZ1 LEAR35 TEE731 T B 7 c 5
$-880411043 EA21 LEAR36 TFE731 T B 7 C 1
5-880628013 EALT BAE128 TFE731 T B 7 C 4
5-880906154 GL23 FALCONS0 TFE731 T B 7 C 1
S-881206032 S017 LEAR3E TFET31 T B 7 C 1
5-881026077 GLO3 HS1257 TFE731 T B 7 C 4
5-881025004 SW0O3 HS1257 TFE731 T N 7 N 4
5-880927004* BAOQA LEAR35A TFE731 C N 3 N 3
5-880927004* BAQA LEAR3SA  TFE731 C N 3 N 3

* 2 Engines Affected, Same Aircraft



REPORT NO.

CHARACTERISTICS OF ROTOR FAILURES = 1988

SUBMIT. AIRCRAFT

ENGINEf

FRAG.~g

CONTN. FLT.

S-881206033
S-880112068
S-880121083
S-880204095
S-880204090
5-880310104
S-880322159
S-880328041
S-880329051
5-880427054
5-880426032
S-880608039
5-880705134
S-880720026
5-880728075
S-880728077

S-880728094
 5-880802086

$-880811005
S-880818047

$-880818048

S5-880824096
5-880824052

S5-880823117
S-880809018

5-881004072
S-881025045
$-881109016
S-881110063
5-881026072
5-881026073
S-881206066
$-881222040
5-880112112
5-880129051
S-880511006
5-881121129
S-881223014
S-890127005
S-890123070
5-880225039
S~880226001
S-880226007
S-880415060

S0O17
NMO1
GL13
EA2Z7
ERZ7
GL13
BEA27

EA25

EAZ5
NMO7
WPib
EALlL
S017
NMO7
NMG7

NMOT7
NMOT7
- ONMOT7
CNMOT7
CZYA

CZYA

NEG1

WPO1
SWO3
NMO7
SW99
ERZ5
EB17

CEO1
GL13

GL13
NMO 1
EA25
SWe9
AALA
EAL]

WTAA
WTAA
ASPL

WTAA
HEXA
ANAA
COMA
BHAA

LEAR35
AS350D
BR117A3
BK117A1
BK117A1
UNKNOWHN
BK117A3
Bell222
AS350D

“BK11733

AS350D

Bell222U0

Bell222
BK117A3
BK117A3
BK117A3

~BK117A3
BK117A3

BR117A3

"BK117A3

BK117A3
AS350D

Bell222
Bell2Z22

- BK117A3

Bell222

“AS350D
Bell222U
- Bellz222u
" BK117A3

BK117A3
AS350D
AS350D
CL60O

BAC1462

CL600
BACL1462

- BACL462

BAC1462

BAC1462

SF340A

"SF340A

SF340B
SF340A

PDSITIQN COMPNT ~TYPE ‘CAUSE COND. COMND.

TFE731
LTS101
LTS10L
LTS101
LTSi01
LTS101
LTS101
LT8101
LT5101
LTS101

LTs101

LTS101
LTS101
LTS101
LTS101
LTS101
LTS101
LTS101
LTS101

LTS101
LTsio1 o
ITsiol
LTS101 -

LTs5101

LTS101
LTS101

LTS101
LTS101
LTS101
LTS101
LTS101
LTS101

ALF5Q2/2

ALF502
ALYF507
ALFEQZ
ALF502

ALF502

ALF502 -

Ci?SQ/lk

CT758
CT75A

CT75A
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CHEAR&CTERISTICS OF R@TQR W%ILURES - 1988 -

o . »ENGI&FX ;‘ij; FRAG. ~ CONTN. FLT.-

REPORT NGC. SUBHI ATRCRAFT POSITION COMPNT TYPE CAUSE COND. CGNDs
5-880624044 ‘y¥,jPLGA SF340A  CT75A G e
S-880916019 . MTRA SF340a - CT75A/1 ' IﬁNC
5~681202028 MTRA SF340A  CT75A
5~880115011 - NEB3 SF340A CT75A
S5~-880422005 . ANAA SF340n  CT75A
5-880617106  AMWA SF340A  CT75A
$-880617097 PLGA  SF340a  CT75A
S-880624047 PLGA SF340R  CTI5A
S-8809020628 AMWA  SF340A  CT75A
S-881114037 . MTRA SF340A  CT75A
$-880412065 O NMO7- 5613?068 250C20
S-880823015 . WP13 Bell206L 250C20
5-880927019 ~ SWO03 Bell206B 250C20
5~881220042 . SWO05 UNKNOWN - 250C20
5-881206070 SW09 Bell2061, 250C28
$-880706045 SW05  AS355F  250C20
5-880706029 . BWO5.  AS355F 250CZ20
5-880706027 - SWO5 AS355F 250C20
$-880811038 © O NMO7 - AS355F  250€20
5-880927027 . SW03 - BO105S  250C20
S-880928030 ~ NMO7 AS335F - 250C20
S5-881025047 NMO1 Bell206B 250C20
S5~-881123067 8W03 Bell206B 250020
5-881123076 SWO03 Bell206L 250C28
$-881123069 - BUTO Bell206RB 250C20
5-881123077 SWO3 Bell206L 250C28
$-881123066 = SW03  Bell206L 250C28
5-881123056 ~ = SWO3. Bell206L 250C28
$-881213043 SW03 Bell206L 250C28
§-881213038  SW03  Bell206L 250028
5880317148 O ORLA  N22B ,2593}?
S5-880122067 - UALA DCi1o CF6
S-880527142  FDEA" DClo- CF6
$-880816053 - FDEA DC10 CF6
5~880902045 - UALA DC10 CF6
$~880930008 UALA DCLO - CF6
S-881007011 UALA  DCI0  CF6
$-890113127  UALA  DC10- CF6
5~880314066  EALA A300 - CFB
S-880801095 .~ EALA pclo - CF6
5-880802044 EALA DCLO ~ CF6
5-880816049 . FDEA DC10 - CF&
5-881125058 ~ PABR A300  CF6
5-881110050 SW15 NA265 CF700
$-880622098 - swWls NA265 CF700
5-8811100010 - SW15 NAZ65 CF700
S-880129025 - RAXA Des JT3D
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CHARACTERISTICS OF ROTOR FAILURES - 1988

ENGINE/ FRAG. CONTN. FLT.
REPORT NO. SUBMIT. AIRCRAFT POSITION COMPNT TYPE CAUSE COND. COND.
$-880205030 RAXA DCS8 JT3D C B 7 C 4
S-880212004 RAXA DC8 JT3D o B 7 C 8
5-880226020 RAXA DC8 JT3D o B 7 C 5
5-880304006 FWTA B707 JT3D T B 7 C 5
5-880328014 RAXA DC8 JT3D T B 2 C 3
5-880415003 RAXA DC8 JT3D C B 7 c 7
S-880429048 HALA DC8 JT3D T B 7 C 5
S-880205030 RAXA DC8 JT3D C B 7 C 3
5-880816017 RAXA DC8 JT3D C B 7 C 5
5-881007088 RAXA DC8 JT3D C B 7 c 6
$-881007008 - RAXA DC8 JT3D C B 7 ol 5
$-881202031 RAXA DC8 JT3D T B 7 C 4
5-881223002 ARWA DC8 JT3D C B 7 c 5
$-880617001 RAXA DC8 JT3D C B 7 C 5
5-881021020 TIEA DC8 JT3D F N 3 N 4
5~880129054 RAXA DC8 JT3D C N 7 N 10
5-880212233 SRAA B707 JT3D T N 2 N 4
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	EXECUTIVE SUMMARY 
	This service data 
	The data actions, certification standards, and cost statistics are based on gas turbine rotor failures that have occurre:d in United States commercial aviation 1988. 
	Four hundred thirteen rotor failures occurred in 1988. Rotor were in 175 of the failures and, of these, 14 were uncontained. This an uncontained failure rate of 1.0 per million gas turbine aircraft hours, or 0.3 per million engine operat hours. 
	14.4 million and 45.6 million aircraft and , were logged in 1988. 
	Turbine rotor 1.7 times greater than that of the compressor rotor failures; 107 and 64 the total. Fan rotor failures accounted for 4 of the failures 
	Blade were generated in 165 of the rotor failures; 9 of these were uncontained. The 5 of the 14 uncontained failures were disk fragments. 
	Of the 278 failures with known causes (because of the of unknown causes of rotor failures, the were based on the total number of known causes), the causal factors were (1) lll+ (41.0 ); (2) secondary causes--73 (26.3 and life --78 (28.1 ). One five (42.4 of the 413 rotor failures occurred takeoff a.nd climb flight. One hundred and one (101) (57.7 of the 175 rotor failures and 7 {50.0 ) of the rotor failures occurred these same stages of flight. 
	The incidence of rotor failures fragments has increased when to 1987 (170 in 1987 and 175 in 1988). The number of uncontained 
	rotor failures has increased 17 in 1988 (12 in 1987 and 14 in 1988). This is due to the introduction of the Accident/Incident Data System ) as a source of uncontained failures. Without the introduction of this new source there would have been 10 uncontained failures, a decrease of 17 when to 1987. The: 13-year (1976 1988) average of uncontained 1•+. 9. 
	Figure
	and co-authored the Federal Aviation 
	Technical Center, located at the Atlantic International The FAA's Fuel sponsors raw data from the ion Center. 
	The data certification standards, and 
	The intent of this is to present data as as possible on gas turbine rotor failure occurrences in U.S. commercial aviation. Pres in this report are statistics on gas turbine utilization and failures that have occurred in U.S. commercial aviation 1988. These statistics arE! based on service data the FAA Standards District Office. The National Data Branch of the FAA Aviation Standards National Field Office disseminated this information in the Service data base, the Accident/Incident Data System ), and the Air 
	the International Aircraft Information , a located out of Wichita State University. The FAA service a fraction of the actual commercial fleet statistics. The number of turboshaft engines in use w·ith the flight hours herein are estimates derived by the Association International in thE!ir annuals. The compiled data were to establish: 
	1. The incidence of rotor failures and the incidence of contained and uncontained rotor fragments {an uncontained rotor failure is 
	as a rotor failure that w·hich and escape the confines of the 
	2. 
	2. 
	2. 
	2. 
	The distribution of rotor failures with to rotor 

	, i.e., fan, compressor or turbine rotors and their attachments or appendages such as spacers and seals. 

	3. 
	3. 
	The number of rotor failures to and fleet hours. 

	4. 
	4. 
	of rotor fragment (disk, rim, or blade) at failure. 

	5. 
	5. 
	The cause of failure. 

	6. 
	6. 
	The conditions at the time failure. 


	1. failure rate according to fleet hours. 
	RESULTS 
	The 
	The 
	The 
	raw 
	data used 
	in this 
	are 
	contained 
	A. 
	The 
	results of 

	an 
	an 
	analysis 
	of 
	the data 
	are shown in figures 
	1 
	and tables 
	1 

	3. 
	3. 


	1 shows that 413 rotor failures occurred in 1988. generated in 175 of the failures and, of these, the failures) were uncontained. This uncontained failure rate of 1.0 per million gas turbine aircraft flight hours, or 0.3 per million 
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	Table 1 shows the distribution of rotor failures that s 
	to the involved (fan, compressor, turbine), the type of fragments that were generated, and the ·percentage of uncontained failures according to the type of fragment data indicate that: 
	l. The incidence of turbine rotor failures was 
	1.7 times greater than that of the rotor failure.s; these corresponded to 107 (61.1 percent), , of the total number of failures. Fan rotor failures accounted for 4 (2.3 failures experienced. 
	2. Of the 175 fragment-producing failures, blade were generated in 165 (94.3 percent); 9 (5.5 these were uncontained. The remaining 10 (5.7 percent) failures were produced by the disk, and seal. All 5 of the disk failures were uncontained. There were no uncontained rim or seal failures. 
	TABLE 1. COMPONENT AND FRAGMENT TYPE DISTRIBUTIONS FOR CONTAINED AND UNCONTAINED ENGINE ROTOR FAILURES THAT PRODUCED FRAGMENTS) -1988 
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	3 shows the rotor failure distribution among the models that 
	were affected and the total number of models in use. 
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	FIGURE 3. THE INCIDENCE OF ENGINE ROTOR FAILURES IN U.S. COMMERCIAL AVIATION ACCORDING TO ENGINE MODEL AND COMPONENT AFFECTED -1988 
	4 shows what cause!d the rotor failures to occur. Of the 278 failures with known causes of the of unknown causes of rotor failure, the based on the total number of known causes), the causal factors were (1) -114 (41.0 ); (2) 
	causes--73 ( 26 .. 3 and life 
	(28.1 percent). 
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	56.0 percent of the uncontained rotor failures occurred these same 
	The number of uncontained rotor failures 4 (28.6 both the takeoff and cruis of the 
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	FIGURE 5. FLIGHT CONDITION AT ENGINE ROTOR FAILURE -1988 
	failure rates per million 
	hours model,, containment 
	rates per million hours are turbofan--8.4, turboprop--8.3, and turboshaft--26.3. failure rates per million flight hours by were turbofan--0.3, 
	-0.4, and turboshaft--0.0. 
	Table 3 is a cumulative tabulation that describes the distribution of uncontained rotor failures according to fragment , component involved, cause , and flight condition (takeoff and climb are defined as "high power,'" all other conditions are defined as "low ) for the years 1976 through 1988. This figure is yearly to include all subsequent uncontained rotor failures. These data indicate that for "secondary causes" the number of uncontained failures was four and one-half times at high power than low power (
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	CALENDAR YEARS SDR tS:SJ AIDS 
	FIGURE THE INCIDENCE OF UNCONTAINED ENGINE ROTOR FAILURES IN U.S. COMMERCIAL AVIATION, 1963 1988 
	DISCUSSION AND CONCLUSIONS 
	The incidence of failures has 
	constant (170 in 1987 and 175 in 1988). The uncontained rotor failures has increased 17 (14 in 1988 12 in 1987}, due, , to the introduction of the AIDS as a data source. The (1976 1988) average of uncontained rotor failures is 14.9. 
	Of the 14 uncontained events that occurred 1988, 13 (92.9 involved turbine rotors, and 1 (7.1 involved compressor rotors. There were no uncontained rotor 
	The predominant cause of failure was attributed to ect ( 4 • 0 percent of the kno1;m failures). One uncontained failure occurred in this 
	Secondary causes (26.3 of the known failures) had three uncontained failures and des and life (28.1 of the known causes) had two uncontained failures. and error had two uncontained failures. The causes of the six uncontained failures (42.9 ) are unknown. 
	Uncontained failures occurred in 6 of the 10 modes; i.e., 4 takeoff (28.6 ); 3 climb (21.4 percent); 4 in cruise (28.6 percent); 1 in landing (7.1 ); 1 in descent (1.1 ), 1 was unknown (7.1 ). 
	The uncontained rotor failures in calendar years 1967 through 1973 ( 1968) were probably due to the introduction of developed the commercial aviation fleet, such as the JT9D and CF6 
	Structural life predictions and verification are being by the increased use of chamber testing by and as a means of failure data for increased and application of • nondestructive methods should increase the of cracks detected 
	The capability to reduce the causes secondary effects is also being addressed through programs. However, causes due to object be 
	the control or scope of present 
	APPENDIX A 
	Data of Rotor Failures in U.S. Commercial 
	Aviation for 1988. from the Federal Aviation Administration Service and the Accident Incident Data 
	F -Fan c T -Turbine 
	-

	D -Disk R -Rim B -Blade S -Seal N -None 
	1 and Life Prediction Problems 2 3 
	-
	-

	4 5 6 -Assembly and Error 7 -Unknown 
	-
	-

	C -Contained NC -Not Contained N -No Generated 
	3 4 -Climb 5 -Cruise 6 -Descent 7 8 -Landing 9 -Hovering 
	-

	10 -Unknown 
	S -SDR A -AIDS X -Other 
	S-880205 22 
	S-880205 22 
	S-880205 22 
	NWAA 
	B747 
	D 
	T 
	B 
	1 
	c 
	4 

	S-880205162 
	S-880205162 
	PAAA 
	B747 
	JT9D 
	F 
	B 
	3 
	c 

	s 880129008 
	s 880129008 
	NWAA 
	DClO 
	T 
	B 
	7 
	c 
	4 

	S-880226114 
	S-880226114 
	FTLA 
	B747 
	T 
	B 
	7 
	4 

	S-88 308 31 
	S-88 308 31 
	TWAA 
	B747 
	JT9D 
	T 
	B 
	1 
	c 
	5 

	S-88031102 
	S-88031102 
	TWAA 
	B747 
	c 
	B 
	7 
	c 
	4 

	S-88 41 0 8 
	S-88 41 0 8 
	TWAA 
	B747 
	T 
	B 
	7 

	S-88 429153 
	S-88 429153 
	PAAA 
	B747 
	JT9D 
	B 
	7 
	c 
	3 

	S-88 509047 
	S-88 509047 
	PAAA 
	B747 
	JT9D 
	B 
	7 
	5 

	S-880708156 
	S-880708156 
	PAAA 
	B747 
	JT9D 
	T 
	B 
	7 
	c 
	4 

	S-88 822075 
	S-88 822075 
	NWAA 
	B747 
	D 
	c 
	B 
	7 
	c 
	3 

	S-881014020 
	S-881014020 
	PAAA 
	1 
	B 
	7 
	c 
	3 

	S-881209023 
	S-881209023 
	PAAA 
	B747 
	JT9D 
	T 
	B 
	7 
	c 
	4 

	S-881209025 
	S-881209025 
	PAAA 
	47 
	c 
	B 
	7 
	c 
	3 

	S-881216026 
	S-881216026 
	TWAA 
	47 
	c 
	B 
	7 
	c 
	4 

	s 890106001 
	s 890106001 
	PAAA 
	10 
	c 
	B 
	1 
	c 
	5 

	S-890113118 
	S-890113118 
	DC10 
	T 
	B 
	1 
	c 
	3 

	S-890327257 
	S-890327257 
	PAAA 
	B747 
	c 
	B 
	7 
	c 

	S-890327259 
	S-890327259 
	PAAA 
	B747 
	c 
	B 
	7 
	c 
	3 

	S-880401059 
	S-880401059 
	PAAA 
	B747 
	c 
	N 
	7 
	N 

	S-880419010 
	S-880419010 
	TWA.A 
	B747 
	c 
	N 
	2 
	N 
	0 

	S-88 418095 
	S-88 418095 
	TWAA 
	B767 
	N 
	3 
	N 

	S-880425070 
	S-880425070 
	PAAA 
	B747 
	JT9D 
	F 
	N 
	1 

	S-880624021 
	S-880624021 
	NWAA 
	B747 
	T 
	N 
	2 
	N 
	6 

	S-880729 43 
	S-880729 43 
	NWAA 
	DC1 
	N 
	2 
	N 
	6 

	S-88 826061 
	S-88 826061 
	PAA.A 
	10 
	F 
	N 
	N 
	5 

	S-881028024 
	S-881028024 
	NWAA 
	DClO 
	c 
	N 
	2 
	5 

	S-881104018 
	S-881104018 
	UALA 
	B747 
	F 
	N 
	3 
	N 
	3 

	S-8811151 1 
	S-8811151 1 
	PAAA 
	B747 
	F 
	N 
	3 

	S-881207002 
	S-881207002 
	5 
	UNKNOWN 
	F 
	N 
	7 
	1 

	S-881216 27 
	S-881216 27 
	UALA 
	B747 
	F 
	N 
	3 
	N 
	3 

	S-890127042 
	S-890127042 
	TWAA 
	B767 
	F 
	N 
	3 
	N 
	5 

	S-880701179 
	S-880701179 
	NWPill 
	B747 
	F 
	N 
	7 
	1 

	S-880129004 
	S-880129004 
	SWAA 
	B737 
	CFM56 
	c 
	B 
	2 
	c 
	5 

	S-880603012 
	S-880603012 
	UAI,A 
	DC8 
	CFM56 
	c 
	B 
	1 
	c 
	4 

	S-880816039 
	S-880816039 
	PAIA 
	B737 
	6 
	T 
	B 
	7 
	c 
	1 

	S-880816056 
	S-880816056 
	PAIA 
	B737 
	CFM56 
	T 
	B 
	7 
	c 
	1 

	S-880830023 
	S-880830023 
	CALA 
	B737 
	CFM56 
	T 
	B 
	2 
	c 
	4 

	S-880930013 
	S-880930013 
	PAIA 
	B737 
	6 
	T 
	B 
	7 
	c 
	1 

	S-881107108 
	S-881107108 
	DAIJA 
	CFM56 
	c 
	B 
	1 
	c 
	4 

	s 8805200 3 
	s 8805200 3 
	RAXA 
	DC8 
	CFM56 
	c 
	N 
	1 
	N 
	1 

	S-880520005 
	S-880520005 
	RAXA 
	6 
	c 
	N 
	1 
	N 

	S-880520007 
	S-880520007 
	RAXA 
	6 
	c 
	N 
	1 
	N 

	S-88 627072 
	S-88 627072 
	PAIA 
	B737 
	CFM56 
	T 
	N 
	7 
	N 
	1 

	S-88 1 015 
	S-88 1 015 
	7 
	DC8 
	6 
	N 

	S-88 7 2 4 
	S-88 7 2 4 
	DC8 
	CFM56 
	N 
	7 
	1 

	811 33 
	811 33 
	DC8 
	6 
	c 
	N 
	1 
	N 
	1 


	N 
	N N 
	C N 
	A-3 
	N 
	N 
	N 

	WT.A.A 
	WT.A.A 
	N 

	TR
	PT6A 

	TR
	P'T6A 
	N 

	WTAA 
	WTAA 

	1 
	1 

	WTAA 
	WTAA 
	PT6A 

	03 
	03 
	CAIA 
	PT6A 
	N 
	2 

	TR
	72 
	6 
	1 
	PT6A 
	F 
	N 

	22 
	22 
	29 
	BHAA 
	PT6A 
	N 
	2 
	N 

	1190 
	1190 
	5 
	11 
	UNKNOWN 
	PT6A 
	F 
	1 
	N 

	115019 
	115019 
	AALA 
	B727 
	JT8D 
	c 
	B 
	3 
	c 

	1 
	1 
	90 
	6 
	SW05 
	DC9 
	JT8D 
	c 
	B 
	7 
	c 
	1 

	12 
	12 
	1 
	NWAA 
	B72 
	JT8D 
	2 
	c 
	3 

	s
	s
	-

	1280 
	9 
	DALA 
	27 
	JT8D 
	B 
	4 

	S-8 
	S-8 
	0205247 
	TWAA 
	B727 
	JT8D 
	T 
	2 

	S-8802 
	S-8802 
	9054 
	19 
	UNKNOWN 
	D 
	B 
	c 

	S
	S
	-

	80212003 
	UALA 
	B727 
	JT8D 
	B 
	1 
	3 

	S-880 
	S-880 
	19 
	11 
	USAA 
	DC9 
	JT8D 
	T 
	B 
	7 
	c 

	s-80224 
	s-80224 
	48 
	WP09 
	UNKNOWN 
	JT8 
	c 
	B 
	7 
	c 

	-8 
	-8 
	3 
	4 
	12 
	USAA 
	B73 
	JT8D 
	B 
	7 
	c 

	S-88 
	S-88 
	325025 
	AALA 
	9 
	JT8D 
	B 

	S
	S
	-

	8 
	401 06 
	NWAA 
	9 
	D 
	T 
	B 
	c 

	S-8 
	S-8 
	4 
	1019 
	USAA 
	UNKNOWN 
	JT8D 
	B 
	7 
	c 

	S-8804 
	S-8804 
	2 
	0 
	9 
	UNKNOWN 
	c 

	S-88041 
	S-88041 
	14 
	WPO 
	UNKNm"lN 
	D 
	c 
	B 
	7 

	S-8804220 
	S-8804220 
	7 
	NWAA 
	DC9 
	JT8D 
	T 
	B 

	S-8804 
	S-8804 
	2 
	03 
	UA.LA 
	B737 
	D/2 
	T 
	B 
	1 
	NC 
	3 

	S-880415005 
	S-880415005 
	AWXA 
	B737 
	D 
	c 
	B 
	2 
	c 
	4 

	S-8804290 
	S-8804290 
	2 
	DA.LA 
	B727 
	JT8D 
	T 
	B 
	2 
	c 
	3 

	S-880429 
	S-880429 
	53 
	HALA 
	DC 
	JT8D 
	c 
	B 
	c 
	4 

	S-880520044 
	S-880520044 
	TWAA 
	DC9 
	JT8D 
	T 
	B 
	1 
	c 
	4 

	S-880523110 
	S-880523110 
	EALA 
	B727 
	JTSD 
	T 
	B 
	7 
	c 
	4 

	S-880527349 
	S-880527349 
	MRKA 
	B737 
	JTSD 
	T 
	B 
	7 
	c 
	3 

	S-880603014 
	S-880603014 
	AALA 
	27 
	D 
	T 
	B 
	7 
	c 
	3 

	S-880603023 
	S-880603023 
	USAA 
	DC9 
	JT8D 
	c 
	B 
	7 
	c 
	4 

	S-880606080 
	S-880606080 
	EALA 
	B727 
	D 
	T 
	B 
	7 
	c 
	4 

	S-880624028 
	S-880624028 
	NViiAA 
	DC9 
	D 
	T 
	B 
	1 
	c 
	3 

	S-880624031 
	S-880624031 
	NWAA 
	DC9 
	D 
	T 
	B 
	2 
	c 
	4 

	S-880708007 
	S-880708007 
	FTLA 
	27 
	D/3 
	T 
	B 
	2 
	NC 
	10 

	S-880715035 
	S-880715035 
	USAA 
	DC9 
	JT8D 
	c 
	B 
	3 
	c 
	4 

	S-880715045 
	S-880715045 
	EMAA 
	DC9 
	T 
	B 
	7 
	c 
	3 

	S-880808082 
	S-880808082 
	HALA 
	T 
	B 
	7 
	c 
	4 

	S-880822117 
	S-880822117 
	NWAA 
	27 
	c 
	B 
	3 
	c 
	6 

	S-880816013 
	S-880816013 
	Dl\.LA 
	B727 
	F 
	B 
	1 
	c 
	3 


	c 3
	CALA B727 c B 
	3 

	T B 7 c 4
	TAGA B727 D NWAA DC9 JT8D/2 c B 1 NC 3 NWAA DC9 JT8D T B 1 c 
	4 

	CALA B727 T B 
	2 
	c 
	5 

	5
	SWAA B737 JT8D T B EIAA B727 JT8D T B 7 c 3 IPXA B727 JT8D 'I' B 2 c 
	7 
	c 
	3 

	T B 7 c 3
	USAA DC9 UAJ_,A B737 T B 7 c 
	3 

	3
	FDEA B727 T D 2 CALA B727 T B 7 
	NC 
	c 
	4 

	D c B 7 c 4
	SWAA B737 CALA B727 D T B 7 BNFA B737 JT8D T B 7 c 3 
	c 
	4 

	T B 7 c 4
	MIDA B737 AALA DC9 T B 7 
	3 

	6
	MIDA B737 T B 7 
	c 

	10
	UALA B727 c B ASAA DC9 T B 
	4 

	B 6
	MRKA B737 7 NWAA B727 c B PAAA B727 T B 7 DALA B727 F N 
	c 
	3 
	N 

	3
	AWXA B737 F N 3 TWAA DC9 F N PAAA 27 F N EIAA B727 c N 
	N 
	4 
	N 
	5 
	3 

	B727 JT8D F N DC9 c N 6 UNKNOWN F N 
	FDEA B727 F N 
	1 

	7 F N SW07 F N AALA F N EALA B7 7 T N 2 N BNFA B727 c N 3 N RJEF B737 F N 3 N EALA DC9 c N 3 TWAA DC9 c N 3 N EALA DC9 F N 3 3 USAA B737 F N 3 N CALA B727 c N 3 N 3 CALA c N 3 N CALA B727 c N 3 N SWAA B737 F N 3 N PAIA B737 F N 3 N 5 
	3 
	1 
	3 
	3 
	3 
	3 
	3 
	5 
	3 

	A-5 
	HALA 
	HALA 
	HALA 
	DC9 

	PAIA 
	PAIA 
	7 
	F 
	N 

	swos 
	swos 
	F 

	PAIA 
	PAIA 
	JT8D 
	T 
	N 
	N 
	3 

	SWAA 
	SWAA 
	N 

	SWl\A 
	SWl\A 
	N 
	2 

	SWAA 
	SWAA 
	N 

	SWl\A 
	SWl\A 
	2 
	1 

	s-S8 
	s-S8 
	-

	SWAA SWXA 
	J'f8D 
	F 
	N 
	N 
	1 3 

	-881 07 
	-881 07 
	BNFA 
	D 
	F 
	N 
	3 
	3 

	s 81007198 
	s 81007198 
	NWAA 
	JT8D 
	F 
	N 
	3 
	N 

	S-88 017222 
	S-88 017222 
	SWl\A 
	B7 7 
	D 
	T 
	N 
	2 
	N 

	S-8810 7224 
	S-8810 7224 
	SWAA 
	B737 
	JT8D 
	T 
	N 
	2 
	N 
	1 

	S-881 17220 
	S-881 17220 
	SWl\A 
	37 
	D 
	T 
	N 
	2 
	N 

	S-8810 7228 
	S-8810 7228 
	SWl\A 
	B737 
	D 
	T 
	N 
	2 
	N 

	S-88 017226 
	S-88 017226 
	SWAA 
	B737 
	JT8D 
	T 
	N 
	2 
	N 
	1 

	S-881 21073 
	S-881 21073 
	PAIA 
	B737 
	N 
	3 
	3 

	S-881121005 
	S-881121005 
	MIDA 
	B737 
	JT8D 
	F 
	N 
	3 
	N 
	3 

	S-8812 5025 
	S-8812 5025 
	MIDA 
	B737 
	JT8D 
	F 
	N 
	3 
	N 
	1 

	S-8812 5021 
	S-8812 5021 
	MIDA 
	DC9 
	JT8D 
	F 
	N 
	3 
	N 
	4 

	S-881205115 
	S-881205115 
	SWAA 
	B737 
	D 
	T 
	N 
	2 
	N 
	1 

	S-8812 9003 
	S-8812 9003 
	AALA 
	B737 
	JT8D 
	F 
	N 
	3 
	N 
	3 

	S-8812090 9 
	S-8812090 9 
	UALA 
	B737 
	c 
	N 
	3 
	N 
	5 

	S-881223037 
	S-881223037 
	MIDA 
	B737 
	F 
	N 
	3 
	N 

	S-88123 65 
	S-88123 65 
	HALA 
	DC9 
	D 
	T 
	N 
	7 
	N 
	0 

	S-89 127192 
	S-89 127192 
	EALA 
	DC9 
	JT8D 
	T 
	N 
	7 
	4 

	S-890130039 
	S-890130039 
	MIDA 
	DC9 
	JT8D 
	F 
	N 
	3 
	N 

	S-890120165 
	S-890120165 
	MRKA 
	B737 
	JT8D 
	c 
	N 
	3 
	N 
	10 

	S-890213003 
	S-890213003 
	USAA 
	DC9 
	JT8D 
	c 
	N 
	3 
	N 

	S-890425070 
	S-890425070 
	MWEA 
	DC9 
	JT8D 
	F 
	N 
	3 
	N 
	4 

	S-880506028 
	S-880506028 
	ASPA 
	STCl\P 
	501D13 
	T 
	B 
	7 
	c 
	3 

	S-880722012 
	S-880722012 
	SPAA 
	STCli.P 
	501Dl3 
	c 
	B 
	7 
	c 
	3 

	S-880226137 
	S-880226137 
	SRAA 
	82 
	501D22 
	T 
	N 
	3 
	N 
	4 

	S-881017278 
	S-881017278 
	MRKA 
	82 
	50 2 
	c 
	N 
	3 
	N 
	3 

	S-890207092 
	S-890207092 
	MRKA 
	82 
	50 2 
	c 
	N 
	3 
	N 
	10 

	S-8801 116 
	S-8801 116 
	WPlS 
	HS1257 
	TFE731 
	T 
	B 
	7 
	c 
	4 

	S-880211030 
	S-880211030 
	EA21 
	LEAH35 
	TFE731 
	T 
	B 
	7 
	c 
	5 

	S-880411043 
	S-880411043 
	1 
	6 
	TFE731 
	T 
	B 
	7 
	c 
	1 

	S-880628013 
	S-880628013 
	7 
	8 
	TFE731 
	T 
	B 
	7 
	c 
	4 

	S-880906154 
	S-880906154 
	GL23 
	TFE731 
	T 
	B 
	7 
	c 
	1 

	S-881206032 
	S-881206032 
	S017 
	TFE7 1 
	T 
	B 
	7 
	c 
	1 

	S-881026077 
	S-881026077 
	3 
	HS1257 
	TFE731 
	T 
	B 
	7 
	c 
	4 

	S-881025004 
	S-881025004 
	SW03 
	HS1257 
	TFE731 
	T 
	N 
	7 
	N 
	4 

	S-880927004* 
	S-880927004* 
	SA 
	TFE731 
	c 
	N 
	3 
	N 
	3 

	S-880927004* 
	S-880927004* 
	SA 
	TFE731 
	c 
	N 
	3 
	N 
	3 


	, Same
	* 
	1
	S-881206033 S017 5 TFE731 T 
	N 
	1 
	N 

	1 N 1
	1 N 1
	S-880112068 1 AS350D LTS101 
	T 
	N 

	1 N 1

	S-880121083 GL13 BK117A3 LTS101 T S-880204095 EA27 BK117Al LTS101 T 
	N 
	N 
	1 
	N 
	1 

	T N 1 N 1
	S-880204090 7 BK11 LTS101 S-880310104 GL13 UNKNOWN LTSl T S-880322159 EA27 BK117A3 LTS101 T 
	N 
	1 
	N 
	1 
	N 
	1 
	N 
	1 

	1
	S-880328041 5 Bell222 LTS101 T 
	N 
	N 
	1 

	1 1
	S-880329051 5 AS350D LTS101 T 
	N 
	N 

	5 N 1
	S-880427054 NM07 BK117A3 LTS101 T S-880426032 WP15 AS350D LTS101 T 
	N 
	N 
	1 
	N 
	1 

	T N 1 N 1
	S-880608039 1 Bell222U LTS101 S-880705134 S017 Bell222 LTS101 T S-880720026 7 BK11 LTS101 T S-880728075 7 BK11 LTS101 c 
	N 
	1 
	N 
	1 
	N 
	1 
	N 
	1 
	N 
	3 
	N 
	1 

	880728077 7 BK11 LTS101 T N S-88 728094 7 BKll LTS101 T S-880802086 7 BKll LTS101 c 
	1 
	N 
	1 
	N 
	1 
	N 
	1 
	N 
	3 
	N 
	1 

	880811005 7 BKll LTSlOl T S-880818047 CZYA BK11 LTSlOl T 
	N 
	1 
	N 
	1 
	N 
	1 
	N 
	1 

	1
	S-88 818048 CZYA BK11 LTS101 T 
	S-88 818048 CZYA BK11 LTS101 T 
	N 
	1 
	N 

	1

	S-880824096 NE01 AS350D LTS101 T N S-880824052 WPOl 1222 LTS101 T S-880823117 3 Bell222 LTS101 T N S-880809018 NM07 BK117A3 LTS101 T N S-881004072 9 1222 LTS101 T N S-881025045 5 AS35 LTS101 T S-881109016 EA17 Bell222U LTS101 T N S-881110063 CE01 Bel 22U LTS101 T S-1 26072 GL13 BK11 LTS101 T N 1 N 1 S-881026073 GL13 BK117A3 LTS101 T N 
	1 
	N 
	N 
	1 
	N 
	1 
	1 
	N 
	1 
	1 
	N 
	1 
	1 
	N 
	1 
	N 
	1 
	N 
	1 
	1 
	N 
	1 
	N 
	1 
	N 
	1 
	1 
	N 
	1 

	881 0606 1 AS350D LTS101 T N 8 204 5 AS35 LTS101 T N N 1 211 9 0 02 T B 5 AALA BAC14 2 02 c N 3 4
	1 
	N 
	1 
	7 
	5 
	4 

	88 5 1 0 1 0 02 c N 8 121 WTAA BAC14 02 F N 3 N 881 2301 WTAA BAC1462 02 c N 890127005 ASPA BAC1462 02 T N 
	2 
	1 
	3 N 
	7 
	2 N 
	3 

	N 3 10
	S-890123070 WTAA BAC1462 02 c 
	T D 7 NC 8
	S-880225039 REXA 4 1 S-8 226001 ANAA 4 T B 2 
	c 
	5 

	T B 7 c 5
	S-880226007 COMA 4 80415060 BHAA 4 T s 3 c 
	5 

	A-7 
	0 -8 S88 
	-

	8 4 20 5 S-8808230 5 S-880927 1 S-22 042 S-88 20 07 S-807 6 45 
	88070 29 S-88 706 2 
	88 81 38 S-880 27 S-8 09280 0 
	-881025 47 S-1123 7 S-881123076 S-881123069 S-881 23077 S-88 123066 S-88112 056 S-881213043 S-881213038 S-880317148 S-880122067 S-880527142 S-880816053 S-880902045 S-880930008 S-881007011 S-890113127 S-880314066 S-880801095 S-880802044 S-880816049 S-881125058 S-881110050 S-880622098 S-8811100010 S-880129025 
	PLGA PLGA 
	A~1WA 
	5 SW09 
	5 SW05 SWO:i 
	7 
	7 
	1 SW03 SW03 EU70 
	3 SW03 SW03 
	3 
	3 ORLA UALA FDEA FDEA UALA UATuA UAI.A UAI.A EAJC..A EALA EALA FDEA PAAA SW15 
	5 
	5 RAXA 
	c 1 
	N 
	N 3 N N 2 B B 7 1 
	c c 
	T R 1 
	7 8 AS355F c AS3:'i5F c 3 AS3Ei5F N 1 N AS355F c N 1 BOl 58 N 7 AS335F c 2 N Bel120 c 2 Bel120 N N 1 Be11206L T N 1 1 Be112 c 7 N Bel12 1 
	12 6L T N 1 N 12 T N 1 0 c N 1 12 T N 1 N 1 
	2B c N 3 N 5 DC10 c B 2 c 5 DC10 T B 2 c 5 DClO c B 7 c 3 DClO c B 6 c 4 DC10 T B 1 c 4 DC10 T B 2 c 4 DClO c B 7 c 3 
	00 T B 7 c 4 DClO c N 3 N 4 DClO c N 3 N 4 DClO CF6 T N 6 N 3 
	00 F N 3 N 1 
	5 00 c B 2 c 8 65 CF700 F N 3 N 1 65 CF700 c N 3 N 3 
	DC8 T B 2 c 3 
	S-88020503 880212004 S-88022602 S-880304006 S-880328014 S-880415003 -880429048 S-880205030 S-880816017 S-881007088 S-881007008 S-881202031 S-881223002 S-880617001 S-881021020 S-880129054 S-880212233 S-880325011 S-880404145 81003260 S-880212163 S-880212274 -880318052 S-880401004 S-880419001 S-880729046 S-881223001 S-890206045 S-880429032 S-880816015 S-880205153 S-881014080 S-880913123 880411022 
	S-88020503 880212004 S-88022602 S-880304006 S-880328014 S-880415003 -880429048 S-880205030 S-880816017 S-881007088 S-881007008 S-881202031 S-881223002 S-880617001 S-881021020 S-880129054 S-880212233 S-880325011 S-880404145 81003260 S-880212163 S-880212274 -880318052 S-880401004 S-880419001 S-880729046 S-881223001 S-890206045 S-880429032 S-880816015 S-880205153 S-881014080 S-880913123 880411022 
	S-88020503 880212004 S-88022602 S-880304006 S-880328014 S-880415003 -880429048 S-880205030 S-880816017 S-881007088 S-881007008 S-881202031 S-881223002 S-880617001 S-881021020 S-880129054 S-880212233 S-880325011 S-880404145 81003260 S-880212163 S-880212274 -880318052 S-880401004 S-880419001 S-880729046 S-881223001 S-890206045 S-880429032 S-880816015 S-880205153 S-881014080 S-880913123 880411022 
	RAXA RAXA RAXA FWTA RAXA RAXA HALA RAXA RAXA RAXA RAXA RAXA ARWA RAXA TIEA RAXA SRAA AMTA TAEA TWAA TWAA DALA HALA TAEA TWAA EALA TAEA AMTA PAIA PAIA FLEA FLEA 3 EU51 
	DC8 DC8 DC8 B707 DC8 DC8 DC8 DC8 DC8 DC8 DC8 DC8 DC8 DC8 DC8 DC8 B707 L1011 L1011 Ll011 L1011 L1011 L1011 Ll011 L1011 B757 Ll011 L1011 F28MK4 F2 BAC111 BAC111 DC125 HS748 
	JT3D JT3D D JT3D JT3D JT3D D D JT3D 11 11 11 11 RB211 11 11 11 11 11 11 SPEY/2 SPEY SPEY SPEY VIP522 DART 
	c c c T T c T c c c c T c c F c T c T T F c T c c c c F T c c T T T 
	B B B B B B B B B B B B B B N N N B B B N N N N N N N N D B N N B B 
	7 7 7 7 2 7 7 7 7 7 7 7 7 7 3 7 2 2 7 1 7 3 7 3 3 2 7 5 7 1 7 7 7 7 
	c c c c c c c c c c c c c c N N N c c c N N N N N N N N NC c N N c c 
	4 8 5 5 3 7 5 3 5 6 5 4 5 5 4 10 4 5 5 1 4 3 2 2 7 5 1 3 5 4 3 3 3 3 

	8 
	8 
	0 
	26033 
	BRIA 
	FH227C 
	DART 
	c 
	N 
	3 
	N 
	6 

	S-8 
	S-8 
	0415068 
	BRIA 
	27 
	DART 
	c 
	N 
	7 
	N 
	5 

	-880307060 B80 02106 
	-880307060 B80 02106 
	EA25 
	SA227 
	GEM510 TPE331 
	c T 
	B 
	3 7 
	N c 
	1 3 

	880718119 -880721051 
	880718119 -880721051 
	NAXA DHLA 
	3101 27 
	TPE331 TPE331 
	T c 
	B B 
	7 7 
	c 
	1 1 

	S-880721052 S-080818003 -880310011 -88072105 
	S-880721052 S-080818003 -880310011 -88072105 
	DHLA DHLA RAIX MEJA 
	27 27 27 27 
	TPE331 TPE331 TPE331 TPE331 
	c c T T 
	B B B N 
	7 7 2 7 
	c c c N 
	1 6 4 

	S-880225046 
	S-880225046 
	27 
	TPE331 
	c 
	N 
	3 
	N 
	6 

	S-800531086 S-880622000 
	S-800531086 S-880622000 
	WWMX BSAA 
	27 26 
	TPE331 TPE331 
	c c 
	N N 
	3 3 
	N 
	4 5 


	A-9 
	N 
	N 
	N 

	N 
	N 

	N 
	N 

	N 
	N 

	N 
	N 

	MALA 
	MALA 
	N 

	.fvlALA 
	.fvlALA 

	VNAA 
	VNAA 
	'l'PE33 
	c 
	N 

	FBAA 
	FBAA 
	3 
	c 

	CPLA 
	CPLA 
	'rPE33 
	c 
	N 

	TR
	TPE33 
	N 
	5 

	VNAA 
	VNAA 
	1 
	TPE33 
	c 
	N 
	3 

	DALA 
	DALA 
	57 
	PW2037 
	T 
	s 
	2 
	c 
	4 

	N\AIAA 
	N\AIAA 
	B757 
	PW2037 
	c 
	1 
	c 

	NWAA 
	NWAA 
	B757 
	PW2037 
	c 
	B 
	2 
	6 

	DALA 
	DALA 
	B757 
	PW2037 
	c 
	B 
	c 

	NWl\A 
	NWl\A 
	B757 
	037 
	2 
	c 

	DALA 
	DALA 
	B757 
	037/1 
	T 
	B 
	2 

	NWAA 
	NWAA 
	B757 
	037 
	c 
	B 
	2 

	DALA 
	DALA 
	B757 
	037 
	c 
	B 
	2 
	c 

	s-
	s-
	NWAA 
	B757 
	037 
	c 
	2 
	N 
	4 

	S
	S
	-

	IPXA 
	B757 
	040 
	F 
	3 
	N 
	3 

	TR
	IPXA 
	57 
	040 
	F 
	N 
	N 
	3 

	TR
	7 
	550 
	JT15D 
	T 
	B 
	7 
	c 
	1 

	TR
	GL07 
	550 
	JT15D 
	T 
	B 
	7 
	c 

	TR
	s 
	1 
	55 
	JT15D 
	F 
	N 
	2 
	N 
	1 

	TR
	5 
	55 
	JT15D 
	F 
	N 
	2 
	N 
	1 

	TR
	1 
	500 
	JT15D 
	T 
	N 
	7 
	N 
	5 

	TR
	GL25 
	550 
	JT15D 
	F 
	N 
	2 
	N 
	1 

	TR
	9 
	552 
	JT15D 
	T 
	N 
	2 
	N 
	1 

	TR
	GL07 
	550 
	JT15D 
	T 
	N 
	2 
	N 
	1 

	TR
	SW99 
	550 
	JT15D 
	T 
	N 
	2 
	N 
	1 

	TR
	EMXA 
	DC8 
	PW120 
	c 
	s 
	7 
	c 
	1 

	TR
	HNl\A 
	DHCB 
	PW120 
	c 
	N 
	2 
	N 
	5 

	TR
	NEOl 
	37 
	/2 
	T 
	D 
	6 
	NC 
	3 

	TR
	1 
	IAI1124 
	31 
	T 
	B 
	6 
	NC 
	4 

	TR
	CE03 
	DC9 
	JT8D/2 
	T 
	D 
	7 
	NC 
	4 

	TR
	NEOl 
	00 
	/2 
	T 
	B 
	7 
	NC 
	5 

	TR
	ooTifAA cT-91128 
	0 aircraft gasStatiStiCS 0~ otor fa\\ures 0 engme r turb\043' • u Sed m · · that occu~r ·ation duringcommercia\ avl 

	TR
	1988. 


	A-1 0 1w.s. GOVERNMENT I'IIINTING OFFICE: 1992-6fl4..06i/601147 
	Figure
	Figure





Accessibility Report





		Filename: 

		ct91-28.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 2



		Passed manually: 0



		Failed manually: 0



		Skipped: 2



		Passed: 26



		Failed: 2







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Failed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Failed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Skipped		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



