
File i -0076 

AIRCRAFT ACCIDENT REPORT 

Adcpted: August 27, 1969 

LOS ANGELES AIRWAYS, INC. 

C 1  L HELICOPTER. N300Y 

COMPTON, CALIFORNIA 

AUGUST 14, 1968 

N A i  lONAL TRANSPORTATION SAFETY BOP43  
DEPARTMENT OF TRANSPORTATION 

WASHINGTON D.C. 20591 



K A T I O X A 3  'I?. A?<: POETATIO?< SsZm Z<RYD 
ZXPASTTz;T C? TF&xSf ORTi;TiGi< 

s y n o p s i s  . . . . . . . . . . . . . . .  
Probable  'Cause . . . . . . . . . . . .  
X i s t o r y  of t h e  ? L l g ~ t  . . . . . . .  
I c j u r l e s  t o  Pers0r.s . . . . . . . . .  
D&na.ge t o  A i r c r a f t  . . . . . . . . . .  
G t k e r  Danage . . . . . . . . . . .  
Crew Ir.formaticn . . . . . . . . . . .  
A i r c r a f t  I n f o r n a t i o n  . . . . . . . . .  
K e t e o r o l c ~ i c a l  Lr f '~ . r lz t ior  . . . . . . .  
Aids to X a v i ~ a t L o n  . . . . . . . . . .  
C o n ~ u n i c a t i o n s  . . . . . . . . . . . .  
Aerodroae and Gro7~?d 5'ac:litLes . . .  
? l i g h t  Recorder  . . . . . . . . . . .  
Wreckage . . . . . . . . . . . . . . .  
? I r e  . . . . . . . . . . . . . . . . .  
S u r v i v a l  Aspects  . . . . . . . . . . .  
T e s t s  and Research . . . . . . . . . .  

. . . . . . . . . . . . . . . .  O t h e r  
Ana lys i s  . . . . . . . . . . . . . . .  
Conclus ions  . . . . . . . . . . . . .  

? ind ings  . . . . . . . . . .  
Probable  Cause . . . . . . .  

Recommendations . . . . . . . . . . .  



F i l e  N o .  1 - 9 ~ 1 6  

ATIONAL P.ANSPORTATION SAFETY BOARD 
DEPARTXENT OF TRANSPORTATION 

AIRCFiAFT ACCIDZNT REPORT 

Adopted: August 27L1969 
LOS A N G E L E ~  

S- 61s HELICOPTSR, $800~ 
COXPTON, CALIFORNIA 

AUGUST 14, 1968 

Los Angeles Airways, Inc. ,  S-61L hel icopter ,  N300Y, 
crashed a t  Cornpton, Ca l i fo rn ia ,  on August 14, 1958, a t  approxi- 
mately 1035 P.d.t.  A l l  18 passengers and three  crewmembers were 
f a t . a l ly  in jured ,  and the a i r c r a r t  w a s  destroyed by impact and 
f i r e .  

The f l i g h t  was en route  from Los Angeles In te rna t iona l  
Airport  t o  t h e  h e l i p o r t  a t  .4naheim, C a l i f w n i a ,  when t h e  yellow 
blade,  one of f i v e  maln r o t o r  blades, separated a t  t h e  sp indle  
which a t tached the  blade t o  the  r o t o r  head. F o l l o w i ~ g  t h e  
f a i l u r e ,  t h e  he l i cop te r  was uncontrol lable  and i t  f e l l  to t h e  
ground. 

The Safety Board determines t h a t  t h e  probable cause of 
t h i s  accident  was t h e  f a t i g u e  f a i l u r e  of t h e  yellow main r o t o r  
blade s p l ~ d l e ,  causing separat ion of t h e  blade which made the  
a i r c r a f t  uncontrol lable .  The f a t i g u e  crack or ig ina ted  i n  a n  
a r e a  of substandard hardness and inadequate shot  peening. 



I. IhiTICATION 

1.1 Xistory of the Flight 

Los *geles Airways, Inc., (LAA) Flight 417, was a 
regularly scheduled passenger fllght from Los Angeles Inter- 
natianal Airporz to Anaheim, California. The aircraft 
and crew had completed three round trips to various destinations 
in the Greater Los Angeles Metropolitan area beginning at 
0607,l~' and departed the ramp at Los Angeles for Flight 417 
at 1026. The flight, 0peratir.g under Visual Flight Rules (VFR) , 
was cleared by Los Angeles Eelicopter Control to take off and 
proceed eastbound at 1028:15. For the next few nlnutes, traffic 
coordination was accomplLshed on both the Relicopter Control and 
Hawthorne Tower frequencies. The captain also checked an 
alternate trznsmltter with Helicopter Control which reported 
difficulty hearing the flight. At 1029:30, the flight reported 
ts Hawthorne Tower that it was departing Los Angeles east- 
bound along Irn?erial Boulevard at 1,200 feet. At 1032:55, 
Helicopter Control advised, "LA four seventeen, seven miles 
$ast, radar service terminated." The flight acknowledged, 
Four seventeen thank you." This was the last known radio con- 
tact with the rllght. 

Statenents were obtained from 91 witnesses. A cocsensus of 
their observations indicates that the helicopter was proceeding 
along a normal rlightpth when a loud noise or unusual sound 
was heard. A main rotor blade was either observed to separate 
o r  was seen separated in the  vicinity of the maln rotor disc. 
As the helicopter fell in variously described gyrations, the 
tail cone either folded or separated. In order to establish an 
approximate altitude for the flight, several sfmulzted flights 
were conducted In a sicilar helicopter. Most witnesses Ineicated 
that the flights at 1,200 to 1,500 feet appeared to be most accurate. 

The crash site coordinates were approximately 333541N 
latitude and 118°121~ longitude, and the elevation 97 
feet m.s.1. 

1.2 Injuries to Persons 

InJuries 
Fatal 
Nonfatal 
None 

Crew - 
3 
0 
0 

Others 
0 

2 All times herein are Pacific daylight, based on the 24-hour 
clock. 
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1.3 Dama~e t o  A i r c r a f t  

The a i r c r a f t  w a s  destroyed by impact and f ire.  

1 .4  Other Dama~e 

None, 

1 .5 Crew Iriformation 

A l l  crewmembers were properly q u a l i f i e d  f o r  t h e i r  respect ive  
assignments. ( s e e  Appendix A f o r  d e t a i l s . )  

1 .6  Ai rc ra f t  Information 

The a i r c r a f t  had been maintained i n  accordance with Federal 
Aviation Administration FAA) requirements, and w a s  roperly 
loaded f o r  t h e  f l i g h t .  See Appendix B f o r  d e t a i l s .  P 
1.7 Meteorological Information 

Witnesses i n  t h e  area  described the  weather as very good, 
with c l e a r  v i s l b i l l t y  below a l a y e r  of clouds which were higher 
than the  h e l i c o p t e r  was f ly ing .  The wind w a s  l i g h t ,  general ly  
froin the  southwest. 

1.8 Aids t o  Naviuation 

Not appl icable .  

I j Communications 

LOS Angeles Helicopter Ccntrol  advised t h a t  i t  w a s  having 
d l f f i c u l t y  reading  F l i g h t  417 s h o r t l y  after takeoff ,  but  
subsequently repor ted  another t r ansmi t t e r  as "loud and c lear ."  

1.10 Aerodrome and Grcund F a c i l i t i e s  

Not appl icable .  

1.11 Fl igh t  3ecorders  

No f l i g h t  recorders  were i n s t a l l e d  o r  required.  

1.12 Wreckage 

The a i r c r a f t  crashed i n  a r e c r e a t i o n  park loca ted  i n  a 
r e s i d e n t i a l  i n d u s t r i a l  a rea .  The e n t i r e  fuselage,  both engines, 
maln r o t o r  head assembly, four  main r o t o r  blriies, and t h e  pylon 



assembly were located in the main impact area. The fifth 
main rotor blade (yellow) including the sleeve and part of 
the spindle, was located approxlmately one quarter of a mile 
northwest of the main wreckage site. Minor parts associated 
wlth tiis rotor blade were scattered over a three-block area 
northwest of the park. Examination of the yellow blade spindle 
(S/N ~ ~ 1 9 )  revealed a fatigue fracture in the shack of the 
spindle adjacent to the shoulder at the Inboard end of the 
shank. (see Attachment 1. ) 

1.13 Fire - 
There was no evidence of in-flight fire; however, an 

intense ground fire occurred at impact. The fire was 
extinguished by the Compton Fire Department. 

1.14 Survival Aspects 

This was a nonsurvivable accidenc 

1.15 Tests and Research 

A stereomlcroscope examination of spindle AJ-19 revealed 
that the nucleus of the fatigue fracture was on the trailing 
side of the spindle, one-eighth of a~ Inch below the centerline, 
approximately at the shank tangency point, with the 0.125 
inch radius at the shanwfork junction. The crack had origi~ated 
in the base metal surface at the interface with the nickel 
plating, and propagated through approximately 72 percent of the 
shank cross-section prior to the fallt=e= Additicnel 
laboratory studies revealed the followlrg factors associated 
with the development of the fatigue crack: 

Incomplete shot peening of the spindle shank before 
plating. Adequate shot peening umld have increased 
the fatigue strength of the spindle and reduced the 
detrimental effect of the three following factors. 

Low hardness of the steel in the area of the shank/ 
fork junction where the fracture occurred. The 
general hardness was k \low the minimum specified 
for the spindle and, in addition, there were localized 
variations in hardness associated wlth a banded 
microstructure in the steel. The fatigue nucleus 
was In one of the softer bands. 

A small surface flaw, similar tc a corrosion pit, 
m y  have been present at the fatigue nucleus. Such 
a pit would Lncrease the stress concentration 
normally present in the shank/fork fillet. 



(4 )  The n icke l  p l a t i n g  may have had a  de t r imenta l  e f f e c t  
on t h e  f a t i g u e  s t r eng th  of the  unpeened base metal. 

1.16 Other 

The sp indle  i s  p a r t  of t h e  assembly which a t t a c h e s  t h e  
main r o t o r  blade t o  the  main r o t o r  head, and about which the  
blade r o t a t e s  t o  provide p i t ch  cont ro l .  The sp indles  a r e  forged 
by independent cont rac tors  whose q u a l i t y  cont ro l  of t h e  p a r t s  
includes chemical ana lys i s ,  magnetic p a r t i c l e  inspect ion,  and 
hardness t e s t i n g .  One forging se lec ted  from each "heat  batch" Is 
subjected t o  35 separa te  B r i n e l l  hardness checks a long the  longi- 
tudina l  a x i s .  Each remaining sp indle  i s  checked through use of 
a standard B r i n e l l  hardness t e s t e r .  The rece iv ing  inspect ion  a t  
Sikorsky cons i s t s  of (1) comparison of the chemical and physical  
proper t ies  l i s t e l  on the  c e r t i f i c a t i o n  shee ts  with t h e  procuFe- 
ment spec i f i ca t ions ;  (2; ver i fy ing  t h a t  necessary Inspect ions 
have been conducted by the  cont rac tor ;  ( 3 )  t e s t i n g  of a sample 
of the forging l o t  t o  v e r i f y  t h a t  the  chemical and physical  
proper t ies  meet spec i f i ca t ions ;  and ( 4 )  on t h e  b a s i s  of statistical 
sampling dimensional inspect ion,  nondestructive t e s ~ i n g  
(magnaf lux)  , and hardness checks. 

P r io r  t o  the  acc ident ,  t h e  hardness t e s t  on the  b a s i c  forg- 
i n g  sample a t  Sikorsky w a s  accomplished on t h e  shank end. I f  
t h e  sample f a i l e d  t o  meet the  hardness, magnaflux, o r  c e r t a i n  
dimensional checks, t h e  e n t i r e  l o t  of forgings would be r e j e c t e d .  
During the  manufacturing process, each sp indle  w a s  magnetic pzr- 
t i c l e  inspected, and t e s t e d  f o r  hardness and dimension following 
each  pera at ion. The hardness check a f t e r  t h e  machining operat ion 
w a s  made a t  the  f o r k  end of the  spindle .  Normally only one read- 
i n g  per sp indle  w a s  made unless  t h e  value was near  t h e  acceptable  
tolerance.  I n  t h i s  instance,  add i t iona l  readings wouid be taken 
t o  insure  t h a t  t h e  hardness w a s  acceptable.  

Subsequent t o  t h e  accident ,  Sikorsky i n s t i t u t e d  a new pro- 
cedure requi r ing  t h a t  a star.dard Rockwell hardness t e s t  5e 
accomplished i n  t h e  t r a n s i t i o n  a r e a  adjacent  t o  t h e  r ad lus  a t  t h e  
shank/fork junction. 

A s  p a r t  of t h e  main r o t o r  head, the  sp indles  a r e  overhauled 
every 1,200 hours t o  inspect  t h e  bores i n  t h e  e a r s .  2nd t h e  out- 
s i d e  d i a m e t e ~  of t h e  shank f o r  scoring, scra tches ,  f r e t t i n g ,  
corrosion, gouges, o r  o ther  damage. They a r e  a l s o  magnetic par- 
t i c l e  inspected a t  every overhaul. The i n i t i a l  t h r e e  over- 
hauls  of sp indle  Aj-19 ?:ere r o u t i n e  and completed i n  December 
s 6 3 ,  October 1964, and August 1965. During t h e  four th  overhaul 
I n  June 1966, t h e  magnaglo inspect ion indica ted  t h e  presence of 

The magnetic p a r t i c l e  Inspect ion includes e i t h e r  magnaflux 
o r  magnaglo. 



nonmetallic inclusions 3/ on spindles AJ-19 and AL-82. They 
were sent to Sikorsky Aircraft for determination of their air- 
worthiness, and were returned with the notation, ". . . no 
evidence of nonmetailic inclusions which could impair the 
serviceability of the parts." LAA then sent both spindles 
along with three others to Modern Plating Company (MPC) for 
salvage. 4f 

The L A A  purchase order for the salvage of the five spindles 
was accompanied by a drawing which set forth the rollowing 
procedure: 

Grind bearing Journal to 4.523/4.524 

Magnaflux Inspect after grind 

Shot peen reworked area 

No. 170 Shot per MIL-S-13165 
Intensity - .010/.012~ 
Mask retenrion "Yt Threads and washer land 

Nickel Sulfamate plate to 4.530 diameter 

Finish grind to 4.5271/4.5281 

Mask spindle ear bores awl threads, Cadmium plate 
per &&-P-416 CL 11 type 11 

These instructions were in accordance with the salvage prsce+dre 
recommended by Sikorsky Aircraft except that LAA did not specify 
hardness criterla or amplifying instructions for the Nickel 
Sulfamate platin . The Sikorsky procedure assigned a 9lating 
process (sS 811147 which requires s rni~irnum hardness of Rockwell 
c 47. 

The Quality Control Manager for MPC testified at the public 
hearing that his company subcontracted for the shot peening of 
the spindles with Astro-Peen Company. Following this operation 
they are given a visual Inspection for peening and then plated. 
He advised that his plating procedure would produce a hardness 
In the range of Rockwell C 30 fo 35. 

3 Nonmetallic inclusions - Particles of nonmeballic Lmpuritles, 
such as oxides, sulphides, and silicates, in a steel. 

4/ Sikorsky overhaul instructions refer to the herein described 
rework procedure as salvage. 



The owner of Astro-Peen Compa~y repor ted  t h a t  he had shot  
peened the  sp indles  on a manual machine because it has loaded 
w i t h  170 shot,  whereas the automatic machine b ig  enough t o  
accommodate the  sp indle  was loaded w i t h  smaller  sho t .  He per- 
fomed the  work i n  accordance w i t h  ~ i 1 - ~ - 1 3 1 6 5 .  

During the  f i f t h  overhaul (~ovember 1956),  s3 indle  A J - 1 9  
w a s  examinet?, along w i t h  t h r e e  o ther  sp indles  from t h e  same r o t o r  
head, by representa t ives  from Sikorsky. They determined t h a t  
t h e  f r e t t i n g  of n icke l  p l a t e  w a s  due t o  insufficient hardness 
of  the p la t ing ,  and recom~ended t h a t  t h e  sp indles  be reworke'd 
i n  zccordance with previously provided engineering ins t ruc-  
t i o n s .  On May 9,  1967, these  four  sp indles  and %he firth, 
which had not  been p la ted  a s  y e t ,  were shipped t o  Sikorsky f c r  
salvage. I n s t r u c t i o n s  on t h e  LAA 3urchase order ,  t h e  shipping 
document, S ikorskyts  RMA ( ~ e t u r n  Mater ials  ~ u t h o r i z a t i o n )  
document, customer checkoff l i s t ,  and overhaul and r e p a l r  order  
r e l a t i n g  t o  t h e  shipment and subsequent processing of  the  f i v e  
spindles  s p e c i f i c a l l y  out l ined  each operat ion t o  be accomplished, 
as follows: 

( I )  S t r i p  previous n ickel  p l a t e  

( 2 )  Replate and grind 

( 3 )  Nickel Sulfamate p l a t e  per SS 8414 

(4 )  Shop peen pe r  ~ 1 ~ - ~ - 1 3 1 6 5 ,  No. 170 shot  i n t e n s i t y  
10-12A. 

The work order  operat ion sheet  d isc losed  t h a t  the  requirement 
t o  shot peen was de le ted ,  and the re fo re  not  accomplished during 
t h i s  salvage of the  f i v e  sp indles .  The opera tor  who perforned 
t h e  p l a t i n g  of t h e  sp indles  s t a t e d  t h a t  s i n c e  they appeared t o  
have been shot. peened, he d i d  no t  sho t  peen them at  t h a t  time. 
The Suftervlsor of Planning and Production Control , e s t i f l e d  
t h a t ,  . . . i t  w a s  n o t  ca l led  out  as a separa te  s t e p  cn the  
operat ion shee t  s ince  it i s  covered i n  t h e  s tandards f o r  p l a t i n g  
and a t  t h a t  time when the p a r t  w a s  s t r ipped  i t  would be checked." 
He a l s o  repor ted  t h a t  as a r e s u l t  of t h i s  inspect ion  i t  was 
determined t h a t  sp indle  AJ-19 had previously been shot  peened, 
and therefore  t h a t  s t e p  of t h e  procedure was deleted.  

The Chief, Q u a l i t y  Assurance and R e l i a b i l i t y  f o r  Sikorsky 
A i r c r a f t  s t a t e d ,  "As t h e  o r i g i n a l  manufacturer and designer of 
t h e  he l icopter ,  we possess t echn ica l  c a p a b i l i t i e s .  I t  i s  not  



LTCO~TCT.  t o  set, ar, orde'r  IT. fr3.7; a c u s t m e r  k i t h  n e q u l r e a e n t s  
t k z t  i r e  n o t  r e q x i r e d .  S l z c e  we do 2ossesz  t? . l s  t e c h x l c a l  
c a p a b l l l t y ,  xe  W O G ~ ~  ? l a c e  t h e  L texs  L n  p r c p e r  p e r s p e c t i v e .  
IR t h i s  ?-star-ce,  t t e  l c s p e c t o r  i n  t h l s  a r e s ,  and t h e  o p e r a t o r ,  
are  w e i l  a c q c a i n t e c  wl th  ( 2 2  5414). They are w o r k L ~ g  w i t h  i t  
a i l .  :he t ime,  a s d  t k e  docx-rient i s ,  :; the area. ' i he rc  a r e  x a r y ,  
many ;arts whlc!: we g r c c e s s  t k ~ o u l ; ~  c u r  s j r s t e : ~  a f t e r  h a v i s g  
been s h o t  p e e ~ e d  o r c z .  9 1 r c e  t h e r e  is r o  r e q u l r e c e z t  t o  r e - s h o t  
peen,  upcr, exa.;..irat:or t h a t  a s h o t  pecniri: o p e r a t l o r .  kaC keen 
c o n p l e t e d  a t  a r e  ~0 : r . t  in t l x e ,  t b ~ e y  w o ~ ' d  proceed t o  i ~ . d c c ~  
t h e  ?art i n t o  t h e  n l c k e l  su l f a rna te  p r o c e s s .  Eowever, te:ore 
t k e y  would p e r x i t  t h e  p a r t  t o  ;c i n t o  t k e  p1at i r .c  operat lor : ,  
t k e y  would have cat:si':i.d t h e x c e l v e s  tt.at tti! pal.: had i r  :act 
beez s h o t  pecfiec. !' 

The f ixCh overk.aui o f  s p l n d l e  A:-15 was c s z p l e t e d  5y 
Los Anzeles  ;.irways 'n ,u?e 1463, a t  wk.ick t l z c  L t  had Seen 
o p e r z t e d  f o r  5, $1,. 2.3 h o u r s  . :Jo c r a c k -  usrs d e t c c  t e c  c ~ r l r . ~  
t?.e . m g n a ~ l o  l n s p e c t l o n  cor'ducted a t  th i s  t i n e .  The s p l r , d l ~  
W . i S  t hen  r e I r , s t a l l c d  or. !;30CY, z s d  resa1r.e~ t h e r e  u r , t l l  t h e  
t i ~ e  0; t k e  a c c i d e n t .  The s p i n d l e  had a t o t a l  t i - c  of  
7,371.i5 hours  prL3r t o  t h e  e s t l n w t e d  3.17 f l l c k t  n o m c  0:: 
t h e  day of  t h e  a c c l d e ~ t .  

2. AXALYSIS  AhQ CONCLUSIONS 

2 . 1  A n a l y s i s  

Zxam1:-aticr, o r  t h e  wreckaze e a r l y  i n  t h e  I r . v e s t i s a t l a n  
r e v e a l e d  W-;.,t z f a i i ; u e  f r a c t u r e  Ir, t h e  sl-.ank o f  t h e  ye l low 
b l a d e  s p i n d l e  r e s u l t e d  i n  s e p a r a t l c n  of  t h e  y e l l o x  maln r o t o r  
b l a d e ,  and zausec  102s o r  c o n t r o l  o f  t h e  a i r c r a f t .  I t  wac 
s ~ b s e q u e n t l ~ ~  de termined t h a t  no o t c e r  f a c t o r s  r e l a t s d  t o  t h e  
o p e r a t l ~ n  o f  t h e  f l i z h t  were Invo lved .  C o r s q u e ~ t l y ,  t h e  
n a i n  t h r u s t  of  t:?e I n v e s t i ~ a t i o r ,  focused  or. t h e  c i r c ~ n s t a n c e s  
s w r o m d l ~ :  t h e  cause  o f  t h e  f a t L z u e  c r a c k  and t h e  faiLure t o  
d e t e c t  lt. 

The f r a c t u r e  i;as o f  a t y ~ e  g e c e r a l l y  d e s c r i b e a  es a h i ~ h -  
C Y C ~ C .  low-:tress fatigue f:*aciu-.~. A c r a c k  was I n i t i a t e d  by 
s t r e s s e s  w e i l  b e i ~ w  t h e  srsss y i e l d  z t r e c s t k  o f  t h e  s t e e l  and 
p - o p a ~ a t c d  by rnany +,.Llousar.ds o f  l o a d  c y c l e s  b e f o r e  t h e  spiridle 
r a i l e d  c o a p l e t e l y .  I t  i s  b e l i e v e d  t h a t  t h i s  c r a c k  was p r e s e r t  
and l a r ~ e  erough t c  be d e t e c t e d  d u r i n g  t h e  magnaglo i n s p e c t i o n  



t h a t  was conducted a t  t k e  l l z s t  overhaul  cf t h e  sp:r.cle, The 
magnaglo equipment o p e r a t e a  5y LA;. shou ld  be ca-+.:le o f  
d e t e c t i n g  c r a c k s  as smll as C.SX i ~ c h  I n  l e n z t k  under - 
p l a t i n g  of t h e  t h i c l m e s s  orA s 9 i n a l e  A J - 1 5 .  I t  I s  n o t  kr,oi*r, 
why t h e  c r a c k  was n o t  d e t e c t e d .  

Regzr4ding tine cause of  t h e  f'at:;=t;e c r a c k ,  as previously 
noted ,  t h e  b a s i c  meta l  s t o c k  of  t h e  s p l K d l e  had a bar.ded z l c r o -  
s t r u c t u r e ,  indicatlr-.: l a c k  of  ur-if o r n i  t y  i r .  tk,e d i s t r l S u t Z o ~  
of c e r t a i n  c o n s t i t u e n t s  of t h e  s t e e l .  The s e g r e g a t i o c  o f  tk-ese 
e l e n e n t s  i n  t h e  l r g o t  from whlch t h e  s p i r , d l e  w a s  manufacture?, 
a f f e c t e d  i t t  r e s p o n s e  t~ h e a t  t r e a t m e n t  and r e s u l t e d  :n hardr-ess  
r e a d i n g s  a s  lcw a s  28 OK t h e  Rockwell C s c a l e .  Xicrohardr ,ess  
t e s t s  b d i c a t e d  t h a t  the l ~ c a l  h a r ~ n e s s  lr. t h e  s o f t e r  bands 
was even lower .  

Thus, t h e  hardness  of t h e  s t e e l  a t  t h e  p o l r t  where t n e  
f a t i c u e  c r a c k  l r , I t I a ~ e d  was w e l l  below t h e  r a z g e  of 3U t o  3f? 
Rockwell C s p e c i f i e d  or, t h e  s p i n d l e  n~anufactur:ng drawing. The 
rough c c ~ r e l a t l o n  be tkee r  t h e  hardness  and f a t i g u e  s t r e n ~ t h  of 
t h e  s t e e l  i n d i c a t e s  that t h e  f a t i g u e  s t r e n g t h  o f  s g i n d l e  
A J - 1 5  was considerably lcwer  than  t h a t  o f  o t h e r s  conplying 
w i t h  a l l  of  t h e  s p e ~ i f l ~ z a t i ~ n  requ i rements .  I n  a d d i t l o r ,  i f  
t h e  s l i g h t  p i t 5 i n g  o t s e r v e d  a t  t he  f a t i m e  n u c l e u s  was p r e s e n t  
p r i o r  t o  t h e  i r L i t i a t i o n  of t h e  crack ,  i t  would have tended t o  
f u r t h e r  r educe  t h e  r e s i s t z n c e  o f  t h e  s p i n d l e  to fatL@;i;e f a i k u r e .  
The e f f e c t  of t h e  p l a t i n g  i t s e l f  i s  difficult t o  e v a i u a t e ,  
b u t  p i c k e l  p l a t i n g  normally produces some r e s i d u a l  t e n s i l e  
s t r e s s  i n  t h e  s teel  suzface wh!ch would t e n d  t o  reduce  t h e  
f a t i g u e  s t r e n g t h  o f  t h e  s p i n d l e  and t h ~ s  i R c r e a s e  t h e  d e t r i a e r . t a l  
e f f e c t  of t h e  o t h e r  f a c t o r s  mentioned above.  However, i t  shou ld  
be r ~ o t e d  t h a t  t h e  3.2 &414 p l a t i n g  p r o c e s s  :vas s e l e c t e d  t o  
minimize t h e  detrimental e f f e c t s  of  c l c k e l  p l a t i r , g .  

I n c o m ~ l e t e  s h o t  p c e n i ~ g  undoubtedly was a n  ImpcY~ant  
facYor because t5e peening had n o t  been e f f e c t i v 5  i n  t h e  
c r i t l c a l  a r e a  of  t i ie s h a n u f o r k  i ' i l l e t  wP,er.e t h e  f a t i s e  c r z c k  
o r i g i n a t e d .  Adequate s h o t  peening of  t h e  f i l l e t  would have 
extended t h e  f a t i w e  l i f e  of t h e  s p i n d l e  by i n c r e a s i n g  t h e  
f a t i s u e  s t r e n g t h  i n  t h e  area  here t h e  g e n e r a l  ha rdness  w a s  low 
and where l o c a l i z e d  s o f t  s p o t s  were p r e s e n t .  I t  probably  would 
have e l i m i n a t e d  any detrimental e f f e c t  of' swll p i t s  o r  othez* 
ma l l  z u r f a c e  d e f c c t s  t h a t  migkt  have  been p r e s e n t .  



Some i n f o m t i o r  o r  t h e  e f f e c t  cf s h o t   peen:^^ was 0ktalF.ed 
from two s p i n d i e s  t k a t  had Seen sa lvaged ,  S u t  n o t  s h c t  ?eezed,  
s i m u l a t i n g  t h e  condi t lor .  of A:-1:. These were i s c l ~ c e 5  :z a 
f a t i g u e  t e s t  p r o g a r ,  c o r , d ~ c t e d  by SZkcrsky a f t e r  t h e  accident. 
R e s u l t s  were t h a t  tr,e f a t i g x e  l:fe o r  t h e s e  two s? l r ,d les  was 
0nl.y about  o n e - f i f t h  t o  c~ne- ten th  cf t h e  zean l i f e  cf s p i ~ c i l e s  
t h a t  had been s h o t  peezed d u r : ~ ~  t h e  s a i v a g e  o p e ~ a t i c ? ~ .  

F l n a l l y ,  t h o u ~ h  v : ~ t u a l i y  I ~ p s s i S l e  t o  e l t h e r  a s s e s s  o r  
e x p l a i n ,  i s  t h e  o v e r a l l  e f f e c t  o t  t h e  s a l v a g e  procecure  or tr.e 
p a r t .  I t  i s  a p p z r e z t  from t h e  fa t : ,y~e  t e s t i 7 . s  c o ~ d c c t e d  ty 
S i k o r s k ~  t h a t  t h e r e  i s  e x t r e z e l y  wiue s c a t t e r  i n  t h e  r e l a t i v e  
fat:gue s t r e n g t k  of salvs;ez sp i r .5 les .  The f a : l q u e  pattel- 
of reworked s a ~ p i e s  raz:ed f r o z  t h o s e  wi tn  t h e  s h o r t e s t  f a t i g ~ e  
l i f e  t o  t h o s e  t k a t  were ~ e t l r e d  wzthoct  fa : l ing  ( two c f  which 
were from 33KY . The fcl1owir.g p o s s i k l l : t i e s ,  i r - . d l v l d ~ a i l y  o r  
i n  combLratioc c x l d  expla:n t P l s  a ~ ~ o a a l y :  

(1) F r e t t i n 5  o r  o t h e r  s e r v i c e  da.nage t o  t h e  base  a e t a l  
which 1s n o t  elix:n?.ted p r i o r  t o  p l a t i n g .  

( 2  V a r i a t i o n s  i n  degree  of  s h o t  peening 

( 3 )  3 i f f e r e n c e s  I n  t e n s i l e  s t r e s s  f r o a  t h e  p l a t i n g  

( 4 )  C o i n c i d e n t a l  n o r m 1  v a r i a t i o n  IF t h e  f a t i g u e  
p r o p e r t i e s  of  t h e  base  m e t a l .  

There  were two i t e n s  of c o r o l l a r y  i n t e r e s t  d i scovered  
d u r l n g  t h e  Investigation. The f i rs t  was t h e  a p p a r e n t  f a i l u r e  
o f  LAA t o  i n s u r e  t h a t  p l a t i n g  of  t h e  p roper  hardness  was used 
i n  t h t  i n i t i a l  s a l v a g e  of  AJ-15. However, i ~ a s m c h  as t h i s  
p l a t i n g  w a s  r e p l a c e d  wi th  p roper  p l a t i ~ g ,  presumably b e f o r e  
i n i t i a t i o n  of t h e  c r a c k ,  i t  had no b e a ~ i n g  cn t h e  a c c i d e n t .  

The second area i s  s o r e  d i f f i c u l t  t o  a c c u r a t e l y  assess, 
but conce ivab ly  d i d  have a d i r e c t  e f f e c t  on t h e  acc1der.t .  
Zikorsky,  Sased on t h e i r  unique e x p e r t i s e ,  e l e c t e d  t o  d e v i a t e  
from t h e  Specific i n s t r u c t i o n s  of  the:? customer and t h e i r  own 
w r i t t e n  procedure  i n  t h a t  t h e y  d i d  n o t  s h o t  peen s p i n d l e  A J - 1 5  
d u r i n g  t h e i r  s a l v a g e  of t h a t  part. Inasmuch as i n a d e q u a t e  s h o t  
peening i n  t h e  s h a n w f o r k  r a d i u s  area of t h e  s p i n d l e  c o r t r i S u t e d  
t o  t h e  I n i t i a t L o n  o f  t h e  f a t i g u e  c r a c k ,  i t  must t e  concluded 
t h a t  t h i s  omission had a d i r e c t  b e a r i n g  or, t h e  a c c i d e n t .  



1. The a i r c r a C t  g r o s s  weight  and c e n t e r  o f  g r a v l t y  
were w:thin l i m i t s .  

2 .  The c remembers  were qualified f o r  t h e  f i i* t .  

3 .  The yel low rnalr, r o t o r  b l a d e  s e p a r a t e d  i f i  f l l g h t  
r e n d e r i n g  t h e  a i r c r a f t  a z c o n t r s l l a b l e .  

4 .  " lade  s e p a r a t i o n  was due t o  f a t i g u e  f a i l u r e  
of i k A 4  sp:r.dlc. 

c ,. The f a t i g u e  c rack  was a h igh-cyc le ,  low-s t ress  
type  which propagated o v e r  a long  pe r iod  of t ime.  

6. The c rack  I n l t l a t e d  beczcse  of a c o ~ b l n a t i o n  of 
t h e  fol lowil?g f a c t o r s :  

( a j  X e t a l  ha rdness  below s p e c l f l c t i t l o n s  a s s o c i a t e d  
wi th  a banded r n l c r o e t r u c t u r e .  

( b ,  Improper p e e n h e  of  t h e  b a s e  m e t a l  s u r f a c e .  

! c )  P o s s i b l e  d e t r l r n c n t a l  e f f e c t  o f  r e s i d u a l  
t e n s i l e  s t r e s s  from the p i a t l n g .  

( d ,  P i t t i n g  whlch may have been p r e s e n t  I n  t h e  
base  a e t a i  s u r f a c e .  

7. i t  i s  b e l l e v e d  t h a t  t h e  c r a c k  w a s  p r e s e n t  a t  t h e  
l as t  magnaglo l n s p e c t i ~ n  of t h e  p a r t ,  and I t  i s  
n o t  h.own why I t  w a s  n o t  d e t e c t e d .  



(b) Probable Cause 

The Safety  Board determines that  the  probable cause o f  
t h i s  accident  was the f a t i ~ ~ e  f a i l u r e  of  the  yel low maln rotor 
blade spindle,  causlng aepaxwatlon of the blade which made the  
a i r c r a f t  uncontrollable.  The f z t i g u e  crack originated i n  an 
area of  substandard hardness and inadequate shot  peening. 



I n i t i a l  f i n d i n g s  cf t h e  i n v e s t i g a t i m  r e v e a l e d  t h a t  t h e r e  
was s t r c n g  evidence  o f  a a e t a l  f a t i g u e  type  f a i l u r e  i n  tk.e r o t o r  
b lade  s p l n d l e  assembly.  Acco~d'ngly on August 16,  1961, t h e  
folZcw1ng recommenda t io~s  w e r e  nade t o  t 3 e  FAA: 

"i3ased OR L t s  p r e l l z i n a r y  f i n d i n g s  i n  t h e  Cmpton  c ras t .  
I ~ v e s t i g a t : o n ,  t h e  S a f e t y  Zoard today i s  r e c o n ' ~ ~ e n d i ~ g  tc 
t h e  Federa l  Avia t ion  A m i n i s t r a t o r  t h a t  he  { I )  r e q u i r e  
a n  : .mediate f l e e t  i n s p e c t i o n  o f  a l l  S i ~ 0 r ; k y  S-61 h e l l -  
c o p t e r  s p i n d l e   its; ( 2 ,  a a o p t  a  more p r e c z s e  and 
f r e q u e ~ t  ; r . spect ion  t o  p rec lude  f u t u r e  s p i n d l e  u r t l  t 
f a i l u r e s ;  and ( 3 ,  s t u d y  t n e  need r o r  e s t a b l 2 s h i n &  a 
re t : resent  L i f e  f o r  t h i s  vital p a r t . "  

Or the sane  d a t e  ;he FAA l s s u e c  a t e l e g r a p h i c  Airwor th iness  
D i r e c t i v e  whlck r e q u i r e d  t h e  following ac t io r , :  

Eefore Yur ther  f l i ? h t ,  remove n a i n  r o t o r  S l a d e  s p i n d l e s  
P, 3s 56116-23325-1, 26110-23325-2 and ~6112-23025-1 
t h a t  e l t h e r  have been "sa lvaged"  . . . o r  have accu- 
mulated 2,4C3 o r  more haws t i n e  I n  s e r v i c e  OK t h e  
e f f e c t l v e  d a t e  o f  t h i s  AD, and r e p l a c e  w i t h  blade 
s p i n d l e s  of t h e  same part nunber t h a t  have n o t  beer. 
"salva&eci" and t h a t  have less than 2,400 hours  t ime 
IR s e r v i c e .  

Replace mail; r o t o r  b l a d e  s p 1 ~ 5 l e s  P / N s  ~6110-23325-1, 
S611G-23325-2, and ~6112-23025-1, t k a t  have n o t  been 
" s a l v a q e d '  and have less than 2,430 hours  t lae i n  
s e r v i c ~ ~  or: t ? ~ .  e f f e c t i v e  d a t e  of  t h i s  AD, b e f o r e  t h e  
a c c u n u ~ ~ t : . o z  of 2,4GC hours t ime  i n  s e r v i c e  w i t h  
main r o t o r  b l a d e  s p i n d l e s  of t h e  same p a r t  number 
t h a t  have n o t  Seen ' ' sa lvaged"  and have less  t h a n  
2,40C hour-  t i m e  i~ s e r v i c e .  

On February 27, 1962, t n e  S a f e t y  Board forwarded a 
recom,~endat ion  t o  t h e  % which s t a t e d  ir p a r t :  

 he s p i n d l e ,  &s o r l & n a l l y  des igned  an3 t e s t e d ,  w a s  
c e r t i f i c a t e d  as as c n l l n i t e d  l i f e  ite? by t h e  F A A .  A s  
t e s t i f i e d  t o  a t  t h e  r e c e n t  h e a r i n g  h e l d  i n  cormectlon 
w i t h  t h i s  a c c i d e ~ t ,  t h i s  c e r t l f l c a t i o n  was based on d a t a  
submi t t ed  by t h e  S i ~ a r s k y  A i r c r a f t  Corpora t ion  and 
approved by t h e  BAA.  No suck d a t a  were submit ted  I n  r e g a r d  
t o  reworking a s p i n d l e .  F u r t h e r ,  I t  appeared,  from 



test imony g iven  a t  t h e  h e a r i n g  by FAA personne l ,  t h a t  
t h e  FAA w a s  n o t  aware o f  t h e  rewo-k procedure  u n t i l  a f te r  
t h e  a c c i d e n t s . "  

" ~ t  t h e  t : ~ e  s p i n d l e  rework w a s  developed by 
Sikorsky,  I t  is a p p a r e n t  t h a t  the c r i t e r i a  f o r  de termln-  
i n g  what c o n s t i t u t e d  a m a j o r . o r  a minor change, a l lowed 
t h e  rework t o  be c l a s s i f l e d  a  minor change. Under such 
a c l a s s i r l c a t i o n ,  no r . o t i f i c a t ? o n  t o  t h e  .-'AA by t h e  
nzanufact.urer was n e c e s s a r y  and no s u b s t a n t i a t i n g  and 
d e s c r i p t 2 v e  d a t a  were r e q u i r e d . "  

Under t h e s e  c i r c u a s t a n c e s  t h e  s p i n d l e s  cont inued t o  be con- 
s i d e r e d  as u n l l a i t e d  l i f e  i t e m s .  Although i t  Is quLte p o s s l b l e  
t h a t  t h e  FAA may have accep ted  a S l k o r s k y  p roposa l  i n d i c a t l n g  
t h e  rework would n o t  a p p r e c i a b l y  a f f e c t  t h e  s e r v i c e  l i f e  of t h e  
s p i n d l e ,  t h e  recornmendation p o i n t e d  o u t  t h a t  t h e  F A A  should  
have been made aware of a change t o  such a c r i t l c a :  p a r t .  

Accordingly,  t h e  l e t t e r  o f  r e c o m ~ e n d a ~ i o n  concluded: 

". . . t h e  S a f e t y  Board recommends a r e - e v a l u a t i o n  
of t h e  FAA p rocedures  and c r i t e r i a  invo lved  i n  ca r ry i f ig  
o u t  t h e  I n t e n t  of FAR P a r t  21, Subpar t  D (changss  t o  t y p e  
c e r t i f i c a t e s j .  The procedures  and c r i t e r i a  should  i n s u r e  
t h a t  a l l  changes a f f e c t i n g  a p a r t  c r i t i c a l  t o  t h e  s a f e  
o p e r a t i o n  o f  t h e  a i r c r a f t  come %o t h e  a t t e n t i o n  of  t h e  
a g p r o p r i a t e  FAA i n s p e c t o r  s o  t h a t  p roper  a c t i o i i  may be 
t aken .  " 

The r e p l y  to  t h i s  recornrcendation w s s  r e c e i v e d  from t h e  
FAA on March 26, 1569, and s t a t e 3  i n  p a r t :  

'Subsequent t o  t h e  a c c i d e n t ,  we reviewed t h e  procedures  
and c r i t e r i a  i n t e r n a l l y  and w i t h  t h e  n a n u f a c t ~ r e r s .  I t  
i s  o u r  o p i n i o n  t h a t ,  when p r o p e r l y  fo l lowcd,  t h e  r e q u i r e -  
ments w i l l  assure t h a t  an  e p p r o p ~ i a t e  e v a l u a t i o n  I s  m d e  
of  any changes t o  ty+  decign. However, w e  have r e q u e s t e d  
t h a t  o u r  r e g i o n s  review t h e  p rocedures  used by t h e  manu- 
f a c t u r e r s ,  o p e r a t c r s ,  r e p a i r  s t a t i o n s ,  and t h e  FAA i n  
c a t e g o r i z i n g  and e v a l u a t i n g  major  and minor r e p a i r s  and 
desLgn chanses ,  and recommend a n y  changes needed in pro- 
cedures .  

A s  a r e s u l t  o f  a. q u a l i t y  a s s u r a n c e  a u d i t  i n  Zanuary 1968, 
t h e  S i k o r s k y  Q ~ ~ a l l t y  Cont ro l  Manual 1101 w a s  r e v i s e d  t o  
make it clear t h a t  any Materials Review Board (MRB) 



dispos i t ion  i n  which the re  Is any doubt t h a t  t h e  non- 
confcrming production p a r t  involves o ther  than a minor 
c h a ~ g e  m ~ s t  be r e f e r r e d  t o  FAA Engineering f o r  evalua- 
t ion .  MR8 d i spos i t ions  a r e  spot  checked by the  FAA t o  
determine whether FAA approval has been obtained f o r  
majcr. changes. in addi t ion,  we have reviewed w i t h  
Sikorsky r e p a i r  s t a t i o n  personnel the  c r i t e r i a  f o r  
categorizing r e p a i r s  a s  major o r  minor and procedures 
f o r  eva lua tmg these  r e p a i r s .  They have i n s t i t u t e d  
procedures t o  Insure  t h a t  Sikorsky E n ~ i n e e r I n ~  cont inues 
t o  evaluate i n s t r u c t i o n s  f o r  a l l  Fepairs  processed through 
t h e l r  r e p a i r  s t a t i o n .  " 

JOHN H .  REED 
Chairman 

OSCAR M. LAUREL 
Member 

FRANCIS H. McADAMS - 
Member 

LOUIS  M. THAYER - 
Member 



APPENDIX A 

Crew Information 

Captain Kenneth L. Waggoner, aged 32, held airline transport 
pifot certificate No. 1486141 with rattngs in rotocraft- 
hellcopter, S-55 ( V ~ R  only), S-51L (unrestricted) and commercial 
grivileges airplane multl-engine land, S-58, and instruments. 
He had accumulated 5,877:23 total flying hours, of w:llch 
4,300:27 hours were in the S-61~. He satisfactorily completed 
IFR and VFR proficiency checks on February 15, 1968, and March 8, 
1968, respectively. His last FAA first-class medical certificate 
was Issued July lo, 1968, wit;? no lirnitations. 

Copilot F. Charles Prac~er, ;r., aged 27, hela c~~~merclal 
pilot certificate No. 1628290 with ratlngs in rotorcraft- 
helicoyter, V-107 I1 and instruments. He had accumulated 
1,661:18 total flying hours, of which 634:18 hours were in the 
~ 6 1 ~ .  He satisfactorily conpleted his last proficiency check 
on May 22, 1968. His FAA first-class medical certificate was 
issued on August 1, 1968, with no limitations. 

Flight Attmdant, James A.  Black, aged 30, was employed by 
LAA on May 2, 1958, and had served on S-61~ aircraft since 
March, i962, when they were first placed In service with the 
company. His last check as a flight atten nt was satisfactorily 
completed on March 6, 1968. 



Aircraft Information 

N300Y, a Sikorsky S-61~ helicopter, serial No. 61031 was 
the prototype for the ~ - 6 1 ~ ,  and had accumulated 11,863.64 
t a t a l  flying hours prior tb> the day of the accident. It is 
estlinated that approximately 3.17 hours were flown on August 14, 
1968. The aircraft was equipped with t w ~  General Electric 
~~58-140-1 turboshaft engines installed as follows: 

Position Time Since Overhaul Total Time 

No. 1 280-131~~ 1,231: 52 5,762:49 

The aircraft was serviced with 1,000 pounds of J P - 4  fuel 
and had a takeoff gross weight of 17,185 pounds, which was 
below the  maxim^ allowable takeoff weight of 19,000 pounds. 
The computed center of gravity at the the of the accident 
was 260.111 inches from datum, whlch is 267.4 inches forward 
of the main rotor hub centerline. The allowable limits are 
from 256.0 to 278.7 for a gross weight of 17,000 pounds. The 
estimated gross weight at the time of the accident was 17,118 
pounds. 



APPENDIX C 

Investigaticn and Hearing 

i. Investigation 

The Board received notification of the accident at 
approximately 1100 on August 14, 1968 from the Federal 
Avlatlon A&ninistratlon. Pn investigating team was im- 
mediately dispatched to the scene of the accident. Work- 
ing groups were established for operations, witnesses, 
human factors, structures. systems, powerplants and main- 
tenance records. Icterested parties included the Federal 
Aviation Administration, Los Angeles Airways, Inc., Sikorsky 
Aircraft, Air Line Pilots Association, and General Electric. 
The on-scene ir~vestigation was completed on August 24, 1968. 

2. Hearing 

A public hearing was held at Marina Del Rey, California 
cn December 11-12, 1968. Parties to the Investigation in- 
cluded the Federal Aviation Administration, Los Angeles ALr- 
ways, Inc., Slkorsky Aircraft, and the Air Line Pilots Asso- 
ciation. 

3. Preliminary Reports 

A s ry of the testimony which was taken at the public 
hearing was published by the Board on Jar'uary 16, 1969. 



A T T A C H M E K T  I 
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