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EXECUTIVE SUMMARY 

This s e rv i ce  da t a  a n a l y s i s  i s  prepared on a calendar-year b a s i s  and published 
annual ly.  The da t a  support f l i g h t  s a f e t y  ana lyses ,  proposed regula tory  a c t i o n s ,  
c e r t i f i c a t i . o n  s tandards ,  and cos t  b e n e f i t  analyses .  The following s t a t i s t i c s  a r e  
based on gas turb ine  engi.ne r o t o r  f a i l u r e s  t h a t  have occurred i n  United S t a t e s  
commercial. av i a t ion  during 1986. 

Two hundred and for ty-nine r o t o r  f a i l u r e s  occurred i n  1986. These f a i l u r e s  
accounted f o r  approximately 14.1 percent  of t h e  1763 shutdowns experienced by the  
United S t a t e s  commercial f l e e t .  Rotor fragments were generated In  140 of the  
f a i l u r e s  and, of these ,  16 were uncontained. This  r ep re sen t s  an uncontained 
f a i l u r e  r a t e  of 1.3 per  m i l l i o n  gas turb ine  engine powered a i r c r a f t  f l i g h t  hours,  
o r  0.6 per  m i l l i o n  engine opera t ing  hours. Approximately 12.0 m i l l i o n  and 28.6 
mil.lion a i r c r a f t  f l i g h t  and engine opera t ing  hours ,  respec t ive ly ,  were logged i n  
1986. 

Turbine r o t o r  fragment-producing f a i l u r e s  were approximately four  t imes g r e a t e r  
than t h a t  of the compressor r o t o r  fragment-producing f a i l u r e s ;  103 and 25 
r e spec t ive ly ,  of the t o t a l .  Fan r o t o r  f a i l u r e s  accounted f o r  12 of t h e  
fragment-producing f a i l u r e s  experienced. 

Blade fragments were generated i n  133 of t he  r o t o r  f a i l u r e s ;  10 of t hese  were 
uncontained. The remaining 6 uncontained f a i l u r e s  were produced by disk--2, 
rim--1, and seal--3. 

Of the  149 known causes of f a i l u r e s  (because of t h e  high percentage of unknown 
causes of r o t o r  f a i l u r e s ,  t he  percentages were based on the  t o t a l  number of known 
causes) ,  the  causa l  f a c t o r s  were (1) fore ign  o b j e c t  damage--67 (45.0 percent )  ; 
(2) secondary causes--41 (27.5 percent ) ;  and (3) design and l i f e  p red ic t ion  
problems --36 (24.2 ~ e r c e n t ) .  One hundred and s ix ty- three  (65.5 percent )  of the  
249 r o t o r  f a i l u r e s  occurred during the  takeoff  and climb s t ages  of f l i g h t .  
Ninety-six (68.6 percent)  of t he  140 r o t o r  fragment-producing f a i l u r e s  and 11 
(68.8 percent )  of t h e  16 uncontained r o t o r  f a i l u r e s  occurred during t h e s e  same 
s t ages  of f l i g h t .  

The incidence of engine r o t o r  f a i l u r e s  producing fragments has remained 
r e l a t i v e l y  constant  when compared t o  1985 (150 i n  1985 and 140 i n  1986). The 
number of uncontained engine r o t o r  f a i l u r e s  r epo r t ed  has increased 14.3 percent  
i n  1986 (14 i n  1985 and 16 i n  1986). The 12-year (1975 through 1986) average of 
uncontained engine r o t o r  f a i l u r e s  i s  15.2. 





INTRODUCTION 

This  r epo r t  is sponsored and co-authored by the  Federal Aviation Administration 
(FAA) Technical Center, loca ted  a t  the  At l an t i c  Clty I n t e r n a t i o n a l  A i rpo r t ,  New 
Jersey .  

This s e r v i c e  da t a  ana lys i s  i s  published yearly.  The da t a  support f l i g h t  s a f e t y  
ana lyses ,  proposed regula tory  ac t ions ,  c e r t i f i c a t i o n  s tandards,  and c o s t  b e n e f i t  
ana lyses .  

The i n t e n t  and purpose of t h i s  r epo r t  i s  t o  present  da t a  a s  ob jec t ive ly  a s  
poss ib l e  on gas turb ine  r o t o r  f a f l u r e  occurrences i n  U.S. commercial av i a t ion .  
Presented i n  t h i s  repor t  a r e  s t a t i s t i c s  on gas t u rb ine  engine u t i l i z a t i o n  and 
f a i l u r e s  t h a t  have occurred i n  U.S. commercial av i a t ion  during 1986. These 
s t a t i s t i c s  a r e  based on s e r v i c e  d a t a  compiled by t h e  FAA F l i g h t  Standards 
D i s t r i c t  Off ice.  The National  Safe ty  Data Branch of t he  FAA Aviation Standards 
National  F i e ld  Office disseminated t h i s  information i n  a s e rv i ce  d i f f i c u l t y  da t a  
base and t h e  A i r  Ca r r i e r  A i r c r a f t  U t i l i z a t i o n  and Propulsion R e l i a b i l i t y  Reports. 
The FAA s e r v i c e  d a t a  base con ta ins  only a f r a c t i o n  of the  ac tua l  commercial 
h e l i c o p t e r  f l e e t  opera t ing  s t a t i s t i c s .  The number of tu rboshaf t  engines i n  use 
wi th  the  corresponding engine f l i g h t  hours given here in  a r e  es t imates  der ived 
pr imar i ly  from s t a t i s t i c s  published by the Helicopter  Associat ion I n t e r n a t i o n a l  
i n  t h e i r  he l i cop te r  annuals.  The compiled da ta  were analyzed t o  e s t a b l i s h :  

1. The incidence of r o t o r  f a i l u r e s  and t h e  incidence of contained and 
uncontained r o t o r  fragments (an uncontained r o t o r  f a i l u r e  i s  defined a s  a r o t o r  
f a i l u r e  t h a t  produces fragments which pene t r a t e  and escape the  confines of the  
engine cas ing) .  

2.  The d i s t r i b u t i o n  of r o t o r  f a i l u r e s  with r e spec t  t o  engine r o t o r  
components, i . e . ,  fan,  compressor o r  tu rb ine  r o t o r s  and t h e i r  r o t a t i n g  
attachments o r  appendages such a s  spacers  and s e a l s .  

3 ,  The number of r o t o r  f a i l u r e s  according t o  engine model and engine f l e e t  
hours . 

4. The type of r o t o r  fragment (d isk ,  r i m ,  o r  blade) t y p i c a l l y  generated a t  
f a i l u r e .  

5. The cause of f a i l u r e .  

6 .  The f l i g h t  condi t ions  a t  the  time of f a i l u r e .  

7. Engine f a i l u r e  r a t e  according t o  engine f l e e t  hours.  



RESULTS 

The da ta  used f o r  a n a l y s i s  a r e  contained i n  appendix A. The r e s u l t s  of these  
analyses  a r e  shown i n  f i g u r e s  1 through 7 and t a b l e s  1 and 2. 

Figure 1 shows t h a t  249 r o t o r  f a i l u r e s  occurred i n  1986. These r o t o r  f a i l u r e s  
accounted f o r  approximately 14.1 percent  of t he  1763 shutdowns experienced by the  
gas t u rb ine  powered U.S. commercial a i r c r a f t  f l e e t  during 1986. Rotor fragments 
were generated i n  140 of the  f a i l u r e s  experienced and, of these,  16 (11.4 percent 
of the  fragment-producing f a i l u r e s )  were uncontained. This represents  an 
uncontained f a i l u r e  r a t e  of 1.3 per  mi l l ion  gas t u rb ine  engine powered a i r c r a f t  
f l i g h t  hours,  o r  0.6 per  mi l l i on  engine opera t ing  hours. 

Approximately 12.0 mi l l i on  and 28.6 mi l l i on  a i r c r a f t  flight: and engine operat ing 
hours,  r e spec t ive ly ,  were logged by t h e  U.S. commercial av i a t ion  f l e e t  i n  1986. 
Gas t u r b i n e  engine f l e e t  opera t ing  hours r e l a t i v e  t o  the  number of r o t o r  f a i l u r e s  
and type of engines i n  use a r e  shown i n  f i gu re  2. 

Figure 3 shows the d i s t r i b u t i o n  of r o t o r  f a i l u r e s  t h a t  produced fragments 
according t o  the engine component involved (fan,  compressor, t u rb ine ) ,  t he  type 
of fragments t h a t  were generated, and the  percentage of uncontained f a i l u r e s  
according t o  the type of fragment generated. These da t a  i nd ica t e  t h a t :  

1. The incidence of t u rb ine  r o t o r  f a i l u r e s  was approximately four  times 
g r e a t e r  than t h a t  of the compressor r o t o r  f a i l u r e s ;  these  corresponded t o  103 
(73.6 percent )  and 25 (17.9 pe rcen t ) ,  respec t ive ly ,  of the t o t a l  number of 
f a i l u r e s .  Fan r o t o r  f a i l u r e s  accounted f o r  12 (8.6 percent)  of t he  f a i l u r e s  
experienced. 

2. Blade fragments were generated i n  133 (95.0 percent)  of t h e  f a i l u r e s ;  
t e n  (7.1 percent )  of these were uncontained. The remaining seven (5.0 percent)  
f a i l u r e s  were produced by d i sk ,  r i m ,  and s e a l .  Both d i sk  f a i l u r e s  were 
uncontained, the  one r i m  f a i l u r e  was uncontained, and th ree  of t h e  Cour s e a l  
f a i l u r e s  were uncontained. 

Figure 4 shows the r o t o r  f a i l u r e  d i s t r i b u t i o n  among ttle engine models t h a t  were 
a f f ec t ed  and the  t o t a l  number of models i n  use. 

Figure 5 shows what caused the  r o t o r  f a i l u r e s  t o  occur. Of t h e  149 known causes 
of f a i l u r e  (because of the  high percentage of unknown causes of r o t o r  f a i l u r e ,  
t he  percentages were based on t h e  t o t a l  number of known causes) ,  t h e  causa l  
f a c t o r s  were ( 1) fore ign  objec t  damage--67 (45.0 percent )  ; (2) secondary causes 
--41 (27.5 percent ) ;  and (3) design and l i f e  p red ic t ton  problems--36 (24.2 
percent ) .  

Figure 6 i n d i c a t e s  the f l i g h t  condi t ions  t h a t  ex i s t ed  when the  va r ious  r o t o r  
f a i l u r e s  occurred. One hundred and s ix ty- three  (65.5 percent)  of t he  249 r o t o r  
f a i l u r e s  occurred during the  takeoff  and climb s t ages  of f l i g h t .  Ninety-six 
(68.6 percent )  of the  r o t o r  fragment-producing f a i l u r e s  and 11 (68.8 percent)  of 
t he  uncontained r o t o r  f a i l u r e s  occurred during these  same s t ages  of f l i g h t .  The 
h ighes t  number of uncontained r o t o r  f a i l u r e s ,  6 (37.5 percent ) ,  happened during 
climb. 



Table 1 con ta ins  a compilation of engine f a i l u r e  r a t e s  per mi l l i on  engine f l i g h t  
hours according t o  engine model, engine type,  and containment condi t ions .  The 
engine f a i l u r e  r a t e s  per  m i l l i o n  f l i g h t  hours by engine type a r e  turbofan--9.3, 
turboprop--9.2, and turboshaft--1.5. Uncontained engine f a i l u r e  r a t e s  per  
mi l l i on  f l i g h t  hours by engine type were turbofan--0.6, turboprop--0.3, and 
turboshaft--1.0. 

Table 2 is a cumulative t abu la t ion  t h a t  descr ibes  t he  d i s t r i b u t i o n  of 
uncontained r o t o r  f a i l u r e s  according t o  fragment type,  engine component involved,  
cause category,  and f l i g h t  condi t ion  ( takeoff  and climb a r e  defined a s  "high 
power," a11 o the r  condi t ions  a r e  def ined a s  "low power") f o r  the  yea r s  1976 
through 1986. This  f i gu re  i s  expanded year ly  t o  include a l l  subsequent 
uncontained r o t o r  f a i l u r e s .  These da t a  i n d i c a t e  t h a t  f o r  "secondary causes" t he  
number of uncontained f a i l u r e s  was approximately s i x  t imes g rea t e r  a t  high 
power than low power (namely 33 and 6).  For "design and l i f e  p red ic t ion  
problems" t h e  number of high power uncontained f a i l u r e s  was th ree  time g r e a t e r  
than low power (namely 27 and 8 ) ;  and f o r  "foreign objec t  damage" t h e  number of 
uncontained f a i l u r e s  was four  t imes g rea t e r  a t  high power than low power (namely 
8 and 2) .  This  t abu la t ion  a l s o  i n d i c a t e s  t h a t  of t he  169 t o t a l  uncontained 
incidences,  b lade  f a i l u r e s  accounted f o r  66.3 pe rcen t ;  d i sk  f a i l u r e s  21.9 
percent ;  r i m  f a i l u r e s  4.7 percent ;  and sea l / space r  f a i l u r e s  7.1 percent .  

Figure 7 shows the annual incidence of uncontained r o t o r  f a i l u r e s  i n  commercial 
a v i a t i o n  f o r  the years  1962 through 1986. During 1986, the  incidence of 
uncontained r o t o r  f a i l u r e s  increased by two over t he  previous year ,  1985. Over 
the  p a s t  1 2  years ,  1975 through 1986, an average of 15.2 uncontained r o t o r  
f a i l u r e s  per  year  have occurred. During the  same time period,  t he  r a t e  of 
uncontained r o t o r  f a i l u r e s  has remained r e l a t i v e l y  cons tan t  a t  an average of 
approximately one per  m i l l i o n  opera t ing  hours. 

DISCUSSION AND CONCLUSIONS 

The incidence of engine r o t o r  fragment-producing f a i l u r e s  has remained r e l a t i v e l y  
constant  when compared t o  1985 (150 i n  1985 and 140 i n  1986). The uncontained 
engine r o t o r  f a i l u r e s  has  increased  14.3 percent  (16 i n  1986 and 14 i n  1985). 
The 12-year (1975 through 1986) average of uncontained engine r o t o r  f a i l u r e s  i s  
15.2. 

Of the  16 uncontained events  t h a t  occurred during 1986, 12 (75.0 percent )  
involved t u r b i n e  r o t o r s ,  2 (12.5 percent )  involved compressor r o t o r s ,  and 2 
(12.5 percent )  involved fan  r o t o r s .  

The predominant cause of f a i l u r e  was a t t r i b u t e d  t o  fore ign  ob jec t  damage (45.0 
percent  of the known f a i l u r e s )  and one uncontained f a i l u r e  occurred i n  t h i s  
category.  Secondary causes (27.5 percent  of t h e  known f a i l u r e s )  and design and 
l i f e  p r e d i c t i o n  prohlems (24.2 percent  of t he  known causes) had two uncontained 
f a i l u r e s  each. Assembly and inspec t ion  e r r o r  had one uncontained f a i l u r e .  The 
causes of t he  remaining t e n  uncontained f a i l u r e s  (62.5 percent)  a r e  unknown. 



Uncontained f a i l u r e s  occurred i n  5 of the 10 f l i g h t  modes; i . e . ,  5 during 
takeoff '  (31.3 percent ) ;  6  during climb (37.5 percent ) ;  3 i n  c r u i s e  (18.8 
pe rcen t ) ,  and I i n  hovering (6.3 percent ) .  

The higher  incidences of uncontained r o t o r  f a i l u r e s  i n  calendar  years  1967 
through 1973 (except f o r  1968) were probably due t o  t he  in t roduct ion  of newly 
developed engines en t e r ing  the  commercial av i a t ion  f l e e t ,  such a s  t he  JT9D and 
CF6 engines.  

S t r u c t u r a l  l i f e  pred ic t ions  and v e r i f i c a t i o n  a r e  being improved by t h e  increased 
use of s p i n  chamber t e s t i n g  by government and indus t ry  a s  a  means of ob ta in ing  
f a i l u r e  d a t a  f o r  s t a t i s t i c a l l y  s i g n i f i c a n t  samples. In  addi t ion ,  increased 
development and app l i ca t ion  of high s e n s i t i v j t y ,  nondestruct ive inspec t ion  
methods should increase  the  p robab i l i t y  of cracks being detected p r i o r  t o  
f a i l u r e .  The c a p a b i l i t y  t o  reduce the  causes of f a i l u r e s  from secondary e f f e c t s  
i s  a l s o  being addressed through technology development programs. However, causes 
due t o  fore ign  objec t  damage s t i l l  appear t o  be beyond the  con t ro l  o r  scope of 
present  technology. 
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TABLE 1. GAS TURBINE ENGINE F A I L U R E  RATES ACCORDING TO 
ENGINE MODEL AND T Y P E  - 1986 

AVERAGE ENGINE 
TYPE/ NUMBER FLIGHT 
MODEL IN USE H R S . X ~ O ~  

J T 8 D  
JT3D 
J T 9 D  
C F 6  
R B 2 1 1  
2037 
S P E Y  
T F E 7 3 1  
CFM56  
A L F 5  0 2 

TOTAL 

TURBOPROP 
P T 6 A  
50 1 
T P E 3 3  1 
DART 
120 
BASTAN 
T M E  
C T 7  
P d W 1 1 5  

TOTAL 

TURBOSHAFT 
2 5 0 C  
L T S l O l  
ALL OTHERS 11 9 2  

TOTAL 6 150** 

NO. O F  FAILURES*  

C NC N TOTAL 

2.0664** 1 2 

C = CONTAINED 

F A I L - R A T E S  / lo6  
ENGINE FLTGHT HRS. 

C NC N TOTAL 

N C  = NOT CONTAINED 
N = FUNCTION IMPEDED, NO FRAGMENTS GENERATED 

*As repor ted  by service d i f f i c u l t y  r e p o r t s  only. 

* * E s t i m a t e d  t o t a l  n u m b e r  i n  use a n d  engine f l i g h t  hours f o r  en t i re  U.S. 
c o m m e r c i a l  f l e e t .  



0 * 

m a 4  
m 

m o o  

0 0 0 

0 0 0 

o m 4  
hl 

uhlo 

m o o  

000 

000 

000 

040 

4 0 0 

000 

&!2 
X I 4 3  

iz 
4 
!2 z 
0 v] 
U 3 
E 2 







APPENDIX A 

Data of Engine Rotor Fa i lu re s  i n  U.S. Commercial 

Aviat ion f o r  1986. Compiled from the  

Federal  Aviation Administration 

Service D i f f i c u l t y  Reports.  

Data Compilation Key 

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

Fragment Type Code: 
D - Disk 
R - R i m  
B - Blade 
S - Seal 
N - None 

Cause Code: 
1 - Design and L i f e  Predic t ion  Problems 
2 - secondary Causes 
3 - Foreign Object Damage 
4 - Quali ty  Control 
5 - Operational 
6 - Assembly and Inspec t ion  Error  
7 - Unknown 

Containment Condition Code: 
C - Contained 
NC - Not Contained 
N - No Fragments Generated 

F l i g h t  Condition Code: 
1 - ~nsp /Main t  
2 - ~ a x i l ~ r n d  Hdl 
3 - Takeoff 
4 - Climb 
5 - Cruise 
6 - Descent 
7 - Approach 
8 - Landing 
9 - Hovering 

10 - Unknown 



CHARACTERISTICS OF ROTOR FAILURES - 1 9 8 6  

SDR NO. 
86013105 7 

SUBMIT. 
SWXA 
REPA 
REPA 
REPA 
CALA 
OZAA 
MID A 
MIDA 
REPA 
USAA 
EALA 
EALA 
EALA 
USAA 
REPA 
EALA 
USAA 
MIDA 
EAIA 
NYAA 
USAA 
REPA 
OZAA 
ABXA 
REPA 
EALA 
EALA 
REPA 
REPA 
REPA 
EALA 
REPA 
P SAA 
NYAA 
JAMA 
E ALA 
JAMA 
REPA 
TWAA 
REPA 
NYAA 
NWAA 
REPA 
GATA 
CALA 
GATA 
EIAA 

AIRCRFT 
DC9 

ENG./LOC. COMPNT 
JT8D C 
JT8D F 
JT8D C 
JT8D T 
JT8D T 
JT8D C 
JT8D T 
J T8D T 
JT8D T 
J T ~ D / N O . ~  F 
JT8D C 
JT8D C 
JT8D C 
JT8D F 
J T ~ D / N O . ~  T 
JT8D T 
JT8D T 
JT8D T 
JT8D T 
JT8D T 
JT8D T 
JT8D T 
JT8D F 
J T8D F 
JT8D F 
JT8D C 
JT8D/NO. 1 F 

FRAG . - 
TYPE - 

B 
N 
B 
B 
B 
N 
N 
N 
B 
B 
B 
B 
B 
N 
N 
B 
B 
N 
B 
B 
B 
B 
B 
B 
N 
B 
B 
B 
B 
B 
B 
B 
N 
N 
N 
B 
N 
B 
B 
B 
N 
B 
B 
N 
B 
B 
B 

CAUSE 
7 
3 
2 
2 
7 
7 
7 
7 
2 
7 
2 
2 
2 
3 
2 
2 
1 
7 
1 
7 
7 
1 
3 
3 
3 
2 
3 
1 
7 
7 
1 
2 
7 
7 
3 
2 
7 
7 
7 
1 
7 
7 
7 
3 
2 
2 
3 

CONTN. FLT. 



CHARACTERISTICS OF ROTOR FAILURES - 1986 

SDR NO. 
86082205 2 
860729033 
860715014 
860630012 
860103179 
860502004 
861 128069 
86100301 7 
861020081 
860824022 
860630013 
860902056 
860527001 
861014103 
'860310009 
861 128033 
860228094 
860224021 
860131068 
860516111 
860224023 
860418035 
861010023 
861010026 
860721022 
861 205027 
861006225 
861 128083 
860210108 
860404047 
861 215031 
860210106 
861 201002 
860929045 
860321 070 
860411021 
860328002 
860224024 
861024027 
861 128067 
860310035 
860902062 
860902051 
860218025 
861205020 
860616043 

SUBMIT. 
E I A A  
E I S A  
FDEA 
AALA 
EALA 
EALA 
EALA 
EALA 
EALA 
EALA 
EALA 
EALA 
EALA 
E ALA 
PEXA 
USAA 
NWAA 
TWAA 
TWAA 
TWAA 
DALA 
DALA 
D ALA 
DALA 
PEXA 
PEXA 
P A I A  
P A I A  
EATJA 
EALA 
EALA 
NWAA 
NWAA 
NWAA 
NWAA 
REPA 
REPA 
NWAA 
TAGA 
TWAA 
m 
TWAA 
AWXA 
PEXA 
PEXA 
A C I A  

AIRCRFT 
B7 27 
B727 
B727 
B727 
B7 27 
B727 
B727 
B727 
B7 27 
B727 
B727 
B7 27 
B727 
B7 27 
B727 
B727 
B727 
B7 27 
B727 
B7 27 
B727 
B7 27 
B727 
B727 
B7 27 
B7 27 
B727 
B7 27 
B7 27 
B727 
B7 27 
B727 
B7 27 
B727 
B7 27 
B7 27 
B727 
B7 27 
B7 27 
B7 27 
B727 
B727 
B737 
B737 
B737 
B737 

ENG . /LOC 
J T8D 

COMF'NT 
C 
T 
T 
F 
C 
C 
C 
F 
C 
T 
T 
T 
T 
T 
C 
C 
T 
T 
T 
T 
F 
F 
F 
F 
T 
T 
T 
T 
F 
C 
F 
C 
F 
T 
T 
C 
F 
C 
T 
T 
T 
T 
F 
F 
T 
T 

FRAG . 
TiPE - 

N 
N 
B 
B 
N 
B 
B 
N 
N 
B 
B 
B 
B 
B 
B 
N 
B 
B 
B 
B 
B 
B 
N 
N 
B 
N 
N 
B 
B 
N 
B 
B 
N 
B 
B 
N 
N 
B 
B 
B 
B 
B 
N 
N 
B 
B 

CAUSE 
7 
7 
1 
3 
3 
1 
3 
3 
3 
3 
2 
7 
2 
2 
2 
1 
1 
7 
7 
7 
1 
1 
1 
1 
7 
2 
7 
7 
3 
2 
3 
7 
3 
1 
1 
3 
7 
7 
7 

CONTN. FLT.  
COND. COND. - - 

N 3 
N 5 
C 3 
C 4 
N 1 
C 4 
C 5 
N 3 
N 4 
C 5 
C 5 
N C 3 
C 4 
C 4 
C 4 
N 1 
C 3 
C 5 
C 4 
C 4 
C 4 
C 4 
N 1 
N 1 
C 4 
N 3 
N 4 
C 3 
C ' 3  
N 4 
C 5 
C 3 
N 3 
C 3 
C 4 
N 5 
N 5 
C 5 
C 3 
C 4 
C 4 
C 5 
N 3 
N 3 
C 4 
C 6 



CHARACTERISTlCS OF ROTOR FAILURES - 1986 

SDR NO. 
860816037 
860519002 
860926086 
86021011 1 
860411017 
860905010 
860310027 
860310032 
861202009 
860502003 
860926113 
860314002 
860509012 
86041 1018 
860309004 
860620032 
860707035 
860929014 
861117109 
860729040 
861010164 
8605 16108 
860630038 
860528064 
860121058 
860729037 
860707060 
860110062 
860902016 
861028040 
860929 134 
860210103 
860630009 
861128062 
860912116 
860303046 
860824026 
8605 12028 
860210107 
860929043 
860328001 
861020073 
861201006 
860929 126 
861228010 
860721033 
861217015 

SUBMIT. 
AWXA 
AWXA 
SWAA 
TSAA 
PAIA 
PAIA 
PA1 A 
PA1 A 
PAIA 
AWXA 
ACLA 
AWXA 
ACLA 
TSAA 
REPA 
OZAA 
OZAA 
EIAA 
EALA 
PAAA 
PAAA 
UALA 
FTLA 
PAAA 
FTLA 
UALA 
PAAA 
TAGA 
TWRA 
TWRA 
NWAA 
NWAA 
NWAA 
TWAA 
FTLA 
NWAA 
PEXA 
PEXA 
NWAA 
NWAA 
PEXA 
FTLA 
FTLA 
TWAA 
TWAA 
TWAA 
sw99 

AIRCRFT 
B737 
B737 
B737 
B737 
B737 
B737 
B737 
B737 
B737 
B737 
B737 
B737 
B737 
JT8D 
DC9 
DC9 
DC9 
DC9 
DC9 
A310 
A310 
B7 47 
B747 
B747 
B7 47 
B747 
B747 
B7 47 
B7 47 
B747 
D C l O  
D C l O  
D C l O  
B7 47 
B747 
B7 47 
B747 
B7 47 
B7 47 
B747 
B7 47 
B747 
B7 47 
B7 47 
B747 
B747 
B7 47 

ENG . /LOC . COMPNT 
JT8D T 
JT8D F 
JT8D F 
J T8D T 
JT8D F 
JT8D F 
JT8D C 
JT8D T 
~ ~ 8 ~ 1 ~ 0 . 2  T 
J T8D T 
JT8D T 
JT8D F 
JT8D T 
JT8D F 
JT8D F 
JT8D F 
JT8D F 
JT8D F 
JT8D F 
J T ~ D / N O . ~  T 
~ T 9 ~ 1 ~ 0 . 2  T 
JT9D T 
JT9D T 
J T ~ D / N ~ . ~  T 
JT9D T 
JT9D T 
JT9D T 
JT9D T 
JT9D T 
JT9D T 
JT9D T 
JT9D C 
JT9D T 
JT9D T 
JT9D F 
JT9D T 
JT9D T 
JT9D T 
JT9D T 
JT9D T 
JT9D T 
JT9D T 
JT9D F 
JT9D T 
JT9D T 
JT9D T 
JT9DlN0.4 T 

FRAG . - 
TYPE - 

B 
CAUSE - 

7 
3 
3 
7 
3 
3 
3 
7 
1 
1 
1 
3 
7 
3 
3 
3 
3 
3 
3 
7 
7 
7 
7 
7 
7 
7 
2 
7 
1 
1 
7 
2 
1 
1 
3 
1 
7 
7 
7 
5 
7 
7 
3 
7 
2 
1 
7 

CONTN. FLT. - -  
COND. COND. - - 

C 3 



CHARACTERISTICS OF ROTOR FAILURES - 1986 

SDR NO. 
860911006 
861 109039 
860418010 
860728033 
861010080 
860310015 
861 11 7091 
861006019 
86 120 1009 
860811019 
860121062 
860630042 
860502019 
861128071 
861 128037 
860310013 
860226106 
860616040 
860808002 
860625058 
861014050 
860128008 
8601 08051 
860306008 
860424 176 
860714042 
860923016 
860513008 
860721026 
861103072 
8609 15064 
860321073 
860404054 
860411012 
860425019 
860707031 
860123054 
860123075 
861112071 
8602261 17 
860522010 
860912127 
861006169 
860103181 
860411014 
860824024 
860310025 

SUBMIT. 
EU5 1 
PAIA 
PA1 A 
PAIA 
PA1 A 
PLGA 
PLGA 
PAIA 
PAIA 
PAIA 
EMPA 
FLEA 
FLEA 
USAA 
USAA 
IJSAA 
MAAA 
AMWA 
AMWA 
ERAA 
BRIA 
ERAA 
PLGA 
PLGA 
ERAA 
MLSA 
PCAA 
RAYA 
CHQA 
C A1 A 
HALA 
CLTA 
BHAA 
RIOA 
CLT A 
RTOA 
PIOA 
PIOA 
MALA 
MAAA 
QXEA 
QXEA 
EALA 
EALA 
EALA 
E ALA 
EALA 

F2 8 SPEY 
F2 8 SPEY 
F2 8 SPEY 
F2 8 SPEY 
F2 8 SPEY 
F2 8 SPEY 
F2 8 SPEY 
F2 8 SPEY 
F2 8 S PEY 
F2 8 SPEY 
BACI 11-2 SPEY 
BAC111-2 SPEY 
BAC111-2 SPEY 
BACI 11-2 SPEY 
BAC111-2 SPEY 

FRAG . - 
TYPE - 

S 
B 
B 
N 
N 
N 
N 
N 
N 
N 
B 
N 
N 
B 
B 
B 
R 
B 
N 
N 
N 
N 
B 
B 
B 
B 
B 
B 
B 
N 
B 
B 
N 
B 
B 
N 
N 
N 
N 
R 
B 
B 
B 
N 
B 
N 
N 

CAUSE 
7 
7 
7 
7 
7 
3 
1 
3 
3 
3 
7 
7 
7 
7 
7 
7 
1 
7 
7 
7 
7 
2 
7 
3 
7 
7 
7 
7 
7 
7 
2 
7 
2 
1 
2 
2 
3 
3 
3 
7 
7 
7 
5 
2 
2 
2 
7 

CONTN . 
COND . - 

NC 
C 
C 
N 
N 
N 
N 
N 
N 
N 
C 
N 
N 
C 
C 
C 
NC 
C 
N 
N 
N 
N 
C 
C 
C 
C 
C 
C 
C 
N 
c 
C 
N 
C 
C 
N 
N 
N 
N 
C 
C 
C 
C 
N 
C 
N 
N 

FLT . - 
C OND . - 

5 
3 
3 
5 
3 
3 
5 
2 
7 
4 
3 
3 
3 
5 
5 
3 
3 
3 
4 
2 
7 
3 
3 
3 
5 
5 
4 
5 

10 
4 
7 
3 
1 
4 
4 
1 

10 
3 
3 
5 
5 
4 
4 
5 
4 
4 
4 



CHARACTERISTlCS OF ROTOR FAILURES - 1 9 8 6  

SDR NO. 
86012105 

SUBMIT. 
EALA 
CALA 
WRLA 
CALA 
UALA 
CALA 
CAIA 
AALA 
FDEA 
CMDF 
CMDF 
EALA 
CALA 
FDEA 
LLLA 
LLLA 
P SAA 
WPIA 
SW62 
AMTA 
EALA 
EALA 
EALA 
EALA 
EALA 
EALA 
D ALA 
TWAA 
TAEA 
EALA 
HALA 
TWAA 
HALA 
EALA 
TAEA 
TWAA 
BWIA 
WRNA 
WRNA 
REPA 
ASPA 
REPA 
GATA 
T I A A  
SRAA 
T I A A  
MRKA 

AIRCRFT ENG . /LOC . COMPNT 
A 3 0 0  C F ~ - 5 0 1 ~ 0 .  1 T  
D C l O  CF6-6 T 
D C l O  CF6-6 F 
D C l O  CF6-6 C 
D C l O  CF6-6 C 
D C l O  CF6-6 C 
D C l O  CF6-6 T 
D C l O  C F 6 - 6 I N 0 . 3  T 
D C 1 0  CF6-6 C 
D C l O  CF6-50  C 
D C l O  CF6-50  F 
D C l O  CF6-50  F 
D C l O  CF6-50  T 
D C l O  C F 6 - 5 0  T 
BAE146-1 A L F 5 0 2  T 
BAE146-1 A L F 5 0 2  T 
BAE146-2 A L F 5 0 2  T 
B 2 0 6 L - 1  2 5 0 C / N 0 . 1  T 
S 7  6A 2 5 0 C l N 0 . 1  T 
L l O l l  R B 2 1 1  T 
L l O l l  R B 2 1 1  F 
L l O l l  R B 2 1 1  C 
L l O l 1  R B 2 1 1  C 
L l O l l  R B 2 1 1  F 
L l O l l  R B 2 1 1  F 
L l O l l  R B 2 1 1  F 
L l O l l  R B 2 1 1  C 
L l O l l  R B 2 1 1  C 
L l O l l  R B 2 1 1  C 
L l O l l  R B 2 1 1  F 
L l O l l  R B 2 1 1  T 
L l O l l  R B 2 1 1  T 
L l O l l  R B 2 1 1  T 
L l O l l  R B 2 1 1  T 
L l O l l  R B 2 1 1  C 
L l O l 1  R B 2 1 1  C 
L l O l l  R B 2 1 1  C 
C L 4 4  TYNE5 15 C 
C L 4 4  TYNE5 15 C 
STCAPJC 5 0 1 - D l 3  C 
STCAPJC 5 0 1 - D l 3  T 
STCAPJC 5 0 1 - D l 3  C 
STCAPJC 5 0 1 - D l 3  C 
L 3 8 2 G  5 0 1 - D 2 2  C 
L 3 8 2 B  5 0 1 - D 2 2  C 
2 3 8 2 6  5 0 1 - D 2 2  C 
L 3 8 2 G  5 0 1 - D 2 2  T 

FRAG . 
TYPE - 

B 
N 
N 
B 
B 
B 
N 
B 
N 
N 
N 
N 
N 
N 
B 
N 
N 
D 
D 
N 
N 
N 
N 
N 
N 
N 
B 
B 
N 
N 
B 
B 
B 
N 
N 
B 
N 
N 
N 
N 
B 
N 
N 
N 
N 
N 
B 

CAUSE 
2 
7 
3 
7 
1 
7 
1 
7 
3 
7 
3 
3 
1 
3 
7 
7 
2 
6 
7 
7 
7 
2 
2 
7 
3 
7 
2 
2 
7 
7 
1 
4 
3 
7 
7 
1 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
7 

CONTN. FLT.  - -  
COND. COND. - - 

NC 4 



CHARACTERISTICS  OF  ROTOR F A I L U R E S  - 1986 

SDR NO. SUBMIT.  
8 6 0 1 3 1 0 7 3  

FWTA 
FWTA 
S RAA 
WPOI 
UALA 
ACLA 
AC LA 
SWAA 
P A I A  
P A 1  A 
DALA 
DALA 
NWAA 
AIRTX 

A I R C R F T  
DC8 
B707 
B7 0 7  
B7 0 7  
NR 
D C 8  
B737 
B737 
B737 
B737 
B737 
B757 
B757  
B757 
B 2 2 2  

COMPNT 
C 
C 
T 
C 
C 
C 
F 
F 
F 
F 
F 
F 
T 
F 
T 

FRAG . - 
TYPE - 

B 
N 
B 
N 
B 
B 
N 
N 
N 
N 
N 
B 
B 
N 
B 

CAUSE 
1 
3 
2 
3 
7 
1 
3 
3 
3 
3 
3 
3 
6 
3 
1 

CONTN . 
COM). - 

C 
N 
C 
N 
NC 
C 
N 
N 
N 
N 
N 
C 
C 
N 
C 

F L T  . - 
corn. - 

5 
4 
4 
1 
3 
5 
3 
3 
4 
4 
3 
3 
4 
4 
5 








