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PREFACE 

The SMP-activit y o n 'Factor s o f  Safety '  wa s starte d a s earl y 
as Fal l  197 6 a s a n informa l  ad-hoc-group .  A t  th e Fal l  197 6 an d th e 
tw o subsequen t  Panel-Meetings ,  thre e pilo t  paper s wer e delivered , 
namel y b y 

H.  Struc k fro m VFW,  German y o n 
'Factor s o f  Safety ,  Limi t  Loa d Concept-Maximu m 
Load Concept ' 

W.G.  Heat h fro m Britis h Aerospace ,  Unite d Kingdo m o n 
'Factor s o f  Safet y -  Shoul d the y b e reduced? ' 

C.J .  Schmi d an d G.E .  Mulle r  fro m AFFDL ,  Unite d State s o n 
'Factor s o f  Safet y -  USAF Desig n Practice ' 

Thes e thre e paper s wer e subsequentl y publishe d unde r  on e cove r 
as AGARD Repor t  No .  661 .  Factor s o f  Safet y Historica l  Development , 
Stat e o f  th e Ar t  an d Futur e Outlook . 

Afte r  livel y an d intensiv e discussion s o n thes e pilo t  paper s 
a Sub-Committe e wa s formed ,  whic h decide d durin g th e Fal l  197 7 
Panel  Meetin g tha t  i t  woul d no t  b e worthwhil e -  fo r  th e tim e bein g -
t o tak e an y actio n toward s changin g th e presen t  concep t  o f  factor s 
of  safety ,  bu t  t o establis h a  questionnair e t o b e sen t  t o th e militar y 
and civi l  airworthines s authoritie s o f  th e NATO Member-Nations , 
askin g fo r  al l  factor s o f  safet y t o b e define d i n th e for m o f  numerica l 
values .  Messrs .  H .  Struc k an d C.J .  Schmi d wer e nominate d a s Coordinator s 
fo r  Europ e an d Nort h Americ a respectively . 

By Fal l  197 8 th e questionnair e ha d bee n finalize d an d sen t  ou t 
t o 2 1 militar y an d civi l  authorities ,  enablin g preliminar y answer s t o 
be discussed . 

By Sprin g 1980 ,  1 8 o f  th e authoritie s addresse d ha d answere d th e 
questionnaire ,  bu t  a s som e majo r  civi l  authoritie s di d no t  respond , 
al l  answer s fro m civi l  authoritie s ha d t o b e exclude d fro m furthe r 
consideration .  Afte r  Sprin g 1979 ,  th e tw o Coordinator s drafte d severa l 
version s o f  collecte d answers ,  arrangin g the m i n th e sam e orde r  a s 
th e questionnaire . 

Durin g th e summer  o f  198 0 th e Coordinator s ha d persona l  dis -
cussion s wit h nominate d representative s o f  th e majo r  militar y air -
worthines s authoritie s i n orde r  t o clarif y th e answer s an d t o avoi d 
possibl e misinterpretations . 

For  th e Fal l  198 0 SMP-Meetin g th e Sub-Committe e invite d re -
presentative s o f  th e militar y airworthines s authoritie s t o participat e 
i n a  roun d tabl e discussio n i n orde r  t o provid e furthe r  clarificatio n 
of  th e answer s befor e publishing . 

The fina l  collectio n o f  answer s t o th e questionnair e containe d 
i n thi s repor t  include s th e result s o f  th e persona l  discussion s 
mentione d abov e a s wel l  a s th e outcom e o f  th e roun d tabl e discussion . 

For  reason s o f  completenes s a  summar y o f  th e roun d tabl e dis -
cussio n i s provide d a t  th e en d o f  thi s report ,  indicatin g thos e 
takin g par t  a s representative s o f  th e militar y authorities . 

Hel p an d guidanc e o f  al l  contributor s t o thi s repor t  i s  highl y 
appreciated ,  especiall y th e kin d assistanc e o f  th e authoritie s 
and thei r  representative s an d th e heav y workloa d o f  th e tw o coordinator s 

R.J .  MEYER-JENS 

Chairman ,  Sub-Committe e 

on Factor s o f  Safet y 
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FACTORS OF SAFETY RELATED T O STRUCTURAL INTEGRIT Y 

A Revie w o f  Dat a fro m Militar y Airworthines s Authoritie s 

SUMMARY 

The concep t  o f  structura l  safet y a s presentl y applie d b y th e militar y airworthines s 
authoritie s o f  th e mai n NATO-Member-Countrie s ha s prove n satisfactory ,  thoug h bein g fa r 
fro m havin g a  rationa l  basis . 

Befor e thi s background ,  a  Sub-Committe e o f  SMP establishe d a  Questionnair e (se e 
chapte r  1 ) ,  askin g th e militar y authoritie s fo r  al l  numerica l  factor s applie d t o 
ensur e structura l  safet y o f  aircraft .  Th e answer s give n ar e condense d i n chapte r  2 
of  thi s report ,  includin g th e result s o f  persona l  discussion s betwee n coordinator s 
and nominate d representative s o f  th e authorities .  Th e preci s o f  th e roun d tabl e discussio n 
as wel l  a s a n evaluatio n o f  answer s an d discussio n ar e include d fo r  reason s o f  completenes s 

Fro m th e evaluatio n i t  may b e conclude d tha t  ther e exist s a  considerabl e amoun t  o f 
agreemen t  wit h respec t  t o th e Factor s o f  Safet y an d thei r  application .  O n th e othe r  hand , 
some disagreement s an d differen t  interpretation s hav e resulted .  Thu s thi s repor t  form s 
a basi s fo r  discussin g th e disagreement s i n orde r  t o achiev e a  highe r  degre e o f  conformit y 
betwee n th e authoritie s o f  th e NATO-Countrie s wit h regar d t o structura l  safet y an d 
reliability . 

1. 0 QUESTIONNAIRE ON FACTORS OF SAFETY 

Durin g th e 46t h SMP-Meeting ,  Sprin g 1978 ,  th e tw o coordinator s presente d a  firs t 
draf t  o f  th e Questionnair e whic h wa s discusse d i n detai l  b y th e Sub-Committee .  Th e fina l 
versio n o f  th e Questionnair e a s lai d dow n i n th e followin g paragraph s wa s distribute d 
t o th e airworthines s authoritie s throug h cove r  lette r  date d 15t h Nov .  197 8 (se e 1.4) . 

1. 1 Introductio n 

The progres s mad e wit h respec t  t o determinatio n o f  aerodynami c derivatives ,  loads , 
stresse s an d deformatio n durin g th e las t  decade s togethe r  wit h th e fac t  tha t  ther e exist s 
a lac k o f  rationa l  basi s fo r  th e Factor s o f  Safet y Concep t  presentl y applie d t o th e 
desig n o f  airvehicles ,  brough t  abou t  a  discussio n o f  changin g th e structura l  safet y 
concep t  an d th e factor s involve d withi n AGARD-SMP som e thre e year s ago . 

To condens e thes e discussion s AGARD-SMP forme d a n a d ho c grou p o f  Pane l  Member s an d 
late r  a  Sub-Committee .  I n Fal l  197 7 thre e pilo t  paper s containe d i n AGARD-Repor t  No .  66 1 
"Factor s o f  Safety"addresse d th e differen t  aspect s t o b e envisaged ,  an d showe d u p incon -
sistencie s o f  th e presen t  concep t  a s wel l  a s mean s an d method s fo r  permissibl e change s an d 
example s o f  th e outcome . 

The resul t  o f  th e discussion s followin g thes e presentation s befor e th e Sub-Committe e 
was,  tha t  i t  woul d no t  b e appropriat e a t  th e presen t  tim e t o chang e th e concept ,  bu t  i t 
was foun d worthwhil e t o hav e a  collectio n an d evaluatio n o f  al l  thos e factor s concernin g 
structura l  safety .  A s fa r  a s possibl e thi s collectio n shoul d includ e th e philosophie s 
whic h bac k u p th e applicatio n o f  thes e factor s an d a n indicatio n o f  whethe r  an y chang e 
i s contemplate d o r  not . 

The Sub-Committe e foun d i t  mos t  suitabl e t o collec t  al l  pertinen t  dat a an d bac k u p 
informatio n b y th e mean s o f  a  questionnaire ,  whic h ha s bee n drafte d b y tw o coordinator s 
(on e fo r  Nort h America ,  on e fo r  Europe )  an d reviewe d b y th e member s o f  th e Sub-Committee . 

Thi s questionnair e i s distribute d t o th e addresse d Airworthines s Authoritie s o f  th e 
NATO-Nation s wit h a  reques t  fo r  cooperation.Th e replie s t o th e questionnair e wil l  b e 
summarize d an d evaluate d b y th e coordinator s fo r  presentatio n befor e th e Sub-Committee . 

Dependin g o n th e outcome s o f  reviewin g th e collecte d dat a th e presentl y applie d 
concep t  o f  Factor s o f  Safet y may b e re-thought . 



1. 2 Ho w t o us e th e Factor s o f  Safet y Questionnair e 

1.  Please ,  us e separat e questionnair e sheet s fo r  militar y an d civi l  aircraf t 

2.  Th e responde r  t o th e questionnair e i s aske d t o identif y th e categor y an d 
typ e o f  aircraf t  h e i s reportin g o n an d th e regulatio n and/o r  specia l 
certificatio n applied . 

Ar m o f  Service :  o  ^i r  Forc e 
o Arm y 
o Nav y 
o Civi l  Authorit y 

Militar y Category :  o  manne d fixe d win g aircraf t 
o manne d variabl e geometr y aircraf t 
o manne d rotar y win g aircraf t 
o remotel y pilote d vehicl e 
o ai r  t o ai r  missile s 
o ai r  t o surfac e missile s 
o manne d researc h aircraf t 
o spac e vehicle s -  manne d 

-  unmanne d 

Civi l  Category :  o  norma l 
o utilit y 
o aerobati c 
o transpor t 
o norma l  rotorcraf t 
o transpor t  rotorcraf t 

Militar y Specification s Civi l  Regulation s 

o MIL-A-886 0 Serie s o  FAR-Par t  2 3 
o AI R 2004/ D o  FAR-Par t  2 5 
o Av.P .  97 0 o  FAR-Par t  2 7 
o MIL-S-869 8 o  FAR-Par t  2 9 
°  AR-5 6 o  BCAR,  Sectio n X 

o AI R 205 2 

Please ,  specif y i f  an y othe r  specification s hav e been/o r  ar e applied . 

Specia l  Certificatio n 

o Specia l  condition s fo r  a n aircraf t 

o Particula r  certificatio n o f  nationa l  authorit y 

e -9 -  -  F - 4 ,  Ai r  Force ,  manne d fixe d win g a/c ,  MIL-A-886 0 
-  F2 8 ,  transpor t  categor y a/c ,  FAR-Par t  2 5 an d Dutc h RLD-document : 

Airworthines s requiremen t  fo r  typ e certificatio n o f  Fokke r  F2 8 
(Marc h 1967 )  §  1 7 (3) . 

1. 3 Factor s o f  Safet y Questionnair e 

A.  Factor s o f  Safet y -  Structura l  Aspect s 

A. 1 Wher e ar e th e require d Factor s o f  Safet y defined ? 

Aircraf t  Specification s 
Militar y o r  Civi l  Regulation s 
Specia l  Certificatio n Document s 

pleas e specif y i f  define d otherwise . 

A. 2 What  i s th e relatio n o f  desig n condition s t o th e extrem e 
(highes t  o r  lowes t  values )  operationa l  conditions ? 

For  exampl e quot e loa d factors ,  speed s an d load s o n whic h th e factor s ar e 
t o b e applie d 

Aircraf t  wit h conventiona l  control s 
Aircraf t  wit h activ e control s 

A. 3 I s th e Facto r  o f  Safet y intende d t o cover : 

uncertaintie s i n loads ? 
inaccuracie s i n structura l  analysis ? 
deterioratio n i n service ? 



o D o yo u us e Factor s o f  Safet y tha t  diffe r  betwee n stres s analysi s 
and structura l  test s o n th e sam e item ? 

-  materia l  an d productio n variability ? e .  g . 

o allowabl e valu e o f  materia l  strengt h ("A" -  o r  "B"-values ) 
o factor s o n castings ,  forgings ,  glass ,  plastics ,  etc . 
o allowanc e fo r  manufacturin g tolerance s (specifie d o n drawings ) 

Please ,  provid e a  brie f  narrativ e answe r  t o eac h o f  th e point s abov e an d 
provid e additiona l  consideration s whic h may b e important . 

A. 4 D o yo u appl y additiona l  factor s t o cove r  dynami c effect s i n lie u o f  rationa l 
analysis ? e .  g . 

Dynami c Respons e (gust ,  groun d loads ,  stor e ejection ,  gu n firing ,  fue l 
sloshing ,  etc. ) 
Vibratio n 
Buffetin g 

-  Stal l 
-  Flutte r 

I n wha t  manne r  d o yo u us e suc h additiona l  factors ? 

A. 5 D o yo u appl y specia l  Factor s o f  Safet y differen t  fro m thos e fo r  norma l 
operationa l  condition s t o cove r  rar e events ? e .  g . 

Failur e durin g operatio n (failur e o f  contro l  system,stabilit y  an d 
augmentatio n devices ,  engin e failure ,  etc. ) 
Emergenc y landin g condition s 
Fai l  saf e condition s (reduce d strengt h du e t o partia l  failure ) 
Battl e damag e condition s 
Hammershock ,  engin e surg e o r  compresso r  stal l 

Please ,  provid e a  brie f  narrativ e answe r  t o eac h o f  th e point s above ,  an d 
identif y consideration s whic h may b e important ,  e .  g . 

definitio n o f  th e strengt h dependin g o n th e failur e probability . 

For  wha t  othe r  conditons ,  i f  any ,  woul d a  reduce d Facto r  o f  Safet y b e 
use d (groun d loads ,  gus t  loads ,  etc.) ? 

A. 6 I n wha t  wa y woul d th e aspect s o f  damag e toleranc e (fatigue ,  fractur e mechanics ) 
influenc e th e Facto r  o f  Safety ? 

A. 7 D o yo u appl y differen t  Factor s o f  Safet y fo r  th e followin g type s o f  loa d 
cases : 

case s wher e th e desig n loa d leve l  i s  define d o n th e basi s o f  experience , 
rathe r  tha n a s state d i n applicabl e regulations ? 
case s wher e th e aircraf t  i s  incapabl e o f  producin g operationa l  load s i n 
exces s o f  prescribe d loa d levels ,  o r  wher e operationa l  load s ar e limite d 
by reliabl e means ? 

A. 8 What  i s th e relationshi p betwee n operationa l  spee d an d desig n speed ? 

Please ,  giv e th e case s an d th e reason s fo r  th e applications . 

A. 9 Ho w d o yo u appl y factor s fo r  temperatur e effects ? e .  g . 

applyin g a n additiona l  facto r  o n th e operationa l  valu e o f 

o th e temperatur e 
o th e temperatur e rat e 
o th e temperatur e difference s 

-  reducin g th e strengt h valu e o f  th e materia l  dependin g o n th e temperature-time -
histor y t o b e envisaged . 

A.1 0 D o yo u appl y specia l  factor s o n prototyp e o r  experimenta l  vehicles ? 

I f  yes ,  pleas e giv e valu e an d brie f  explanation . 

A.1 1 Ar e specia l  factor s applie d t o th e desig n o f  th e inle t  an d th e engin e 
ti e dow n points ? 



B.  Non-structura l  Aspect s 

B. 1 Ar e ther e othe r  consideration s tha t  cove r  airworthines s an d fligh t  safet y 
as a  whol e tha t  ar e no t  involve d i n Sectio n A ? 

C.  Revie w an d Futur e Outloo k 

C.1 D o yo u believ e tha t  th e present-da y Factor s o f  Safet y Concep t  -  a s expande d 
i n Sectio n A  -  i s satisfactory ? 

I f  yes ,  pleas e giv e a  brie f  explanation . 
I f  no ,  wha t  change s woul d yo u propose ? 

C. 2 Regardin g Factor s o f  Safety ,  i n whic h are a i s furthe r  theoretica l  o r 
experimenta l  researc h -  followin g you r  ow n opinio n -  neede d t o clarif y 
uncertainties ? 

C. 3 T o wha t  exten t  shoul d w e chang e th e presen t  -  largel y deterministi c -
approac h t o a  probabilit y  approach ? e .  g . 

load s derive d fro m PSD-methods . 
load s derive d fro m extrem e values . 

1. 4 Lette r  t o th e Airworthines s Authoritie s incl .  Distributo r 

Distributor : 
See Attachmen t  1 

Bremen,  de n 15t h Nov .  197 8 

Concern :  AGARD-Structure s an d Materia l  Pane l  (SMP ) 
Sub-Committe e SC14/TX.77-Factor s o f  Safet y 
Questionnair e o n Factor s o f  Safet y 

Reference :  Lette r  b y Prof .  Dr.-Ing .  R.J .  Meyer-Jens , 
Chairma n o f  SMP-S C 14 ,  date d 1 1 Octobe r  197 8 

Gentlemen , 

wit h thi s lette r  w e presen t  t o yo u th e Questionnair e o n Factor s o f  Safety ,  whic h 
has bee n prepare d b y th e abov e mentione d Sub-Committe e o f  AGARD-Structure s an d 
Material s Pane l  i n orde r  t o ge t  a  collectio n o f  al l  thos e differen t  factor s 
concernin g structura l  safet y o f  aircraft . 

The collectio n shoul d includ e th e numerica l  value s o f  th e factors ,  th e document s 
on whic h i t  i s  base d (regulatio n etc. )  an d th e wa y o f  application . 

On behal f  o f  th e Sub-Committe e w e no w as k fo r  you r  kin d cooperatio n i n answerin g 
as thoroughl y a s possibl e th e Questionnaire ,  whic h consist s o f  thre e parts : 

Par t  A  Factor s o n structura l  aspect s 
Par t  B  Factor s o n non-structura l  aspect s 
Par t  C  Revie w an d futur e outloo k 

Al l  Factor s o f  Safet y concernin g structura l  aspect s whic h hav e bee n applie d o n 
present-da y aircraf t  includin g prototype s ar e t o b e describe d i n Par t  A . 

I n par t  B  othe r  factor s applie d coverin g airworthines s an d fligh t  safet y shoul d 
be mentioned . 

A revie w o f  th e present-da y Factor s o f  Safet y Concep t  an d th e possibilitie s t o 
chang e th e concep t  i s requeste d i n Par t  C . 

We ar e full y  awar e o f  th e fact ,  tha t  i t  wil l  b e difficul t  i n som e case s t o answe r 
th e question s liste d i n th e Questionnair e i n shor t  terms . 

I n suc h case s i t  woul d b e helpfu l  t o enclos e som e additiona l  verba l  backgroun d in -
formatio n and/o r  b y mean s o f  paper s concernin g th e specia l  circumstance s (conditions ] 

We woul d greatl y appreciat e receivin g you r  answe r  b y th e en d o f  Februar y 1979 ,  s o 
tha t  w e wil l  b e abl e t o giv e a  firs t  presentatio n o f  th e collecte d dat a befor e 
th e Sub-Committe e durin g th e Meetin g o f  SMP i n th e firs t  wee k o f  Apri l  1979 . 

Wit h man y thank s i n advanc e fo r  you r  willingnes s t o cooperat e i n thi s activit y 
and you r  readines s t o writ e th e answe r  beside s you r  dail y workload . 

Your s sincerel y 

(Hors t  Struck ) 

Enclosures :  -  Questionnair e o n "Factor s o f  Safety " 

Attachmen t  1 



Attachmen t  1 

Distributor : 

1.  Belgium : 

Majo r  Fournie r 
Sta f  va n d e Luchtmach t 
Kwartie r  Koningi n Elisabet h 
Everestra t 
1140 Bruessel ,  Belgiu m 

Canada: 

Brig.Gen .  P .  Charlto n 
Directo r  Genera l  Aerospac e 
Engineerin g an d Maintenanc e 
Nationa l  Defenc e Headquarter s 
Ottawa ,  Ontari o K1 A OK2 
Canada 

To b e contacte d via : 

Mr.  J .  A .  Dunsb y 
Head Structure s &  Material s Lab . 
Nationa l  Aeronautica l  Establishmen t 
Ottawa ,  Ontari o 
Canada 

3.  France : Germany: 

Ingenieu r  e n Che f  d e 1'Armemen t 
Leblan c 
Chef  d e l a Sectio n Etude s Generale s 
Servic e Techniqu e d e 1'Aeronautiqu e 
4,  Avenu e d e l a Port e d'Iss y 
7599 6 Pari s Armee s 
Franc e 

Dr.-Ing .  A .  Habe l 
Bundesamt  fu r  Wehrtechni k 
und Beschaffun g 
-Musterpriifstell e fu r  Luftfahrt -
gerat -  BWB-ML 
Landshute r  Alle e 162 a 
8000 Miinche n 1 9 
Germany 

Italy : 

F.Col .  P .  Marcon i 
Minister o dell a Difes a 
DGCAAAS -  1 °  Repart o 
2 °  Division e 
Vial e Dell '  Universit a 
0018 5 Roma 
Ital y 

Netherlands : 

Directi e Materiee l  Koninklijk e 
Luchtmach t 
Prin s Clau s Laa n 8 
2595 A J 's-Gravenhag e 
Netherland s 

Directi e Materiee l  Koninklijk e 
Marin e 
Van Speykstraa t  5 2 
2518 GD-  's-Gravenhag e 
Netherland s 

7.  Norway : 

Mr.  G.  Haakensta d 
Royal  Norwegia n Ai r  Forc e 
Materia l  Command 
P.O.  Bo x 1 0 
N-200 7 Kjelle r 
Norway 

8.  Unite d Kingdom : 

Mr.  E .  L .  Riple y 
Head Airworthines s Divisio n 
Royal  Aircraf t  Establishmen t 
Farnborough ,  Hant s GU 1 4 6T D 
Unite d Kingdo m 

Unite d States : 

Ai r  Forc e Fligh t  Dynamic s Laborator y 
Attn. :  Clemen t  J .  Schmid ,  AFFDL/FB E 
Wright-Patterso n AFB , 
Ohi o 4543 3 
USA 

10 Sweden: 

Saab-Scani a 
Aerospac e Disiio n 
Attn. :  Dr .  Lar s Jarfal l 
Stres s R & D ,  Aircraf t  Secto r 
5818 8 Linkopin g 
Sweden 

Commander 

U.S-Arm y Aviatio n R&D Command 
Attn. :  Rober t  Wolfe ,  DRDAV-EQA 
P.O.  Bo x 20 9 
St .  Louis ,  MO 6  316 6 
USA 

Naval  Ai r  System s Command 
Attn. :  E.M .  Rya n AIR-51 0 
Washingto n D.C .  2036 1 





2.  ANSWERS T O TH E QUESTIONNAIRE 

The answer s t o th e Questionnair e presente d i n 
thi s chapte r  hav e bee n prepare d b y Hors t  Struck , 
coordinato r  fo r  Europ e assiste d b y Clemen t  J .  Schmid , 
coordinato r  fo r  North-America .  Th e fina l  versio n ha s 
bee n reviewe d an d complete d throug h discussion s wit h 
th e representative s o f  th e authoritie s an d th e member s 
of  th e Sub-Committee . 

AUTHORITIES CONCERNED 

FRANCE :  SERVIC E TECHNIQUE AERONAUTIQUE CSTAE' ) 
MR.  M.  SANCHO 

GERMANY :  BUNDESAMT FUER WEHRTECHNIK (BWB-ML ) 
UND BESCHAFFUNG 
DR.ING .  A .  HABEL /  MR.  M.  HACKLINGER 

UNITED :  ROYAL AIRCRAF T ESTABLISHMENT (RAE ) 
KINGDOM MR.  P.R .  GUYETT 

ITAL Y :  MINISTER O DELL A DIFES A 
COL.P.  MARCONI 

USAF :  FLIGH T DYNAMICS LABORATORY 
MR.  K.I .  COLLIE R 

US-ARMY :  AVIATIO N R & D COMMAND 
MR.  D .  SCHRAGE 

SWEDEN 5  SAA B -  SCANIA ,  STRESS R & D 
DR.  L .  JARFAL L 



S U R V E Y T O T H E A N S W E R S A N D T H E R E V I S I O N S G I V E N 

T O T H E Q U E S T I O N N A I R E O N F A C T O R S O F S A F E T Y 

NATION 
AUTHORITY 

FRANCE 

SERVICE TECHNIQUE 
AERONAUTIQUE 

GERMANY 

BWB-ML /  BUNDESAMT 
FUER WEHRTECHNIK 

ITAL Y 

MINISTERO DELL A 
DIFESA 

UNITED KINGDOM 

RAE/ROYAL AIRCRAFT 
ESTABLISHMENT 

UNITED STATES 

AI R FORCE 

UNITED STATES 

ARMY,  H Q 
AVIATIO N 

SWEDEN 

SAAB -  SCANI A 
AI R FORCE 

REPLY T O 
QUESTIONS 

TITE L OF 
PRESENTATION 

BY LETTE R 
OF 27.2.7 9 

BY LETTE R 
OF 20.2.7 9 

BY LETTE R 
OF 27.6.7 9 

BY LETTE R 
OF 05.9.7 9 

49TH.  MTG. 
15.10.7 9 

BY LETTE R 
OF 13.3.7 9 

BY LETTE R 
OF 21.12.7 9 

ANSWERS 
1 S T 

PRESENTATION 

FIRST 
EVALUATION 

48TH MTG. 

48TH MTG. 

49TH MTG. 

49TH MTG. 

50TH MTG. 

49TH MTG. 

50TH MTG. 

REVIEWED 

1.  ISSU E 

REVIEWED 
EVALUATION 
1.  ISSU E 

51ST MTG. 

51ST MTG. 

14.10.80 . 

51ST MTG. 

ANSWERS 

2.  ISSU E 

REVIEHED 
EVALUATION 
2.  ISSU E 

NOV.  8 0 

NOV.  8 0 

NOV.  8 0 

51ST MTG. 

51ST MTG. 

51ST MTG. 

AGARD 
R -  67 7 

FINAL 
EVALUATION 

52ND MTG. 
BY LETTE R 
OF 5.2.8 1 

52ND MTG. 

BY TELE X 

27.4.8 1 

52ND MTG. 
BY LETTE R 
OF 14.1.81 . 

52ND MTG. 
BY LETTE R 
OF 15.1.8 1 

52ND MTG. 
BY LETTE R 
OF 15.1.8 1 

52ND MTG. 
BY LETTE R 
OF 2.2.8 1 

F I R S T COMPLETE PRESENTATION OF ANSWERS / F I R S T E V A L U A T I O N : 

F i r s t e v a l u a t i o n h a s b e e n d e r i v e d f r o m a n s w e r s g i v e n by l e t t e r o f 
t h e a u t h o r i t i e s . 

REVIEWED ANSWERS / REVIEWED E V A L U A T I O N : 

. 1 s t i s s u e 
Reviewe d an d complete d throug h discussion s wit h th e representative s 
of  th e authoritie s an d th e coordinator . 

.  2n d i  ssu e 
Include s th e result s an d comment s o f  th e round-table-discussio n i n 
th e Sub-Committee . 

AGARD-R-677 /  FINA L EVALUATION: 

Revise d b y comment s resultin g fro m circulatio n o f  th e reviewe d 
evaluatio n 2n d issu e an d th e summar y o f  th e round-table-discussio n 
t o th e representative s o f  th e authoritie s an d th e member s o f  th e 
Sub-Comm i  ttee . 



A.  F A C T O R S O F S A F E T Y - S T R U C T U R A L A S P E C T S 

A. l W H E RE A R E T H E R E Q U I R E D F.O.S .  D E F I N E D ? 

a)  A/ C S P E C I F I C A T I O N 

b) R E G U L A T I O N 

c) S P E C I A L C E R T I F I C A T I O N D O C U M E N TS 

d ) O T H E R W I S E 

FRANCE 
AIR FORCE 
MANNED FIXE D WIN G A/ C 

GERMANY 
AI R FORCE/ARMY/NAVY 
MANNED FIXED / 
VARIABLE*GEOMETRY,A/C 

MANNED ROTARY WIN G A/ C 

REMOTELY PILOTE D 
VEHICLE 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

1) 

a,c)Th e regulation s an d th e deviation s t o b e applie d fo r 
an aircraf t  ar e state d i n th e A/C-Specification .  Th e 
F.O.S .  itsel f  i s  state d i n th e regulation . 

b)  -  Fo r  Mirag e 200 0 :  AI R 2004/ D fo r  groun d load s 
AI R 2004/ E fo r  fligh t  load s 

-  Fo r  futur e aircraft :  AI R 2004/ E wil l  b e applie d als o 
fo r  groun d load s 

-  Civi l  regulation s a s FA R 23 ,  2 5 may b e applie d i n 
accordanc e wit h th e authority . 

Manned Fixed/Variabl e 
Geometr y A/ C 

a)  A/ C Specificatio n 

b)  MIL-A-886 0 series , 
AI R 2004/ D 
FAR Par t  2 3 

25 

c )  e.g.Tornado : 
Ai r  Vehicl e 
Spec i  f i  cat i  o n 
(AVS) 

Manned Rotar y 
Wing A/ C 

A/ C Specificatio n 

MIL-A-886 0 serie s 
MIL-S-869 8 
AI R 2004/ D 
Av.P.97 0 
FAR Par t  2 7 u .  2 9 
BCAR 
AI R 205 2 

SD-24H.  vol .  I I 

Typ e Specificatio n 

Remotel y Pilote d 
Vehicl e 

A/ C Specificatio n 

MIL-A-886 0 serie s 
wit h deviat i  o n 

MI  L-M-885 6 

OSTIV 
Ai  rworth i  nes s 
Requirement s fo r 
sai l  plane s 

FAR Par t  2 3 wit h 
deviat i  on s 

Lastenhef t 

a)  A/ C Specificatio n 

b)  Internationa l  regulation s ma y b e applie d whe n state d 
i n th e A/ C Specificatio n 
-  MIL-A-886 0 serie s 
-  MIL-S-869 8 
-  AI R 2004/ D 
-  Civi l  regulation s 

c )  An y specia l  certificatio n requirement s woul d b e state d 
i n th e A/ C Specificatio n 

d)  Deviatio n fro m MIL-Specification ,  whe n considere d 
necessary ,  ar e qualifie d an d quantifie d i n th e A/ C 
Specification . 

1)  Fo r  Manne d Rotar y Win g A/ C th e sam e criteri a wil l  b e applie d a s 
fo r  Fixe d Win g A/C . 

continue d 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R AL A S P E C T S 

A. l W H E RE A R E T H E R E Q U I R E D F.O.S .  D E F I N E D ? 

a)  A/ C S P E C I F I C A T I O N 

b) R E G U L A T I O N 

c) S P E C I A L C E R T I F I C A T I O N D O C U M E N TS 

d) O T H E R H I S E 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

a)  A/ C Specificatio n 

UNITED STATES 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

b)  Desig n Requirements :  Av.P.97 0 an d associate d memorand . 

c)  An y specia l  certificatio n requirement s woul d b e state d 
i n th e A/ C Specification . 

d)  Militar y variant s o f  civi l  aircraf t  ar e normall y 
accepte d t o civi l  requirements . 

a)  Aircraf t  Specification s reflec t  F.O.S .  fro m 
regulation s (USA F Militar y Specifications) . 

UNITED STATES 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

b)  Fo r  USAF develope d aircraft ,  th e F.O.S .  ar e define d i n 
th e MIL-A-008860(USAF )  serie s specification s 
(regulations) .  Th e F.O.S .  ar e define d b y othe r  agenc y 
regulation s fo r  aircraf t  use d b y th e USAF bu t  develope d 
unde r  th e auspice s o f  othe r  agencies ,  e.g. ,  transport s 
and ligh t  aircraf t  applicabl e F.O.S .  ar e i n accordanc e 
wit h FA R Par t  2 5 an d FA R Par t  23 . 

c)  N/A . 

d)  N/A . 

a)  Syste m Specificatio n (SS ) 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED F I X E D WING A / C 

b ) P r i m e I t e m D e v e l o p m e n t S p e c i f i c a t i o n ( P I D S ) 
d e r i v e d f r o m : 
M I L - S - 8 6 9 0 
M I L - A - 0 0 8 8 7 0 
M I L - T - 5 9 5 5 
AVRADCOM ADS - 1 3 

d ) A i r w o r t h i n e s s Q u a l i f i c a t i o n S p e c i f i c a t i o n (AQS) 
d e r i v e d f r o m : 
AMCP 7 0 6 - 2 0 3 a n d M I L - T - 8 6 7 9 

a ) M i l i t a r y D e s i g n R e q u i r e m e n t s 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R A L A S P E C T S 

A . 2 W H A T I S T H E R E L A T I O N O F D E S I G N 

C O N D I T I O N S T O T H E E X T R E M E O P E R A T I O N A L 

C O N D I T I O N S ? 

FRANCE 
AIR FORCE 
MANNED FIXED WING A / C 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOHETRY A/ C 

The limi t  condition s correspon d t o th e maximu m operatin g 
conditions . 

Ther e i s n o margi n specifie d i n th e regulatio n bu t  th e 
operationa l  envelop e a s state d i n th e manua l  o f  th e 
aircraf t  ha s t o b e covere d b y th e desig n envelop e . 

No additiona l  requirement s fo r  aircraf t  wit h activ e 
control s ar e i n th e regulation .  A s ye t  th e existin g 
requirement s ar e considere d t o b e adequate . 

I n genera l  non e 
Loads :  I n specia l  case s wher e AI R 2004/ D Regulatio n i s 
relevant . 
Pressurizatio n :  Accordin g t o Regulatio n : 

MIL-A-008861 A 
AI R 2004/ D 

Ther e i s n o differen t  applicatio n betwee n conventiona l 
aircraf t  an d aircraf t  wit h activ e controls . 

The structura l  desig n condition s cove r  th e operationa l 
fligh t  envelop e a s define d b y MIL-F-8785 . 

When exceedin g i n servic e th e fligh t  envelop e limits , 
th e sam e MIL-Specificatio n give s som e guidanc e t o defin e 
check s t o b e performe d o n th e A/C . 

For  A/ C wit h activ e control s a s ye t  n o additiona l 
requirement s ar e defined . 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

Stati c 
Desig n load s (t o whic h th e desig n Proo f  an d Ultimat e 
factor s -  usuall y 1.12 5 an d 1.5 0 -  ar e applied )  ar e thos e 
whic h ar e expecte d t o occu r  onl y rarely . 
The associate d temperature s an d (fo r  composites )  moistur e 
uptake s ar e thos e mos t  likel y t o prevai l  whe n th e desig n 
load s ar e applied . 

Fatigu e 
Desig n load s ar e normall y thos e mos t  likel y t o b e 
experience d unde r  th e specifie d operatin g conditions . 
More sever e desig n condition s ar e use d whe n th e servic e 
usag e i s unmonitored . 

As ye t  ther e ar e n o additiona l  requirement s fo r  aircraf t 
wit h activ e controls .  Th e existin g requirement s ar e 
considere d t o b e adequate ,  i n principle ,  provide d car e i s 
take n t o ensur e tha t  al l  th e loadin g action s ar e know n an d 
understood . 

continue d 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R A L A S P E C T S 

A . 2 W H A T I S T H E R E L A T I O N O F D E S I G N 

C O N D I T I O N S T O T H E E X T R E M E O P E R A T I O N A L 

C O N D I T I O N S ? 

UNITED STATES 
AIR FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/C 

UNITED STATES 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SHEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

Limi t  loa d desig n condition s coul d b e exceede d durin g 
missio n an d pilo t  induce d extrem e operationa l  conditions . 
Regardin g environmenta l  desig n conditions ,  th e extremes , 
suc h a s larg e hai l  stones ,  thunderstorms ,  etc. ,  ar e no t 
normall y use d fo r  USAF aircraf t  desig n purposes .  Some 
lesse r  value s hav e bee n use d fo r  aircraf t  desig n purposes , 
sinc e extrem e condition s ar e avoide d i f  possible . 
No additiona l  requirement s fo r  aircraf t  wit h activ e 
control s ar e i n th e regulation .  A s ye t  th e existin g 
requirement s ar e considere d t o b e adequate . 

Extrem e operationa l  loa d factor s an d speed s ar e estimate d 
t o b e withi n 5 % t o 15 % o f  th e desig n conditions . 

Limi t  loa d facto r  doe s occu r  an d i s occasionall y exceeded . 
Speed limit s ar e chose n suc h tha t  th e probabilit y  o f  thei r 
exceedanc e i s low .  I n par t  o f  th e fligh t  envelope ,  rol l 
rat e i s limite d b y autopilo t  actio n an d load s determine d 
wit h thes e limite d rol l  rates .  I f  th e autopilo t  fail s  th e 
pilo t  get s a  warnin g an d ha s t o appl y restrictions . 
(I n al l  case s mentione d abov e th e norma l  F.O.S.=1. 5 i s 
applie d t o expecte d loads) . 

I n genera l  fatigu e desig n loa d spectr a ar e expecte d t o 
be exceede d b y 2 % o f  th e fleet . 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R AL A S P E C T S 

A. 3 I S T H E F.O.S .  I N T E N D E D T O C O V E R : 

E X C E E D A N C ES O F D E S I G N 

2.  U N C E R T A I N T I E S I N L O A D S 

a)  1 .  O P E R A T I O N A L 
C O N D I T I O N S 

b)  I N A C C U R A C I E S I N S T R U C T U R AL A N A L Y S I S 

)  D E T E R I O R A T I O N I N S E R V I C E 

d)  M A T E R I A L A N D P R O D U C T I O N V A R I A B I L I T Y ? 

e)  S P E C I A L F A C T O R S / A D D I T I O N A L F A C T O R S 

FRANCE 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

The purpos e o f  th e F.O.S .  i s  t o giv e safet y agains t  th e 
uncertaintie s o f  al l  fou r  point s ( a t o d )  a s a  whole .  I t 
seems no t  t o b e realisti c t o spli t  u p th e F.O.S .  int o 
separat e factors ,  becaus e fro m th e statistica l  poin t  o f 
vie w i t  i s  no t  conceivabl e fo r  th e mos t  critica l  case s t o 
occu r  a t  th e sam e time . 
a)  Yes ,  includin g th e accidenta l  exeedanc e o f  th e norma l 

operationa l  conditions . 

b)  Yes ,  afte r  completio n o f  stati c test s u p t o ultimat e 
loa d an d beyond ,  ther e wil l  b e les s uncertaintie s a s 
i n structura l  analysis ,  e.g .  thos e inaccuracie s tha t 
resul t  fro m th e differenc e betwee n tes t  structur e an d 
servic e aircraft . 

c )  Ye s 

d)  Ye s 

e)  Factor s ar e applie d fo r 
-  casting s 
-  forg i  ng s 
-  composit e material s 
-  glass ,  plastic s 
-  f i  11 i  ng s 

a)  1 .  Ye s 

2.  -Yes ,  i f  complicate d loa d case . 
fo r  example :  transoni c flow ,  elasti c structur e et c 

-No ,  i f  simpl e loa d case , 
fo r  example :  unsymmetrica l  pul l  up ,  subsoni c flow , 
rigi d structur e 

b)  Analysi s :  Ye s 
Tes t  :  No ,  afte r  completio n o f  complianc e test s 

c )  Rando m deterioratio n i s  covere d 
but  se e e ) 

d)  Material :  No ,  covere d b v allowabl e desiq n value s 
(A-,B-values ) 

Production :  Ye s 

e)  Factor s o n - casting s 
forging s 
glass ,  plastic s 
fitting s 
fibe r  composite s i n genera l 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R AL A S P E C T S 

A . 3 I S T H E F . O . S . I N T E N D E D T O C O V E R : 

a ) 1 . O P E R A T I O N A L E X C E E D A N C E S O F D E S I G N 
C O N D I T I O N S 

2 . U N C E R T A I N T I E S I N L O A D S 

b) I N A C C U R A C I E S I N S T R U C T U R A L A N A L Y S I S 

c) D E T E R I O R A T I O N I N S E R V I C E 

d) M A T E R I A L A N D P R O D U C T I O N V A R I A B I L I T Y ? 

e) S P E C I A L F A C T O R S / A D D I T I O N A L F A C T O R S 

ITALY 
AIR FORCE 
MANNED F IXED/ 
VARIABLE GEOMETRY A/C 

a) 1 . - No, i f r e s u l t i n g f r o m p i l o t h a n d l i n g ( i n g e n e r a l 
i t s h o u l d be c o v e r e d by f l i g h t t e s t i n g and 
e x p e r i e n c e s ) . 

- Y e s , i f d e r i v i n g f r om A/C Sys tems . 
2 . Yes 

b) Yes 

c )  No ,  thi s proble m i s covere d b y adequat e i n servic e 
inspection s an d b y prope r  protectiv e treatements . 

d )  Materia l  :  No ,  bu t  additiona l  factor s ar e t o b e use d 
(  -» -e ) 

Product i  on :  Ye s 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

e)  Factor s ar e use d fo r  : 
-  cas t  ing s 
-  fitting s (i n absenc e o f  adequat e stati c test ) 
-  composite s an d plastic s 
-  forging s 

a)  1 .  Fo r  th e flyin g i n service ,  i t  i s  no w usua l 
practic e t o defin e never-excee d limit s o f 
operatio n fo r  aircrew .  Thes e woul d normall y 
correspon d t o th e desig n level s (limi t  loa d 
condit ions) .  I t  i s  th e genera l  requiremen t  tha t 
thes e limit s shoul d b e observe d strictly .  Th e 
F.O.S .  does ,  however ,  provid e som e safeguar d i f 
ther e i s an y flyin g outsid e th e define d limits . 

2.Yes ,  bu t  smal l  uncertaintie s onl y shoul d remai n 
afte r  th e completio n o f  th e developmen t  programm e 
tha t  usuall y include s analysis ,  wind-tunne l  test s 
and fligh t  loa d measurements ,  supplemente d i n 
servic e b y operationa l  loa d assessmen t  usin g a 
countin g acceleromete r  (Fatiqu e Meter ) ,  and ,  i n 
some cases ,  b y detaile d loa d measurement . 

b)  Yes ,  t o cove r  thos e inaccuracie s tha t  remai n afte r 
complianc e procedur e which ,  o n majo r  component s 
woul d includ e a  strai n surve y an d extensiv e 
structura l  tests . 

c )  N o allowanc e fo r  deterioratio n du e t o corrosio n mad e 
i n th e proces s o f  desig n o r  test s (relianc e place d o n 
protectiv e treatment )  an d henc e F.O. S provide s a 
measur e o f  allowanc e fo r  suc h deterioratio n occurin g 
i n service . 

d)  Material s :  No ,  materia l  variabilit y  shoul d b e covere d 
by "A","B","specification "  values . 

Production :  Yes,th e F.O.S .  provide s som e safeguar d 
agains t  shortfall s  i n manufacturing ,  relate d desig n 
and inspectio n processes . 

e)  Orthodo x Materials :  Specia l  factor s ar e use d i n desig n 
fo r  som e material s suc h a s forgings ,  casting s an d 
transparences .  Thes e factor s ar e reduce d a s mor e 
specimen s ar e tested . 

Composit e Materials :  I n desig n n o specia l  facto r  i s 
applie d sinc e relianc e i s place d o n "A" -  an d "B" -
values .  Th e tes t  facto r  mus t  b e sufficientl y hig h t o 
revea l  unforesee n critica l  feature s o r  failur e 
modes. 

continue d 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R A L A S P E C T S 

A. 3 I S T H E F.O.S .  I N T E N D E D T O C O V E R : 

) 1 .  O P E R A T I O N A L E X C E E D A N C ES O F D E S I G N 
C O N D I T I O N S 

2 .  U N C E R T A I N T I E S I N L O A D S 

b)  I N A C C U R A C I E S I N S T R U C T U R A L A N A L Y S I S 

^ D E T E R I O R A T I O N I N S E R V I C E 

d)  M A T E R I A L A N D P R O D U C T I O N V A R I A B I L I T Y ? 

)  S P E C I A L F A C T O R S / A D D I T I O N A L F A C T O R S 

UNITED STATE S 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

a)  Uncertaintie s an d inaccuracie s i n basi c load s ar e 
expecte d t o b e uncovere d an d correcte d durin g th e 
developmen t  program .  Th e F.O.S .  ar e expecte d t o cove r 
thos e uncertaintie s an d inadverten t  loa d exceedance s 
whic h ma y exis t  o r  occu r  afte r  development . 

b)  An y fundamenta l  inaccuracie s o f  th e stres s analysi s 
ar e expecte d t o b e uncovere d an d correcte d durin g th e 
developmen t  program ,  particularl y durin g groun d test s 
of  th e aircraf t  structure .  Effect s o f  basin g th e 
analysi s o n nomina l  dimensions ,  no t  extrem e 
tolerances ,  othe r  assumption s an d inaccuracie s whic h 
exis t  afte r  developmen t  ar e expecte d t o b e covere d b y 
th e F.O.S . 

c )  Durabilit y  an d damag e toleran t  fligh t  safet y critica l 
component s ar e no t  covere d b y F.O.S .  regardin g servic e 
induce d deterioration .  However ,  regardin g strengt h 
critica l  parts ,  th e F.O.S .  provide s a  necessar y margi n 
t o allo w fo r  detectio n an d repai r  o f  servic e 
deterioratio n an d t o enhanc e th e confidenc e i n th e 
structura l  integrit y o f  th e airframe . 

d)  Materia l  variabilit y  i s  covere d b y "A "  an d "B "  value s 
specifie d i n approve d materia l  handbooks .  However ,  th e 
productio n variabilit y  existin g afte r  constructio n 
whic h adhere s t o th e hig h qualit y standard s o f 
aerospac e industr y workmanshi p i s excecte d t o b e 
covere d b y th e F.O.S . 

UNITED STATE S 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

e)  Othe r  specia l  an d additiona l  factor s ma y b e specifie d 
fo r  example ,  castin g factors ,  fittin g factors , 
pressurize d structure ,  etc . 

Ther e mus t  b e n o yieldin g a t  limi t  loa d an d n o failur e 
at  ultimat e 1oad . 
a )  Ye s 

b)  Ye s 

c )  No ,  ther e i s n o direc t  F.O.S .  applie d t o accoun t  fo r 
deterioration . 

d )  Th e stuctura l  analysi s mus t  b e performe d usin g th e 
nomina l  gage s fo r  shee t  meta l  an d th e averag e thicknes s 
betwee n tolerances .  Specia l  attentio n i s give n t o 
advers e tolerance s an d whe n considere d necessary , 
minimu m dimension s ar e used . 

e)  "A"-value s ar e use d fo r  al l  staticall y determinat e 
structure s . 

"B"-value s ar e use d fo r  al l  cras h conditions ,  an d 
structure ,  th e failur e o f  whic h woul d hav e n o 
safety-of-f1igh t  implication s (floo r  loading) . 
B-value s als o use d o n fail-saf e redundan t 
structure s . 

Factor s o n 
-  casting s (clas s I )  —»-MIL-C-602 1 G 

unles s procure d —^-MIL-A-2118 0 C 
castin g facto r  =  1.25 , 
ultimat e loa d =  1.2 5 *  1. 5 *  limi t  loa d 

I n lie u o f  a n analytica l  facto r  o f  1.2 5 th e castin g may j 
be substantiate d b y stati c tests . 

continue d 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R A L A S P E C T S 

A . 3 I S T H E F .O.S .  I N T E N D E D T O C O V E R : 

a )  1 .  O P E R A T I O N A L E X C E E D A N C E S O F D E S I G N 
C O N D I T I O N S 

2 .  U N C E R T A I N T I E S I N L O A D S 

b )  I N A C C U R A C I E S I N S T R U C T U R A L A N A L Y S I S 

c )  D E T E R I O R A T I O N I N S E R V I C E 

d ) M A T E R I A L A N D P R O D U C T I O N V A R I A B I L I T Y ? 

e)  S P E C I A L F A C T O R S / A D D I T I O N A L F A C T O R S 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A / C 

a )  T o a  larg e ex ten t 

b )  T o a  ver y l im i te d ex ten t 
(unce r ta in t i e s ar e ma in l y covere d b y tes ts ) 

c )  T o a  l im i te d ex»ten t 
(de te r i o ra t i o n i s expec te d t o b e foun d an d repa i re d a t 

an ear l y s t a g e ) 

d )  -  Hard l y an y ma te r ia l  va r iab i l i t y  a s A -va lue s fo r 
ma te r ia l  s t reng t h ar e app l ie d an d reduce d a l l owab l e 
va lue s ar e use d fo r  ma te r i a l s wi t h larg e scat te r  i n 
s t reng t h e.g .  c a s t i n g s ,  g l ass ,  p l a s t i c s . 
Moreve r  th e ex ten t  o f  qua l i t y contro l  o f  f o r g i n g s , 
cas t i ng s an d adhes iv e bond s i s tie d t o whe the r  th e 
par t s ar e v i t a l ,  impor tan t  o r  secondary . 
Tes t  resu l t s ar e co r rec te d b y tak in g mate r ia l 
spec ime n a s nea r  t o th e rup tur e a s poss ib l e an d 
de te rm in in g ma te r ia l  p r o p e r t i e s ,  a f te r  wh ic h th e tes t 
resu l t  i s  co r rec te d t o min imu m a l l owab l e mater ia l 
poper t i  e s . 

-  n o siz e t o l e rance s a s s ing l e loa d car ry in g member s 
a re ,  i n s t res s a n a l y s i s ,  assume d t o b e o f  min imu m 
s ize .  O n s ing l e A / C ,  however ,  a  reduc t io n o f  1 0 % i n 
s t reng t h du e t o m a n u f a c t u r i n g to le rance s i s a l lowe d 
an d cons ide re d t o b e covere d b y th e norma l  F.O.S . 

e )  Th e fo l low in g ex t r a fac to r s ar e appl ie d a s a  gener a 
p recau t io n aga ins t  ma in tenanc e damage ,  bu f fe t i n g a n 
loa d u n c e r t a i n t i e s : Ext 

fa c 
-  Jo in t  t o b e d i sassemb le d fo r  i nspec t io n i n 

win g an d f u s e l a g e ,  engin e moun t ing s etc . 
-  contro l  su r fac e b racke t s 
-  bear ing s an d servo s fo r  contro l  s u r f a c e s , 

f l aps ,  ai r  b rake s an d ra m ai r  tu rb in e 
(ai r  1  oad s o n l y ) 

-  f ixe d bo l te d r i ve te d jo in t s i n in tegra l  tank s 
wit h sea l in g compoun d be twee n par t s 1 

-  compresse d ai r  syste m j 
-  p ressur e vesse l s (1. 6 aga ins t  y i e l d i n g )  1 
-  f l ex ib l e tub in g 2 
-  ca lcu la te d ai r  load s 1 

1 
d 
r a 
to r 

.  1 5 

.  1 5 

1 .  3 8 

.2 5 

.  3 

.  3 3 

. 0 

.  2 
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A. 4 D O Y O U A P P L Y A D D I T I O N A L F A C T O R S T O 

C O V E R D Y N A M I C E F F E C T S I N L I E U O F 

R A T I O N A L A N A L Y S I S ? 

a)  G E N E R A L 

b ) S P E C I A L C A S E S 

FRANCE 
AIR FORCE 
MANNED FIXED WINGA/C 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

a)  No , 
generall y th e Nor m require s th e dynami c effect s t o b e 
take n int o account .  Concernin g estimatio n methods ,  n o 
additiona l  facto r  i s applied ,  becaus e th e assumptio n 
wil l  b e considere d a s conservative . 

b)  I n particula r  case s a  dynami c facto r  i s include d i n th e 
formul a givin g th e limi t  loa d whic h i s t o replac e th e 
rationa l  analysi s e.g .  estimatio n o f  groun d loads . 

a)  No . 

b)  Yes ,  i n specia l  case s 
-  dynami c overswin g fo r  externa l  j  unti l  complectio n 

store s / 
-  groun d load s du e t o dynami c )  o f  rationa l  analysi s 

-  spi n u p \ 
-  sprin g back )  o r  relevan t  tests . 

a )  No t  i n general :  Th e analysi s mus t  cove r  th e effec t  o f 
dynami c response . 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

b)  Specia l  case s ar e missil e firing ,  gunfir e vibratio n 
dynami c overswin g o f  externa l  stores . 
Thi s specia l  facto r  base d o n pas t  experienc e i s 
applie d whe n th e load s derive d fro m th e rationa l 
analysi s canno t  giv e sufficien t  confidence . 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

a)  No ,  dynami c effect s ar e usuall y determine d b y analysi s 
and /  o r  testing ,  althoug h acceptabl e method s o f 
calculatin g gus t  load s an d undercarriag e load s b y 
specia l  factor s ar e available . 

b)  Exceptionally ,  e.g .  a  proo f  facto r  o f  1. 3 o n ejectio n 
sea t  mountings . 

a)  No . 

UNITED STATE S 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

b)  Prefe r  rationa l  analysis .  However ,  additiona l  factor s 
base d o n pas t  experienc e ar e use d fo r  thos e case s whic h 
canno t  b e rationall y analyze d wit h confidence .  Suc h 
case s includ e aerodynamicall y induce d oscillator y 
load s o r  buffet ,  etc. ,  an d dynami c magnificatio n facto r 
fo r  loa d redistribution s a t  tim e o f  failur e o f  a 
componen t  i n fai l  saf e structure . 

a )  Additiona l  factor s ar e use d i n lie u o f  rationa l 
analysi s 

UNITED STATE S 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

b)  -  aeroelasticity :  a  1.1 5 facto r  i s applie d t o th e 
desig n limi t  fligh t  speed/roto r  spee d 
a facto r  (1. 5 roto r  acceleration ,  2. 0 
roto r  braking )  i s applie d t o th e mai n 
transmission ,  engin e mounts ,  etc . 
simultaneousl y wit h fligh t  loa d 
facto r  fo r  power-o n condition s only , 
fo r  larg e mas s item s stead y stat e 
loa d factor s hav e bee n define d 
overspee d test s ar e utilize d t o 
accoun t  fo r  dynami c effects . 

(  transmission s t o 110% ,  fans/shaf t  drive n compressor s 
t o 135% ,  engine s t o 116 % o f  norma l  operatin g speed. ) 

-  aeroelasticit y 

-  torqu e 

-  cras h loa d 

-  driv e syste m 

SHEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

For  installe d equipmen t  wit h W <  40k g a n extr a facto r 
1.6 7 i s applie d t o cove r  dynami c effects . 
For  weight s 4 0 <  W <  150k g th e facto r  i s log-linearl y 
reduce d t o 1 . 
Al l  othe r  dynami c effect s ar e covere d b y rationa l 
analysis . 
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A .5 

D O Y O U A P P L Y S P E C I A L F . O . S . D I F F E R E N T F R O M 

T H O S E F O R N O R M A L O P E R A T I O N A L C O N D I T I O N S ? 

a) F A I L U R E D U R I N G O P E R A T I O N 

b) E M E R G E N C Y L A N D I N G C O N D I T I O N 

O F A I L S A F E C O N D I T I O N S 

d) B A T T L E D A M A G E C O N D I T I O N S 

e ) H A M M E R S H O C K , E N G I N E S U R G E , 
C O M P R E S S O R S T A L L 

f ) S T R U C T U R A L D A M A G E A S A R E S U L T O F 
. B I R D I M P A C T / . D I S C B U R S T 

FRANCE 
AIR FORCE 
MANNED FIXED WING A/C 

a) The Norm a l l o w s to apply a lower F . O . S . depending on 
the p r o b a b i l i t y of the f a i l u r e ,which i s to be agreed 
w i t h the a u t h o r i t y . 

b) The r e g u l a t i o n g ives the va lues of the i n e r t i a l load 
f a c t o r due to crash as u l t i m a t e l o a d s . 

c) L i m i t loads are to be a p p l i e d , F .O .S . i s 1.0 

d) Not yet cons idered 

e) No 

f )  No ,  referenc e t o US-AI R FORCE 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

a)  I n genera l  n o 

b)  Cras h landin g loa d factor s ar e applied ,  accordin q t < 
MIL-A-008865 . 

c )  80 % o f  th e desig n ultimat e load s ar e applied . 

d)  I n discussio n 

e)  No ,  referenc e t o US-AI R FORCE 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

f )  N o 

a)  No ,  onl y th e effec t  o n fligh t  qualit y level s a n 
considered .  (  MIL-F-878 5 ) 

b)  Cras h landin g factor s ar e applie d followin g regulatio n 

c )  No t  yet . 

d)  Th e applicatio n o f  specia l  F.O.S .  i s unde r  discussio n 

e)  N o 

f )  No t  t o b e covere d b y F.O.S . 

continue d 
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A. 5 

DO Y O U A P P L Y S P E C I A L F.O.S .  D I F F E R E N T F R O M 

T H O SE F O R N O R M AL O P E R A T I O N A L C O N D I T I O N S ? 

a)  F A I L U R E D U R I N G O P E R A T I O N 

b)  E M E R G E N CY L A N D I N G C O N D I T I O N 

c ) F A I L S A F E C O N D I T I O N S 

d)  B A T T L E D A M A GE C O N D I T I O N S 

e ) H A M M E R S H O C K , E N GI 
C O M P R E S S OR S T A L L 

N E  S U R G E 

f ) S T R U C T U R AL D A M A GE A S A  R E S U 
. B I R D I M P A C T /  . D I S C B U R S T 

L T  O F 

UNITED STATES 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

a)  Normall y n o specia l  factor s ar e use d fo r  failure s 
durin g operatio n suc h a s contro l  systems ,  SAS ,  engine , 
etc .  Thes e condition s ar e define d an d accounte d fo r  i n 
th e desig n criteria . 

b)  N o specia l  factor s ar e specifie d fo r  landin g condition s 
afte r  declare d in-fligh t  emergencies .  I f  th e "emergenc y 
landin g condition "  i s  mean t  t o includ e crashes ,  th e 
F.O.S .  concep t  i s  no t  applie d an d th e specifie d load s 
and factor s ar e use d directl y t o determin e ultimat e 
values . 

c )  Residua l  strengt h requirement s an d factors ,  replacin g 
th e norma l  F.O.S .  ar e define d i n th e militar y 
regula t  i  ons . 

d)  Residua l  strengt h requirement s ar e tailore d t o th e 
particula r  weapo n syste m unde r  development . 

e)  Specia l  factor s ar e normall y no t  applie d fo r  thes e 
condition s an d developmen t  effort s ar e expecte d t o 
uncove r  an d correc t  an y unsatisfactor y condition s whic h 
may arise . 

UNITED STATES 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

f )  -  Bir d inpact :  Normall y considere d a n ultimat e loa d 

-  Dis k burs t 

conditio n requirin g onl y surviva l  o f 
personne l  an d recover y o f  th e aircraft . 
Normall y considere d a n ultimat e 
containmen t  conditio n requirin g n o 
injur y t o personne l  an d recover y o f  th e 
aircraft . 

)  I n genera l  specia l  F.O.S .  ar e no t  used .  When majo r 
structura l  component s ar e faile d o r  damaged ,  i t  i s 
considere d a n ultimat e conditio n (i.e. ,  F.O.S .  i s  1.0 ) 

b)  Crash :  quas i  stati c loa d factor s ar e define d fo r  th e 
desig n o f  th e suppor t  structur e fo r  larg e mas s item s 
whic h migh t  pos e a  hazar d t o th e crew .  Al l  cras h 
condition s ar e ultimat e an d th e F.O.S .  i s  1.0 . 

c )  A  fai l  saf e assembl y i s  require d b y definitio n t o carr y 
limi t  loa d withou t  failur e wit h a t  leas t  on e majo r  loa d 
pat h severed .  Fai l  saf e i s a n ultimat e consideratio n 
and th e F.O.S .  i s  1.0 . 

d)  Th e aircraf t  i s  require d t o fl y  a  reduce d fligh t 
spectru m fo r  3 0 minute s an d lan d safel y subsequen t  t o 
receivin g battl e damag e fro m a  specifie d ballisti c 
projectile .  Thi s i s  a n ultimat e conditio n an d th e 
F.O.S .  i s  1.0 . 

f )  When majo r  structura l  component s ar e faile d o r  damage d 
i t  i s  considere d a s ultimat e conditio n i.e .  th e 
F.O.S .  i s  1. 0 _ _ _ 

Remark :  Th e sequenc e o f  th e Nation s hav e bee n altere d exceptionall y fo r  th e 
answer s t o thi s questio n wit h respec t  t o printin g conditions . 

continue d 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R A L A S P E C T S 

A.5 

D O Y O U A P P L Y S P E C I A L F . O . S . D I F F E R E N T F R O M 

T H O S E F O R N O R M A L O P E R A T I O N A L C O N D I T I O N S ? 

a) F A I L U R E D U R I N G O P E R A T I O N 

b) E M E R G E N C Y L A N D I N G C O N D I T I O N 

c) F A I L S A F E C O N D I T I O N S 

d) B A T T L E D A M A G E C O N D I T I O N S 

e ) H A M M E R S H O C K , E N G I N E S U R G E , 
C O M P R E S S O R S T A L L 

f ) S T R U C T U R A L D A M A G E A S A R E S U L T O F 
. B I R D I M P A C T / . D I S C B U R S T 

UNITED KINGDOM 
AIR FORCE/ ARMY/ NAVY 
ALL AIRCRAFT/ 
ROTORCRAFT 

a) I n genera l f a i l u r e s of c o n t r o l system, engine e t c . are 
covered by design phi losophy ( e . g . m u l t i - p l e x c i r c u i t s ) 
r a t h e r than by f a c t o r s . 
I n some c i rcumstances where the p r o b a b i l i t y i s very 
remote a concession might be n e g o t i a t e d . 

b) Yes , seats and o ther c r i t i c a l i tems are designed to 
w i t h s t a n d crash l a n d i n g a c c e l e r a t i o n s w i t h an u l t i m a t e 
f a c t o r of 1 . 0 . 

SWEDEN, SAAB-SCANIA 
AIR FORCE 
MANNED FIXE D WIN G A/ C 

c )  Yes ,  th e residua l  strengt h mus t  no t  decreas e belo w 8 0 % 
of  th e desig n ultimat e strengt h befor e replacemen t  o r 
repai r  i s  made . 

d)  N o 

e )  N o 

f )  -  Bir d impact :  an y quantitativ e requiremen t  i s state d 
i n th e individua l  aircraf t  specification ,  an d usuall y 
call s fo r  performanc e t o b e demonstrate d b y tes t  a t 
an ultimat e loa d facto r  o f  1.0 . 

-  Dis k burs t  :  th e genera l  engin e desig n requirement s 
stat e tha t  th e oute r  casing s o f  th e engin e o r 
supplementar y containmen t  shield s shal l  b e o f 
sufficien t  strengh t  t o preven t  th e escap e o f  an y 
compresso r  o r  turbin e blade s whic h ma y disintegrat e 
or  becom e detached :  th e ultimat e loa d facto r  i s thu s 
1.0 .  Dis k burs t  i s  no t  covere d b y th e requirements . 

The followin g rar e event s ar e covere d b y safet y factor : 
lowe r  tha n th e norma l  valu e o f  1. 5 

b)  cras h landin g 

f )  n o ris k fo r  seriou s injur y o f  pilo t 

carrie r  typ e landin g (wher e a  lo w probabilit y 
vertica l  velocit y i s selected ) 

ejectio n sea t 

mechanica l  seizin g o f  servo s (loa d base d o n 1. 2 
time s norma l  hydrauli c pressure ) 

F.O.S . 
1. 0 

1.1 5 

1 .  1 5 

1.0 5 
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A. 6 I N W H A T W A Y W O U L D T H E A S P E C T S O F D A M A G E 

T O L E R A N CE I N F L U E N C E T H E F.O.S .  ? 

FRANCE 
AI R FORCE 
MANNED FIXE D HINGA/ C 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT/ 
ROTORCRAFT 

UNITED STATES 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

UNITED STATES 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SHEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

No influenc e 

The applicatio n o f  damag e toleranc e desig n principle s 
does no t  directl y influenc e th e F.O.S . 
For  th e residua l  strengh t  requirement s specification s 
suc h a s MIL-A-8344 4 ar e bein g applied . 

Damage toleranc e criteri a ar e base d o n a  differen t 
desig n philosoph y therefor e th e F.O.S .  i s no t 
directl y affected . 

New requirement s ar e bein g drafted .  Thes e wil l  maintai n 
at  leas t  th e level s o f  safet y associate d wit h th e 
presen t  saf e lif e an d fai l  saf e desig n requirements . 
Highe r  effectiv e F.O.S .  wil l  resul t  i f  n o crack s ar e 
present ;  th e minimu m F.O.S .  wil l  b e th e valu e o f  1. 2 
state d i n th e fai l  saf e requirement . 

None.  However ,  th e us e o f  damag e toleranc e an d fractur e 
mechanic s concept s ten d t o lowe r  stres s level s i n th e 
airframe .  Some structura l  component s therefor e ten d t o 
hav e a  highe r  effectiv e F.O.S .  initially .  Al l  safety -
of-fligh t  structur e mus t  compl y wit h th e residua l 
strengt h requirement s o f  militar y regulations . 

Al l  safety-of-f1igh t  structur e mus t  compl y wit h th e 
residua l  strengt h requirement s o f  militar y regulations . 

Damage toleranc e i s treate d a s a  separat e desig n 
condition . 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R AL A S P E C T S 

A . 7 D O Y O U A P P L Y D I F F E R E N T F.O.S F O R 

F O L L O W I N G T Y P E S O F L O A D C A S E S : 

a) D E S I G N L O A D L E V E L I S S T A T E D I N 
R E G U L A T I O N S 

b) O P E R A T I O N A L L O A D S A R E L I M I T E D 

FRANCE 
AIR FORCE 
MANNED FIXED WINGA/C 

Not g e n e r a l l y , 
b u t f o r A/C w i t h p a r t i c u l a r c h a r a c t e r i s t i c s , d e s i g n 
c o n d i t i o n s d i f f e r e n t f r om t h e Norm m i g h t be d e t e r m i n e d 

GERMANY 
AIR FORCE/NAVY 
MANNED F IXED/ 
VARIABLE,GEOMETRY,A/C 

N o r m a l l y no , b u t i f i n s p e c i a l case i t can be p r o v e n t h a t 
1.5 l i m i t l o a d p h y s i c a l l y i s n o t a c h i e v a b l e 
( e . g . l i m i t i n g d e v i c e ) a l o w e r F . O . S . can be a c c e p t e d . 

ITALY 
AIR FORCE 
MANNED F IXED/ 
VARIABLE GEOMETRY A/C 

No 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

a)  Desig n loa d leve l  a s state d i n th e A/ C Specificatio n 
i s base d o n experienc e an d s o n o distinctio n i s mad e 
betwee n "experience "  an d "regulations" . 

UNITED STATE S 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

b)  No t  i n general ,  bu t  case s ar e considere d o n thei r 
merits . 

a)  Normally ,  no .  Howeve r  ther e ar e selecte d condition s 
wher e i n regulatio n specifie d load s an d factor s ar e 
ultimat e value s an d th e norma l  F.O.S .  ar e no t  applied . 

b)  No ,  normall y handle d i n th e usua l  manne r  regardles s o f 
th e difficult y i n achievin g o r  exceedin g th e limi t 
desig n loads . 

UNITED STATE S 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

Reduce d F.O.S .  ar e no t  define d fo r  th e followin g reasons : 
-  U.S .  Arm y aircraf t  operat e clos e t o th e desig n boundar y 

wit h a  smal l  margi n betwee n desig n an d operationa l 
usage . 

-  I t  i s  Army' s experienc e tha t  growt h potentia l  i s 
require d ove r  th e lif e tim e o f  a n aircraf t  syste m (ne w 
missio n profiles ,  improve d weaponry ,  heavie r  payloads , 
improve d engines) . 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

No differen t  F.O.S .  ar e applied . 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R AL A S P E C T S 

A. 8 W H AT I S T H E R E L A T I O N S H I P B E T W E E N O P E R -

A T I O N A L S P E E D A N D D E S I G N S P E E D ? 

FRANCE 
AI R FORCE 
MANNED FIXE D WINGA/ C 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

UNITED STATE S 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

UNITED STATE S 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

No factor s give n i n th e Norm . 
The use r  choos e a  margi n i n compariso n wit h th e 
desig n envelope . 

I n genera l  maximu m operationa l  spee d <  desig n speed , 
e.g .  operationa l  speed s fo r  fla p extensio n ar e 2 0 -  3 0 
kt s les s tha n desig n speeds . 

The Norm s d o no t  giv e an y facto r  therefor e eac h facto r 
i s t o b e tailore d t o individua l  aircraf t  typ e an d t o th e 
relate d fligh t  envelope .  Howeve r  th e max .  operationa l 
spee d i s i n genera l  les s tha n th e max .  desig n advic e 
speed .  Th e AI R 2004/ D give s som e advic e t o ge t  throug h 
th e mentione d exercise .  (Thi s i s a  commen t  no t  t o b e 
include d i n th e Norm ) 

A Limitin g Spee d i s chose n s o tha t  th e desig n spee d wil l 
not  b e exceeded . 
Typicall y fo r  subsoni c aeroplane s th e Limitin g Spee d i s 
10 % belo w th e desig n speed .  I n som e case s a  neve r  excee d 
spee d i s stated . 
A simila r  approac h i s followe d fo r  rotorcraft . 

The relationshi p i s dependen t  upo n th e typ e o f  aircraft , 
th e operationa l  requirement s an d th e militar y 
regulations .  Normall y th e desig n spee d i s greate r  tha n 
th e operationa l  spee d t o allo w fo r  infrequen t  overshoot s 
of  shallo w dives ,  gus t  upsets ,  shor t  tim e transien t 
excursion s require d b y som e missions ,  e t  cetera . 

The relationship s ar e a s follows : 
a)  Forwar d airspee d 
-  structura l  :  n o differenc e 
-  aeroelastic :  a  facto r  o f  1.1 5 (MIL-A-00887 0 ) 
b)  Roto r  spee d 
-  structura l  :  a  facto r  o f  1.2 5 (MIL-S-869 S an d 

MIL-T-8679 ) 
-  aeroelastic :  a n additiona l  facto r  o f  1.1 5 i s adde d t c 

th e structura l  consideratio n (AR-5 6 an d MIL-A-008S70 ) 

Desig n speed s ar e chose n suc h tha t  thei r  exceedanc e 
i s improbable . 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R AL A S P E C T S 

A. 9 H OW D O Y O U A P P L Y F A C T O R S F O R 

T E M P E R A T U RE E F F E C T S ? 

FRANCE 
AI R FORCE 
MANNED FIXE D WINGA/ C 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT/ 
ROTORCRAFT 

UNITED STATES 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

UNITED STATES 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

The allowabl e mechanica l  value s o f  material s ar e reduce d 
and th e stres s leve l  resultin g fro m temperatur e i s 
calculate d b y a  reduce d facto r  .  (1.25 ) 

Analysis :  Th e allowabl e strengt h value s o f  material s ar e 
reduce d accordin g t o th e temperature s reache d 
i  n  serv i  ce . 
The resultin g stresse s ar e multiplie d b y th e 
usua l  F.O.S . 

Test  :  Qualificatio n test s wil l  b e don e unde r  th e 
most  critica l  temperatur e conditions.(e.g .  fo r 
advance d composites ) 

The allowabl e strengt h value s o f  material s ar e reduce d 
accordin g t o th e temperature s reache d i n servic e an d th e 
therma l  stresse s ar e considered . 
The resultin g stresse s ar e multiplie d b y th e usua l 
F.O.S . 

I n general ,  th e virtua l  strai n i n a  member  du e t o therma l 
effect s i s multiplie d b y th e usua l  proo f  an d loa d 
factors ;  i t  i s  the n combine d wit h th e factore d strai n du e 
t o th e externall y applie d loads ,  determine d assumin g n o 
therma l  strain s ar e acting .  Th e associate d stres s i s 
foun d fo r  thi s combine d strai n fro m th e stress-strai n 
curv e fo r  th e member .  Materia l  propertie s an d allowabl e 
strengt h value s ar e take n a t  th e aircraf t  desig n 
temperatures . 

Temperatur e effect s o n structure s ar e accomplishe d b y 
reducin g th e roo m temperatur e strengt h value s i n 
accordanc e wit h approve d handbook s an d othe r  sources . 

Temperatur e effect s ar e covere d b y reducin g th e strengt h 
valu e o f  th e materia l  base d o n MIL-HDBK-5 ,  o r  othe r 
approve d sources . 

Temperatur e effect s ar e accounte d fo r  b y a  reductio n 
i n th e strengt h valu e o f  th e material . 



A.  F A C T O R S O F S A F E T Y - S T R U C T U R AL A S P E C T S 

A.1 0 DO Y O U A P P L Y S P E C I A L F A C T O R S O N P R O T O -

T Y P E O R E X P E R I M E N T A L V E H I C L E S ? 

FRANCE 
AI R FORCE 
MANNED FIXE D WINGA/ C 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT/ 
ROTORCRAFT 

UNITED STATES 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

UNITED STATES 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

No 

Prototype s :  -  No ,  i f  th e norma l  strengt h programm e 
i s conducted . 

-  Yes ,  i f  onl y analytica l  proo f  i s 
prov i  ded . 

Experimental :  A  specia l  additiona l  facto r  ma y b e applied . 

No 

Not  i f  a n adequat e tes t  programm e i s  followed . 
I f  a  tes t  programm e i s no t  planne d an d relianc e place d 
on calculatio n additiona l  factor s ar e applied . 

Normally ,  yes ,  sinc e additiona l  analytica l  strengt h i s 
more cos t  effectiv e an d timel y tha n require d fligh t  an d 
groun d test s necessar y t o verif y th e airfram e fo r  th e 
usuall y limite d usage . 

Specia l  factor s ma y b e applie d t o prototyp e A/ C e.g .  a 
specia l  reductio n facto r  wil l  b e applie d t o th e mea n 
S-N-curv e o f  a  fatigu e critica l  componen t  i f  th e 
require d numbe r  o f  specimen s hav e no t  bee n teste d prio r 
t o flight . 

Normal  factor s o f  safet y ar e applie d t o prototype s 
excep t  tha t  th e reductio n o f  strengt h o f  10 X du e t o 
manufacturin g tolerances ,  a s mentione d unde r  A.3 ,  ma y b e 
increase d t o 16% . 
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A.  F A C T O R S O F S A F E T Y - S T R U C T U R AL A S P E C T S 

A.1 1 A R E S P E C I A L F A C T O R S A P P L I E D T O T H E 

D E S I G N O F T H E I N L E T A N D T H E E N G I N E 

T I E D O WN P O I N T S ? 

FRANCE 
AI R FORCE 
MANNED FIXE D WINGA/ C 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

UNITED STATES 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

UNITED STATES 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

No 

No 

No 

No 

Normally ,  no ,  relyin g o n th e developmen t  progra m t o 
uncove r  an d correc t  an y abnormalities . 

Specia l  factor s ar e no t  applie d t o th e desig n o f  engin e 
inle t  o r  th e ti e dow n points . 

No specia l  factor s ar e applie d t o th e ai r  intake . 
Engin e mountin g extr a facto r  i s 1.1 5 (sec .  A.3) . 



27 

B. N O N - S T R U C T U R A L A S P E C T S 

B A R E T H E R E O T H E R C O N S I D E R A T I O N S 

T H A T C O V E R F L I G H T S A F E T Y A N D 

A I R W O R T H I N E SS A S A  W H O L E ? 

FRANCE 
AI R FORCE 
MANNED FIXE D WINGA/ C 

GERMANY 
AI R FORCE/ARMY/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT/ 
ROTORCRAFT 

UNITED STATES 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

UNITED STATES 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

No comment 

Yes,  e .  g . 
-  endurance/confidenc e test s o n syste m rig s 
-  safet y analyse s 
-  reliabilit y  analyses/demonstration s 
-  acousti c nois e (Manne d Rotar y Win g A/C ) 

No comment 

Yes,  thes e relat e t o item s suc h a s securit y o f  fixin g o f 
door s an d panels ,  protectio n agains t  lightnin g strike , 
protectio n fro m icing ,  protectio n fro m exhaus t  gase s 
fro m weapon s an d positionin g o f  turbin e disc s t o 
minimis e damag e i n th e even t  o f  noncontainment . 

I n general ,  yes .  Interface s wit h al l  o f  th e othe r 
technica l  discipline s an d operationa l  requirement s 
influenc e th e fligh t  safet y an d airworthines s o f  th e ai r 
vehicl e a s a  whole .  Suc h discipline s includ e 
aerodynamic s an d performance ,  safet y (includin g nuclea r 
safety) ,  vehicl e system s (includin g control ,  avionics , 
fuel ,  etc.) ,  cos t  effectivenes s o f  th e variou s 
productio n techniques ,  maintenanc e effort s an d costs , 
and others .  Eac h interfac e mus t  b e evaluate d an d 
integrate d o n it s ow n relativ e merits . 

Inheren t  F.O.S .  wil l  exis t  i n certai n component s base d 
on environmenta l  testin g versu s operationa l  usage , 
e.g .  -  th e accelerate d life-testin g o f  elastomeri c 

bearing s 
-  vibratio n testin g o f  I R suppresso r 
-  enduranc e testin g o f  engin e an d driv e syste m 

component s 

No comment 
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C.  R E V I E W A N D F U T U R E O U T L O O K 

C. l D O Y O U B E L I E V E T H A T T H E P R E S E N T - D A Y 

F.O.S .  - C O N C E P T I S S A T I S F A C T O R Y ? 

FRANCE 
AI R FORCE 
MANNED FIXE D WINGA/ C 

GERMANY 
AI R FORCE/ARMY/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

UNITED STATE S 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

UNITED STATE S 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

Up t o no w fo r  a  fighte r  A/ C th e presen t  concep t  an d 
th e value s o f  th e F.O.S .  seem s t o b e realistic . 
For  composit e component s additiona l  factor s migh t  b e 
use d t o cove r  th e influenc e o f  environmenta l  degradatio n 
and manufacturin g variabil ity . 

For  meta l  part s yes , 
but  fo r  composit e part s additiona l  factor s mus t  b e use d 
t o cove r  th e influenc e o f  environmenta l  degradatio n du e 
t o temperature ,  moisture ,  UV-light ,  manufacturin g 
variabi1 i  t y etc . 

F.O.S .  adopte d nowaday s fo r  Militar y Aircraf t  meta l 
allo y structure s ar e satisfactory ,  bu t  the y coul d b e 
revise d followin g stat e o f  ar t  improvements . 

Yes ,  bu t  w e believ e tha t  a n internationa l 
rationalizatio n o f  factor s i s timel y t o achiev e mor e 
unifor m standard s o f  safet y and ,  possibly ,  increase d 
operationa l  effectiveness . 

The present-da y F.O.S .  concep t  i s satisfactor y whe n 
complemente d wit h a n effectiv e durabilit y  an d damag e 
toleranc e program .  Thes e discipline s ar e i n existenc e 
toda y onl y becaus e th e F.O.S .  concep t  canno t  an d wa s 
not  intende d t o accommodat e o r  accoun t  fo r  hig h 
intensit y cycli c loadings . 

The presen t  F.0.S.-concep t  i s adequat e an d additiona l 
researc h i n thi s are a i s no t  warrante d a t  thi s tim e fo r 
th e followin g reasons : 
a)  Load s analysi s use d o n rotar y win g A/ C ar e fa r  fro m 

an exac t  scienc e -  beyon d th e stat e o f  th e art . 
b)  Man y helicopte r  component s an d assemblie s ar e designe d 

t o b e damag e tolerant ,  crashworth y o r  fai l  safe .  Sinc e 
thes e ar e ultimat e condit ions ,  th e F.O.S .  doe s no t 
impac t  thei r  design . 

c )  Virtuall y al l  dynami c component s o n a  helicopte r  ar e 
fatigu e critica l  an d no t  stati c strengt h critical . 
Sinc e fatigu e load s ar e limi t  load s applie d 
repeatedly ,  th e F.O.S .  i s no t  significan t  i n th e 
desig n o f  thes e components . 

d)  Sinc e a  helicopte r  operate s i n a  sever e vibratio n 
environment ,  man y component s ar e stiffnes s critical . 

I t  i s  no t  satisfactor y tha t  th e F.O.S .  o f  1.5 ,  whic h i s 
adequat e whe n th e limi t  loa d leve l  i s  base d o n 
experience ,  als o i s applie d whe n load s i n exces s o f 
limi t  load s ca n hardl y b e produced . 
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C.2 R E G A R D I N G F . O . S . , I N W H I C H A R E A I S F U R T H E R 

T H E O R E T I C A L O R E X P E R I M E N T A L R E S E A R C H 

N E E D E D T O C L A R I F Y U N C E R T A I N T I E S ? 

FRANCE 
AIR FORCE 
MANNED FIXED WINGA/C 

An i n t e r e s t i n g b a s i s f o r r e s e a r c h seems t o be 
t he improvement o f know ledge i n f l i g h t and g round 
l o a d s , e s p e c i a l l y f o r u n s y m m e t r i c c o n d i t i o n s . 
t he s t r u c t u r a l b e h a v i o u r o f c o m p o s i t e s i n s e r v i c e 

GERMANY 
AI R FORCE/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

Advance d composite s 

New material s an d ne w manufacturin g procedure s (RPV ) 

Vibratio n an d acousti c load s (Manne d Rotar y Win g A/C ) 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

Advance d composite s an d ne w materia l  processing . 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

The abov e objective s coul d b e achieve d i f  eac h 
participatin g natio n expresse s th e overal l  safet y 
concep t  i n term s o f  a  breakdow n a s follows : 

1.  th e margi n betwee n releas e envelop e an d th e 
unfactore d desig n conditions , 

2.  th e margi n betwee n th e unfactore d desig n 
condition s an d th e factore d desig n conditions , 

3.  th e margi n betwee n th e weakes t  aircraf t  an d th e 
average . 

UNITED STATE S 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

The followin g tw o area s ma y b e worth y o f  furthe r 
investigation : 

1.  Establishmen t  o f  allowabl e deformatio n 
requirement s fo r  stabilit y  critica l  structur e 
subjecte d t o exceedance s o f  limi t  load . 

2.  Establishmen t  o f  requirement s fo r  primar y 
structur e subjecte d t o elevate d temperatures . 

UNITED STATE S 
ARMY 
MANNED ROTARY HIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

-  Ne w material s 

-  Ne w materia l  processe s 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

Researc h shoul d b e undertake n t o establis h rationa l 
variation s o f  th e F.O.S .  whe n th e spectru m o f  load s 
abov e limi t  loa d varies . 
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C.  R E V I E W A N D F U T U R E O U T L O O K 

C. 3 T O W H A T E X T E N T S H O U L D W E C H A N G E T H E 

P R E S E N T - L A R G E LY D E T E R M I N I S T I C -

A P P R O A CH T O A  P R O B A B I L I T Y A P P R O A C H ? 

FRANCE 
AI R FORCE 
MANNED FIXE D WINGA/ C 

GERMANY 
AI R FORCE/ARMY/NAVY 
MANNED FIXED / 
VARIABLE,GEOMETRY,A/C 

ITAL Y 
AI R FORCE 
MANNED FIXED / 
VARIABLE GEOMETRY A/ C 

UNITED KINGDOM 
AI R FORCE/  ARMY/  NAVY 
ALL AIRCRAFT / 
ROTORCRAFT 

UNITED STATE S 
AI R FORCE 
MANNED FIXE D / 
VARIABLE GEOMETRY A/ C 

UNITED STATE S 
ARMY 
MANNED ROTARY WIN G A/ C 
MANNED FIXE D WIN G 
TRANSPORT A/ C 

SWEDEN,  SAAB-SCANI A 
AI R FORCE 
MANNED FIXE D WIN G A/ C 

Up t o no w w e hav e no t  researche d thi s questio n 
sufficiently . 

Probabilisti c  method s ca n b e applie d wit h advantage , 
when practica l  operationa l  informatio n i s availabl e i n 
statistica l  for m e.g .  manoeuvr e loads ,  gus t  loads , 
runwa y roughness .  The y ar e als o appropriate ,  wher e 
new technologies ,  suc h a s activ e control ,  lea d outsid e 
th e establishe d scop e o f  th e existin g deterministi c 
criteria .  I n thes e case s w e prefe r  t o establis h th e 
equivalen t  leve l  o f  safet y b y probabilit y  analysis . 

For  RPV-aircraf t  th e desig n shoul d mee t  reliabilit y 
requirement s i n respec t  t o th e planne d airspace : 
restricte d are a o r  nonrestricte d area . 

We hav e no t  ye t  sufficien t  experienc e t o sugges t  t o 
chang e th e presen t  deterministi c approach . 

Ther e i s a  plac e fo r  PS D method s i n th e treatmen t  o f 
fatigu e loads-e.g .  fo r  runwa y roughness .  Howeve r  th e us e 
of  suc h method s i n derivin g stati c desig n load s i s mor e 
difficult . 
We d o no t  believ e tha t  a  wholl y probabilisti c  approac h 
wil l  b e practicabl e unti l  mor e i s know n o f  individua l 
probabilitie s involve d an d thei r  combinatio n a t  extrem e 
value s i n smal l  samples . 

For  stati c strengt h purposes ,  none ,  sinc e th e dat a bas e 
t o mak e a  probabilisti c  assessmen t  durin g desig n o f  a 
new weapo n syste m i s no t  adequat e an d th e extrem e valu e 
probabilit y  requirement s an d ou r  curren t  deterministi c 
requirement s woul d probabl y resul t  i n th e sam e ultimat e 
value s an d structura l  components .  Th e reaso n fo r  thi s i s 
tha t  th e deterministi c requirement s ar e no t  base d o n 
unacceptabl y extrem e condition s bu t  o n probabilisticall y 
describe d experience s o f  th e past . 

Give n th e inheren t  uncertaintie s i n helicopte r 
structura l  analysis ,  th e additio n o f  probabilit y 
consideration s woul d onl y serv e t o complicat e th e issue . 
Thi s approac h woul d requir e mor e effor t  o n th e par t  o f 
aircraftcontractor s whic h woul d b e reflecte d i n 
greate r  cos t  t o th e Army .  Significan t  materia l  benefi t 
t o th e Arm y woul d hav e t o b e demonstrate d prio r  t o th e 
acceptanc e o f  a  probabilisti c  approach . 

A complet e chang e fro m F.O.S .  t o a  probabilit y  approac h 
cannot ,  i n ou r  view ,  b e accomplishe d withou t  establishin g 
regulation s o n ho w t o determin e th e appreciabl e amoun t  o f 
dat a tha t  ha s t o g o int o probabilit y  approach . 
Rationa l  variation s o f  th e F.O.S. ,  establishe d b y 
researc h an d applie d vi a regulation s see m a  preferabl e 
approach . 

PSD-method s ar e excellen t  tool s fo r  determinin g fatigu e 
loa d spectr a bu t  fo r  definin g load s fo r  stati c design ,  a n 
extrem e valu e approac h seem s mor e suitable . 
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3. 0 PRECI S O F ROUND TABL E DISCUSSIO N 

On th e basi s o f  th e answer s t o th e Questionnair e (Reviewe d Evaluatio n 1s t  issue ) 
presente d b y th e coordinato r  a t  th e 51s t  SMP-Meetin g th e Sub-Committe e ha d a  detaile d 
and fruitfu l  discussio n wit h respresentative s o f  th e militar y airworthines s authorities . 
The followin g precis ,  highlightin g th e mai n point s o f  th e roun d tabl e discussion ,  ha s 
been prepare d b y W.G .  Heath .  I t  i s  a n indicatio n o f  th e emphasi s place d b y al l  thos e 
presen t  o n th e lac k o f  understandin g o f  th e principle s o n whic h th e Facto r  o f  Safet y 
i s based .  Th e topic s o f  th e discussio n hav e bee n relate d (i n brackets )  t o th e number s 
of  th e question s concerned . 

3. 1 Introductio n 

At  th e 51s t  SMP Meeting ,  a  roun d tabl e discussio n wa s hel d a t  which ,  beside s norma l 
Sub-Committe e members ,  representative s o f  fiv e militar y airworthines s authoritie s wer e 
presen t  a s follows : 

France :  M.M .  Sanch o 

Servic e Techniqu e Aeronautiqu e 

Germany:  Dipl.-Ing .  M.  Hacklinge r 

Bundesamt  fu r  Wehrtechni k un d Beschaffun g 

Unite d Mr .  P.R .  Guyet t 

Kingdom :  R o y a l  Aircraf t  Establishmen t 

USAF:  Mr .  K.I .  Collie r 

Ai r  Forc e Fligh t  Dynamic s Laborator y 

US Army :  Mr .  D .  Schrag e 

Army Aviatio n R&D Command 

The discussio n centre d o n th e documen t  "Reviewe d Evaluatio n o f  Questionnair e o n 
Factor s o f  Safety "  whic h ha d bee n prepare d b y th e tw o Coordinator s an d revise d b y th e 
Europea n Coordinato r  (Mr .  H .  Struck )  followin g hi s visit s t o th e firs t  thre e above-name d 
authoritite s prio r  t o th e meeting . 

The firs t  questio n -  "Wha t  i s th e facto r  o f  safet y intende d t o cover? "  cause d th e 
most  discussion ,  sinc e i t  appeare d a t  firs t  sigh t  tha t  thos e participatin g hel d widel y 
differen t  views .  Onc e thi s questio n ha d bee n resolved ,  th e remainin g question s wer e deal t 
wit h mor e briefly . 

3. 2 What  i s th e Facto r  o f  Safet y intende d t o cover ? 
(Questio n A. 3 o f  questionnaire ) 

3.2. 1 Uncertaintie s i n Load s (A.3a ) 

I t  wa s assume d tha t  al l  countrie s tr y t o establis h th e tru e magnitud e o f  th e applie d 
loads ,  bu t  tha t  som e uncertaintie s may ofte n remain .  Th e questio n resolve d int o wha t  wa s 
meant  b y 'uncertainties' :  wer e th e load s highe r  tha n th e desig n cases ,  o r  unknown s withi n 
th e prescribe d conditions ? Opinio n her e wa s divided ;  som e accepte d on e view ,  som e th e 
other ,  whils t  a t  leas t  on e member  fel t  tha t  th e facto r  shoul d cove r  bot h type s o f  uncer -
tainty . 

Yet  a  furthe r  opinio n wa s that ,  whils t  on e migh t  expec t  t o discove r  al l  th e unknown s 
durin g th e developmen t  phase ,  ther e alway s remaine d som e 'unknow n unknowns '  i n service , 
and i t  wa s pointe d ou t  tha t  th e UK ,  i n particular ,  deducte d 10 % fro m th e desig n spee d 
when settin g th e servic e spee d t o allo w fo r  thes e uncertainties . 

The discussio n le d t o a  corollar y t o th e basi c question :  Woul d a  reduce d facto r 
be applie d i f  al l  uncertaintie s wer e eliminated ? I t  wa s state d tha t  thi s wa s don e i n som e 
case s b y mutua l  agreemen t  betwee n th e desig n an d airworthines s authorities . 

Thos e presen t  the n discusse d wha t  actio n shoul d b e take n i f  load s wer e exceede d i n 
service.Severa l  Ai r  Force s regularl y reporte d suc h exceedances ,  an d view s range d fro m th e 
simpl e on e o f  reprimandin g th e pilo t  t o conductin g a  statistica l  survey .  I t  wa s fel t  a 
larg e par t  o f  th e facto r  coul d b e take n u p b y flyin g beyon d th e state d limits ,  an d on e 
authorit y wa s prepare d t o le t  regula r  exceedance s g o unchecke d provide d th e structur e 
was know n t o b e safe . 

The discussio n shifte d t o a  consideratio n o f  probabalisti c versu s deterministi c 
desig n methods ,  a t  leas t  on e SMP member  believin g tha t  th e argument s hear d s o fa r  mad e 
a clea r  cas e i n favou r  o f  th e probabalisti c approac h t o design .  However ,  th e purpos e 
of  th e meetin g wa s t o clarif y th e rol e o f  th e facto r  o f  safety ,  an d sinc e ther e appeare d 
t o b e a  fundamenta l  disagreemen t  o n th e questio n a s set ,  i t  wa s agree d t o redefin e th e 
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questio n t o rea d -  'I s  th e facto r  o f  safet y intende d t o cove r 

a)  Operationa l  exceedance s o f  desig n condition s 

b)  Uncertaintie s i n loads? ' 

Wit h som e qualifications ,  al l  participatin g nation s answere d 'yes '  t o bot h a )  an d b ) . 
The qualification s included ,  i n on e case ,  makin g a  distinctio n betwee n simpl e an d 
comple x loa d case,th e simpl e loa d case s receivin g a  'No '  t o par t  b ) ,  althoug h n o chang e 
i n th e facto r  wa s t o b e implied .  Anothe r  authorit y stipulate d tha t  th e answe r  'yes '  t o 
a)  depende d o n continue d monitorin g o f  th e servic e usage .  On e authorit y answere d a ) 
wit h n o suc h qualification ,  i n th e belie f  tha t  i t  wa s unlikel y fo r  th e weakes t  aircraf t 
t o mee t  th e bigges t  loads . 

3.2. 2 Inaccuracie s i n Structura l  Analysi s (A.3b ) 

The Coordinato r  pointe d ou t  tha t  severa l  authoritie s ha d revise d thei r  answe r 
t o thi s question .  I t  no w seeme d tha t  th e facto r  wa s assume d t o cove r  inaccuracie s i n 
structura l  analysi s onl y unti l  representativ e structura l  test s too k place .  Al l  nation s 
had a  polic y o f  firs t  makin g a n analysi s whic h wa s followe d b y strengt h tests ,  bu t  no t 
al l  point s o f  th e structur e coul d b e adequatel y tested ,  neithe r  coul d al l  th e desig n 
case s b e represented ,  s o tha t  th e facto r  mus t  stil l  cove r  som e area s eve n afte r  th e tes t 
programm e wa s completed . 

I f  thi s wa s so ,  makin g analysi s th e sol e rout e fo r  acceptanc e o f  som e structura l 
items ,  ho w wa s on e t o dea l  wit h differen t  method s o f  idealisation ? On e answe r  t o thi s 
questio n wa s tha t  mos t  engineer s erre d o n th e 'saf e side' .  I n an y event ,  i t  wa s difficul t 
t o represen t  th e natura l  loa d distributio n o n a  tes t  specimen ,  s o tha t  th e facto r  wa s 
neede d eve n fo r  thos e area s whic h ha d apparentl y bee n thoroughl y tested . 

The discussio n turne d t o th e expectatio n o f  al l  authoritie s t o se e th e ful l  facto r 
demonstrate d durin g testing .  Surely ,  i t  wa s argued ,  failur e a t  a  facto r  o f  (say )  1.4 9 
shoul d b e a.o*«ip*.aJ2le ,  sinc e th e ver y fac t  tha t  a  tes t  ha d bee n mad e shoul d hav e eliminate d 
th e nefed '  fo r  a  ful l  f«cetor . 

The authoritie s wer e no t  i n agreemen t  wit h thi s view ,  statin g tha t  th e facto r  ha d t o 
cove r  man y separat e aspects .  Thu s i f  onl y on e articl e wa s teste d t o it s ultimat e loa d i n 
onl y on e desig n case ,  man y unknown s stil l  remained .  Whils t  credi t  wa s no t  give n (i n th e 
for m o f  a  reduce d factor )  fo r  conductin g a  test ,  a  debi t  migh t  b e mad e (i n th e for m o f  a n 
increase d factor )  i f  ther e wer e n o tes t  a t  all . 

Whils t  ther e wer e clearl y difference s i n view s regardin g th e rol e playe d b y th e facto r 
i n coverin g uncertaintie s i n loads ,  al l  authoritie s seeme d t o agre e tha t  th e facto r  wa s 
use d t o cove r  inaccuracie s i n structura l  analysi s unti l  th e test s wer e complete . 

The discussio n the n turne d t o th e difficult y o f  answerin g thi s questio n b y considerin g 
separat e aspect s whic h th e facto r  o f  safet y wa s intende d t o cover .  I t  wa s impossible ,  on e 
authorit y argued ,  t o cu t  th e 'cake '  int o suc h thi n slices ,  ascribin g on e slic e t o loads , 
anothe r  t o analysis ,  an d s o on . 

The 'cake '  coul d als o b e divide d no t  merel y int o specifi c  subjects ,  bu t  amongs t  thos e 
who fel t  entitle d t o a  share .  Thu s th e operato r  fel t  tha t  th e whol e o f  th e facto r  o f  safet y 
was t o cove r  hi s us e (o r  abuse )  o f  th e aircraft .  Th e stres s enginee r  believe d th e facto r 
was entirel y t o cove r  th e inadequacie s o f  hi s analysis ,  whils t  th e material s enginee r 
and th e productio n enginee r  ha d simila r  claims .  I t  wa s indee d a n unusua l  cake ,  whic h coul d 
satisf y al l  wh o fe d fro m it !  Th e authoritie s seeme d onl y to o willin g t o perpetuat e th e 
mystiqu e surroundin g th e facto r  b y allowin g eac h o f  th e partie s t o continu e i n hi s parti -
cula r  belief ,  an d b y no t  attemptin g t o apportio n th e facto r  t o differen t  aspects . 

3.2. 3 Deterioratio n i n Servic e (A.3c ) 

Whils t  al l  agree d tha t  material s suc h a s composites ,  whic h ha d a  seriou s environmen -
ta l  degradatio n problem ,  neede d specia l  attentio n t o cove r  deterioratio n i n service ,  ther e 
was som e uncertaint y whe n orthodo x material s wer e discussed . 

However ,  b y posin g th e questio n 'Ho w i s deterioratio n covere d i f  no t  b y th e facto r 
of  safety? '  th e genera l  consensu s wa s reache d tha t  th e facto r  wa s intende d fo r  thi s 
purpose ,  i.e .  i t  covere d unknow n o r  rando m deterioratio n i n service .  Onc e suc h deter -
ioratio n (e g corrosion )  wa s discovered ,  i t  wa s expecte d tha t  th e affecte d par t  woul d b e 
repaire d o r  replace d s o a s t o restor e th e origina l  strengt h withou t  relianc e o n th e 
factor . 

3.2. 4 Materia l  an d Productio n Variabilit y  (A.3d ) 

As fa r  a s productio n variabilit y  wa s concerned ,  ther e wa s genera l  agreemen t  tha t  th e 
facto r  o f  safet y containe d a n elemen t  fo r  thi s purpose .  Ther e was ,  however ,  a  provis o tha t 
ther e mus t  b e n o reductio n o f  qualit y assuranc e becaus e thi s elemen t  existed . 

Two authoritie s (on e no t  represente d a t  th e discussion )  believe d tha t  th e facto r 
shoul d als o cove r  materia l  variability ,  althoug h th e othe r  authoritie s hel d th e opinio n 
tha t  th e scatte r  i n materia l  propertie s wa s eliminate d withi n a n acceptabl e probabilit y 
by th e us e o f  'A '  an d 'B '  values . 
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The on e authorit y presen t  wh o wa s i n apparen t  disagreemen t  wit h thi s vie w modifie d 
hi s answe r  b y statin g tha t  th e facto r  shoul d cove r  materia l  deficiencie s onl y unti l  suc h 
tim e a s unti l  the y wer e discovered ,  whe n som e actio n shoul d b e taken .  Thi s polic y wa s i n 
keepin g wit h tha t  fo r  deterioratio n i n service ,  an d wa s generall y accepted . 

3. 3 I s ther e a  Specia l  Facto r  o f  Safet y differen t  t o thos e fo r  Norma l  Operatio n Conditions ? 
(Questio n A. 5 o f  questionnaire ) 

3.3. 1 Fail-Saf e Condition s (A.5c ) 

Afte r  som e discussion ,  thos e presen t  agree d tha t  th e facto r  shoul d b e a t  leas t  1. 0 
i n fail-saf e conditions ,  ie .  fo r  th e shor t  perio d betwee n failur e o f  a  componen t  an d it s 
discovery .  Severa l  authorities ,  notabl y German y an d th e UK ,  demande d a  facto r  o f  a t  leas t 
1.2 ,  whils t  tw o furthe r  authoritie s ha d no t  formulate d a  definit e requirement . 

3.3. 2 Battl e Damage (A.5d ) 

The proble m her e la y i n th e definitio n o f  'battl e damage 1,  whic h coul d encompas s 
everythin g fro m a  bulle t  hol e t o th e destructio n o f  th e aircraft .  Clearly ,  wher e th e 
damage wa s specified ,  a  facto r  wa s required .  A n alternativ e approac h wa s t o hav e reduce d 
servic e limit s afte r  damag e ha d bee n incurred . 

Where th e damag e wa s no t  specified ,  th e facto r  wa s irrelevant .  Th e lac k o f  a  defini -
tio n prompte d som e authoritite s t o clai m tha t  th e questio n wa s meaningless ,  an d t o cal l 
fo r  it s  deletion . 

However ,  al l  agree d tha t  i f  th e damag e wer e t o b e defined ,  th e condition s woul d 
be a n ultimat e on e fo r  a  brie f  perio d o f  fligh t  wit h restricte d manoeuvres ,  makin g th e 
facto r  1.0 . 

3. 4 I n wha t  wa y woul d th e Aspect s o f  Damage Toleranc e influenc e th e Facto r  o f  Safety ? 
(Questio n A. 6 o f  questionnaire ) 

One member  fel t  tha t  i t  wa s difficul t  t o tal k o f  a  facto r  i n thi s contex t  withou t 
specifyin g th e conditions .  H e fel t  tha t  th e questio n relate d onl y t o th e residua l  strengt h 
level . 

Anothe r  opimio n wa s tha t  damag e toleran t  desig n coul d no t  b e translate d int o a  singl e 
factor ,  sinc e thi s coul d b e anythin g betwee n 1. 0 an d 1.5 .  Th e applicatio n o f  Damage 
Toleran t  principle s di d no t  directl y affec t  th e facto r  o f  safety .  Ye t  anothe r  vie w wa s 
tha t  a  facto r  les s tha n 1. 0 wa s admissibl e i n th e cas e o f  readil y detectabl e damage . 

Ther e wa s thu s som e furthe r  clarificatio n neede d o f  thi s question . 
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4. 0 EVALUATION 

I n thi s chapte r  th e attemp t  ha s bee n mad e t o evaluat e th e answer s t o th e questionnair e 
i n th e sens e tha t  agreement s an d disagreement s ar e highlighte d an d -  wher e possibl e -
conclusion s ar e drawn . 

A. 1 

A. 2 

I t 
veh i 

seems t o b e genera l  custo m tha t  th e F.O.S .  t o b e applie d fo r  an y particula r 
lcl e ar e define d i n on e o r  tw o o f  th e followin g documents : 

-  Aircraf t  Specificatio n 

-  Syste m Specificatio n 

-  Militar y Desig n Requirement s 

Mainl y th e F.O.S .  ar e define d i n th e militar y regulation s whic h ar e applie d 

-  MIL-Spec' s i n Germany ,  Ital y an d U S 

-  AI R 2004/D ,  AI R 2004/ E i n France ,  German y 

-  Av.P .  97 0 i n UK ,  German y fo r  Rotar y win g A/ C 

The applicabl e regulation s ar e liste d i n th e answer s a s wel l  a s an y specia l 
certificatio n documents . 

I n th e regulation s generall y n o margi n i s give n betwee n th e desig n condition s 
and th e operationa l  conditions ,  bu t  th e operationa l  envelop e ha s t o b e covere d 
by th e desig n envelope . 

The relatio n fo r  load s exceptionall y state d i n th e Frenc h Nor m AI R 2004/ D i s 
not  containe d i n th e ne w issue(AI R 2  004/E).A s ye t  fo r  aircraf t  wit h activ e 
control s th e existin g requirement s ar e considere d t o b e adequate . 

A. 3 I n th e followin g char t  a  roug h surye y i s give n b y (+ )  markin g positiv e tendenc y 
and b y (- )  markin g negativ e tendenc y o f  answer . 

I t  ca n b e see n tha t  mos t  o f  th e answer s ar e i n agreemen t  wit h th e exceptio n o f 
par t  c  "Deterioratio n i n service" . 

A differentiate d consideratio n i s given : 

'  fo r  par t  a l  an d a 2 "Uncertaintie s i n load s du e t o operationa l  exceedance s 
of  desig n conditions "  (a1 )  fro m Ital y an d "uncertaintie s o f  loa d analysis " 
(a2 )  fro m Germany . 

fo r  par t  d  "Variabilit y  i n material "  fro m France . 

A. 3 I S TH E F.O.S .  INTENDED T O COVER: 

AH.OPERATIONAL EXCEEDANCES 
OF DESIG N CONDITIONS 

2.UNCERTAINTIE S I N LOADS 

B)  INACCURACIES I N 
STRUCTURAL ANALYSI S 

C)  DETERIORATION I N SERVIC E 

-  MATERIAL 
D)  VARIABILIT Y 

-  PRODUCTION 

E)  SPECIA L ADDITIONA L FACTORS 
FACTORS ON CASTINGS, 
FORGINGS,  ETC. 

FR 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

GE 

+ 

+ A 
-  A 

+ 
_ * 

+ 

-

+ 

+ 

M 

I T 

„  • 

+ • 

+ 

+ 

-

-

+ 

+ 

I  L  I  T 

UK 

+ 

+ 

+ 

+ 

-

+ 

+ 

A R  Y 

US A F 

+ 

+ 

+ 

+ 

-

+ 

+ 

US/AR 

+ 

+ 

+ 

-

— 

+ 

+ 

SH 

+ 

+ 

-

— 

— 

+ 

+ 

+)  mean s th e tendenc y o f  answe r  i s ye s —)  mean s th e tendenc y o f  answe r  i s n o 

* )  Afte r  completio n o f  complianc e tests . 
A)  Yes ,  i f  complicate d loa d cas e 

No ,  i f  simpl e loa d cas e 
D)  No ,  i f  resultin g fro m pilo t  handlin g 

Yes,  i f  derivin g fro m A/ C System s 
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A. 4 a )  T o thi s questio n th e answer s d o no t  sho w genera l  agreement : 
Si x answer s ou t  o f  seve n stat e tha t  n o additiona l  factor s ar e applie d t o 
cove r  dynami c effect s i n lie u o f  rationa l  analysi s (FR ,  GE,  IT ,  UK ,  USAF, 
SW),  fou r  o f  th e answer s expressin g tha t  analysi s and/o r  testin g hav e t o 
cove r  dynami c effect s (FR ,  IT ,  UK ,  US-AR) .  Onl y on e answe r  state s th e us e 
of  additiona l  factor s i n lie u o f  rationa l  analysi s (US-AR) . 

b)  I n particula r  case s a  dynami c facto r  i s applie d t o estimat e th e limi t  desig n 
load s i n lie u o f  rationa l  analysis : 

-  groun d load s (FR ,  GE,  UK) 

gus t  loads ,  (UK ) 
applyin g gus t  alleviatio n factor s 

ejectio n sea t  mounting s (UK ) 

dynami c overswin g (GE ) 
of  externa l  store s 

-  buffe t  load s (US ) 

installe d equipmen t  (SW) 

fo r  helicopter s severa l  factor s (US ) 

A. 5 Th e figure s derive d fro m th e answer s ar e give n i n th e followin g chart . 
I n genera l  th e value s o f  th e figure s agree .  Ther e ar e onl y sligh t 
difference s fo r  par t  (c )  "fai l  saf e conditions "  (F.O.S .  applie d betwee n 
1. 0 an d >  1.2) .  Fo r  par t  (d )  "Battl e damag e conditions "  th e philisoph y 
seems t o b e i n discussion . 

I n particula r  i t  ca n b e said : 

a)  Failure s durin g operation . 
I n genera l  specia l  F.O.S .  ar e no t  used ,  failure s o f  contro l  system , 
engin e etc .  ar e covere d b y desig n philosophy . 

I n Franc e an d Unite d Kingdo m a  lowe r  F.O.S .  ma y b e applie d whic h i s t o 
be agree d wit h th e authority . 

b)  Concernin g th e cras h landin g condition s i n th e regulation s th e load s 
ar e state d a s ultimat e loads .  Ther e ar e n o answer s give n fo r  othe r 
emergenc y landin g conditions ,  e .  g .  lif t  device s faile d etc . 

c)  I n fai l  saf e condition s residua l  strengt h requirement s ar e applied . 

The loa d leve l  i s  state d i n th e regulatio n applie d o r  wil l  b e state d 
by th e authority ;  th e value s var y fro m limi t  loa d (1.0 )  t o no t  les s 
tha n 1. 2 limi t  load . 

d)  Fo r  battl e damag e onl y a  fe w figure s ar e given . 

e,f )  Load s du e t o engin e surge ,  hammershoc k etc .  a s wel l  a s thos e fo r  bir d 
impac t  an d dis c burs t  ar e generall y considere d a s limi t  loads . 

A. 6 Th e answer s t o thi s questio n rang e fro m "n o influence "  t o "i n discussion " 
on t o th e statemen t  tha t  damag e toleranc e an d fractur e mechanic s concept s ten d 
t o lowe r  th e stres s level s an d thu s resul t  i n highe r  effectiv e F.O.S . 
That  mean s tha t  th e damag e toleranc e aspect s d o no t  influenc e th e F.O.S . 
directly . 

New requirement s ar e availabl e (USAF ,  MIL-A-83444 )  o r  ar e bein g drafte d (UK ) 
dealin g wit h crack s an d loa d levels.Th e loa d level s ar e simila r  t o fai l 
saf e conditions . 

A. 7 Normall y n o differen t  F.O.S .  ar e applie d independen t  o f  whethe r  th e 
loa d leve l  i s  limite d b y reliabl e mean s o r  define d o n th e basi s o f  experiences . 

A lowe r  F.O.S .  ca n b e accepte d i n specia l  cases : 

fo r  aircraf t  wit h particula r  characteristic s 

fo r  case s wher e i t  ca n b e prove n tha t  1. 5 time s limi t  loa d i s 
physicall y no t  achievabl e 

i n case s whic h ar e considere d "o n thei r  merits " 
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A. 5 D O YOU APPLY SPECIA L F.O.S .  DIFFERENT FROM THOSE FOR NORMAL OPERATIONAL CONDITIONS ? 

ALL FIGURES GIVE N ARE TOTAL VALUES OF F.O.S . 

CONDITIONS 

A)  FAILUR E DURING OPERATION 

B)  EMERGENCY LANDIN G 

C)  FAI L SAF E 

D)  BATTL E DAMAGE A 

E)  HAMMERSHOCK,  ENGINE SURGE 

F)  STRUCTURAL DAMAGE 
AS A  RESULT OF -  BIR D IMPACT 

-DIS C BURST 

FR 

x 
£ 1. 5 

1. 0 

1. 0 

NC 

1. 5 

1. 0 

1. 0 

GE 

1. 5 

1. 0 

1. 2 

DISC. 

1. 5 

1. 0 

1. 0 

M I  L  I  T  A 

I T U K 

1. 5 

1. 0 

NC 

DISC. 

1. 5 

-

< 1. 5 

1. 0 

> 1* 2 

1. 5 

1. 5 

1. 0 

1. 0 

R Y 

US A F 

1. 5 

1. 0 

>1. 0 

RS 

1. 5 

1. 0 

1. 0 

US/AR 

1. 5 

1. 0 

1. 0 

1. 0 

-

1. 0 

1. 0 

SN 

1. 5 

1. 0 

SD 

SD 

1. 5 

PS 

*  )  dependin g o n th e failur e probabilit y 

A )  onl y applicabl e i f  damag e i s define d 

SD =  treate d a s a  separet e desig n conditio n 

PS =  fo r  pilo t  safet y onl y 

RS =  residua l  strengt h requirement s 

NC =  no t  ye t  considere d 

DISC.  =  specia l  factor s i n discussio n 

A. 8 Th e answer s t o thi s questio n sho w genera l  agreemen t  i n statin g tha t  th e desig n 
spee d i s greate r  tha n th e operationa l  speed . 

The relationshi p betwee n bot h speed s i s define d i n differen t  ways : 

-  a  margi n t o b e chose n b y use r  (FR ) 

-  operationa l  speed s t o b e a  certai n amoun t  belo w th e desig n spee d (GE ,  UK) 

-  factor s t o b e applie d dependin g o n are a o f  proble m (USAF ,  US-AR ) 

-  limitin g speed s o r  desig n speed s chose n suc h tha t  thei r  exceedanc e seem s 
impossible . 
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A. 9 Ther e i s genera l  agreemen t  tha t  temperatur e effect s ar e accounte d fo r  b y 
reducin g th e strengt h value s o f  th e materia l  b y usin g approve d Handbook s 
and applyin g th e norma l  F.O.S.(wit h th e exceptio n o f  France) . 

That  means : 

-  Th e allowabl e mechanica l  strengt h value s o f  th e materia l  ar e reduce d t o th e 
temperatur e reache d i n servic e applyin g th e usua l  F.O.S . 

-  Th e therma l  stresse s ar e multiplie d b y th e usua l  proo f  an d ultimat e factors . 
Exceptionall y i n Franc e a  reduce d facto r  o f  1.2 5 i s applied . 

A.1 0 Th e procedur e varie s an d may b e summarize d a s follows : 

-  N o specia l  factor s fo r  prototype s an d experimenta l  vehicle s (FR ,  IT ) 

-  N o specia l  factor s ar e applied ,  i f  norma l  tes t  progra m i s followe d (UK ) 

-  Specia l  factor s may b e applie d 

•  i f  relianc e i s place d o n calculatio n onl y (UK ) 

•  t o verif y th e airfram e fo r  th e usuall y limite d usag e USAF) 

-  Fo r  experimenta l  A/ C specia l  factor s may b e applie d (GE ) 

-  Fo r  Prototype s th e reductio n o f  10 % du e t o manufacturin g tolerance s may 
be increase d t o 16 % (S W se e A.3 ) 

A.1 1 I n genera l  n o specia l  factor s ar e applie d t o th e inle t  o r  t o th e 
engin e ti e dow n points .  Onl y Swede n applie s a n extr a facto r  o f  1.1 5 t o th e 
engin e mounting . 

B.  Thre e answer s stat e "N o comment" .  Fo r  th e fou r  remainin g answer s th e 
followin g consideration s coverin g fligh t  safet y an d airworthines s a s a 
whol e may b e derived : 

-  Enduranc e an d confidenc e test s o n aircraf t  system s o r  specia l  item s 

-  Vibratio n testin g o f  IR-suppresso r  an d specia l  component s o f  th e 
A/C _equipmen t 

-  Securit y o f  fixin g door s an d panel s 

-  Protectio n wit h respec t  t o lightnin g strike ,  icing ,  exhaus t  gase s fro m 
weapons ,  turbin e disc s i n cas e o f  non-containmen t 

-  Safet y an d reliabilit y  analysi s an d demonstration s 

C 1  Th e presen t  concep t  an d th e value s o f  th e F.O.S .  ar e i n genera l  regarde d 
t o b e realisti c an d satisfactor y wit h th e followin g additiona l  remarks : 

-  Fo r  composit e part s additiona l  factor s may o r  mus t  b e use d t o cove r  th e 
influenc e o f  environmenta l  degradatio n an d manufacturin g variabilit y  (GE ) 

-  Th e presen t  concep t  i s t o b e complemente d wit h a n effectiv e durabilit y 
and damag e toleranc e progra m ,  becaus e thi s concep t  canno t  an d wa s no t 
intende d t o accoun t  fo r  hig h intensit y cycli c loadin g (USAF ) 

-  Presen t  concep t  coul d b e revise d followin g stat e o f  th e ar t  improvement s (IT ) 

-  A n internationa l  rationalisatio n o f  factor s i s timel y t o achiev e mor e unifor m 
standard s o f  safet y and ,  possibly ,  increase d operationa l  effectivenes s (UK ) 

-  Th e norma l  F.O.S .  o f  1. 5 i s no t  satisfactor y fo r  case s wher e load s i n exces s 
of  limi t  load s ca n hardl y b e produce d (SW) 
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• 

C. 2 Th e answer s sho w u p th e nee d fo r  a  serie s o f  theoretica l  an d experimenta l 
researc h t o clarif y uncertaintie s wit h respec t  t o F.O.S. : 

-  Improvemen t  o f  knowledg e abou t  fligh t  an d groun d loads ,  especiall y fo r 
unsymmetri c condition s (FR ) 

-  Th e structura l  i n servic e behaviou r  o f  ne w materials ,  especiall y advance d 
composite s (FR ) 

-  Ne w materia l  processin g (IT ,  US-AR ) 

-  Eac h participatin g natio n t o expres s th e overal l  safet y concep t  i n term s 
of  th e followin g breakdown :  (UK ) 

.  margi n betwee n releas e envelop e an d unfactore d desig n condition s 

•  margi n betwee n unfactore d desig n condition s an d factore d desig n 
condition s 

.  margi n betwee n th e weakes t  aircraf t  an d th e averag e on e 

-  Allowabl e deformatio n requirement s fo r  stabilit y  critica l  structur e sub -
jecte d t o exceedance s o f  limi t  loa d (USAF ) 

-  Requirement s fo r  primar y structure s subjecte d t o elevate d temperature s (USAF ) 

-  Establis h rationa l  variation s o f  F.O.S .  whe n th e spectru m o f  load s abov e 
limi t  loa d varie s (SW) 

C. 3 Non e o f  th e answer s i s i n favou r  o f  an y direc t  chang e t o th e presen t  concep t 
of  structura l  safety . 

On th e othe r  han d th e probabilisti c  method s i n general ,  an d th e PSD-method s 
especially,ar e regarde d t o b e a  valuabl e too l  fo r  fatigu e load s an d th e 
extrem e valu e approac h seem s suitabl e fo r  definin g stati c desig n loads . 

Befor e thinkin g o f  changin g th e presen t  largel y deterministi c approac h t o a 
probabilisti c  approac h mor e shoul d b e know n abou t 

-  invidua l  probabilitie s involve d an d thei r  combinatio n a t  extrem e value s i n 
smal l  sample s (UK ) 

-  ho w t o determin e th e appreciabl e amoun t  o f  dat a tha t  ha s t o g o int o probabilit y 
approac h (SW) 

-  practica l  operationa l  dat a wit h enoug h informatio n i n statistica l  for m fo r 
manoeuvr e loads ,  gus t  loads ,  runwa y roughnes s (GE ,  USAF) 

-  ne w technologie s whic h g o outsid e th e establishe d scop e o f  th e existin g 
deterministi c criteri a e .  g .  activ e contro l  (GE ) 

Rationa l  variatio n o f  th e F.O.S .  base d o n researc h -  a s alread y mentione d 
unde r  C 2 -  seem s t o b e a  preferabl e approach . 



REPORT DOCUMENTATION PAGE 

1. Recipient's Reference 2. Originator's Reference 

AGARD-R-677 

3. Further Reference 

ISBN 92-835-1390-8 

4. Security Classification 
of Document 

UNCLASSIFIED 

5. Originator Advisory Group for Aerospace Research and Development 
North Atlantic Treaty Organization 
7 rue Ancelle, 92200 Neuilly sur Seine, France 

6. Title FACTORS OF SAFETY RELATED TO STRUCTURAL INTEGRITY 

A Review of Data from Military Airworthiness Authorities 

7.Presented at 

8.Author(s)/Editor(s) 

10. Author's/Editor's Address 

9. Date 

June 1981 

11.Pages 

43 

12.Distribution Statement T M s d o c u m e nt i s distributed in accordance with AGARD 

policies and regulations, which are outlined on the 
Outside Back Covers of all AGARD publications. 

13. Key words/Descriptors 

Military aircraft 
Airworthiness 
Airframes 

Fuselages 
Safety engineering 
Aviation safety 

14.Abstract 

The concept of structural safety as presently applied by the military airworthiness authorities 
of the main NATO-Member-Countries has proven satisfactory, though being far from having a 
rational basis. v> 

Before this background, a Sub-Committee of SMP established a Questionnaire fsee-ehap-ter 4>r 

asking the military authorities for all numerical factors applied to ensure structural safety of 
aircraft. The answers given are condensed in chapteF-2-or*  this report, including the results of 
personal discussions between coordinators and nominated representatives of the authorities. 
The precis of the round table discussion as well as an evaluation of answers and discussion are a I 
included for reasons of completeness.- ^fj 4. ,— 

I -
From the evaluation it may be concluded that there exists a considerable amount of agreement 
with respect to the Factors of Safety and their application. On the other hand, some disagree-
ments and different interpretations have resulted. Thus this report forms a basis for discussing 
the disagreements in order to achieve a higher degree of conformity between the authorities of 
the NATO-Countries with regard to structural safety and reliability. 

This Report was sponsored by the Structures and Materials Panel of AGARD. 





AGARD Report No.677 
Advisory Group for Aerospace Research and 
Development, NATO 
FACTORS OF SAFETY RELATED TO STRUCTURAL 
INTEGRITY - A Review of Data from Military Air-
worthiness Authorities 
Published June 1981 
43 pages 

The concept of structural safety as presently applied by 
the military airworthiness authorities of the main 
NATO-Member-Countries has proven satisfactory, 
though being far from having a rational basis. 

Before this background, a Sub-Committee of SMP estab-
lished a Questionnaire (see chapter 1), asking the 

P.T.O. 

AGARD Report No.677 
Advisory Group for Aerospace Research and 
Development, NATO 
FACTORS OF SAFETY RELATED TO STRUCTURAL 
INTEGRITY - A Review of Data from Military Air-
worthiness Authorities 
Published June 1981 
43 pages 

The concept of structural safety as presently applied by 
the military airworthiness authorities of the main 
NATO-Member-Countries has proven satisfactory, 
though being far from having a rational basis. 

Before this background, a Sub-Committee of SMP estab-
lished a Questionnaire (see chapter 1), asking the 

P.T.O. 

AGARD-R-677 

Military aircraft 
Airworthiness 
Airframes 
Fuselages 
Safety engineering 
Aviation safety 

AGARD-R-677 

Military aircraft 
Airworthiness 
Airframes 
Fuselages 
Safety engineering 
Aviation safety 

AGARD Report No.677 
Advisory Group for Aerospace Research and 
Development, NATO 
FACTORS OF SAFETY RELATED TO STRUCTURAL 
INTEGRITY - A Review of Data from Military Air -
worthiness Authorities 
Published June 1981 
43 pages 

The concept of structural safety as presently applied by 
the military airworthiness authorities of the main 
NATO-Member-Countries has proven satisfactory, 
though being far from having a rational basis. 

Before this background, a Sub-Committee of SMP estab-
lished a Questionnaire (see chapter 1), asking the 

P.T.O. 

AGARD Report No.677 
Advisory Group for Aerospace Research and 
Development, NATO 
FACTORS OF SAFETY RELATED TO STRUCTURAL 
INTEGRITY - A Review of Data from Military Air-
worthiness Authorities 
Published June 1981 
43 pages 

The concept of structural safety as presently applied by 
the military airworthiness authorities of the main 
NATO-Member-Countries has proven satisfactory, 
though being far from having a rational basis. 

Before this background, a Sub-Committee of SMP estab-
lished a Questionnaire (see chapter 1), asking the 

P.T.O. 

AGARD-R-677 

Military aircraft 
Airworthiness 
Airframes 
Fuselages 
Safety engineering 
Aviation safety 

AGARD-R-677 

Military aircraft 
Airworthiness 
Airframes 
Fuselages 
Safety engineering 
Aviation safety 



military authorities for all numerical factors applied to ensure structural safety of air-
craft. The answers given are condensed in chapter 2 of this report, including the results 
of personal discussions between coordinators and nominated representatives of the 
authorities. The precis of the round table discussion as well as an evaluation of answers 
and discussion are included for reasons of completeness. 

From the evaluation it may be concluded that there exists a considerable amount of 
agreement with respect to the Factors of Safety and their application. On the other 
hand, some disagreements and different interpretations have resulted. Thus this report 
forms a basis for discussing the disagreements in order to achieve a higher degree of 
conformity between the authorities of the NATO-Countries with regard to structural 
safety and reliability. 

This Report was sponsored by the Structures and Materials Panel of AGARD. 

ISBN 92-835-1390-8 

military authorities for all numerical factors applied to ensure structural safety of air-
craft. The answers given are condensed in chapter 2 of this report, including the results 
of personal discussions between coordinators and nominated representatives of the 
authorities. The precis of the round table discussion as well as an evaluation of answers 
and discussion are included for reasons of completeness. 

From the evaluation it may be concluded that there exists a considerable amount of 
agreement with respect to the Factors of Safety and their application. On the other 
hand, some disagreements and different interpretations have resulted. Thus this report 
forms a basis for discussing the disagreements in order to achieve a higher degree of 
conformity between the authorities of the NATO-Countries with regard to structural 
safety and reliability. 

This Report was sponsored by the Structures and Materials Panel of AGARD. 

ISBN 92-835-1390-8 

military authorities for all numerical factors applied to ensure structural safety of air-
craft. The answers given are condensed in chapter 2 of this report, including the results 
of personal discussions between coordinators and nominated representatives of the 
authorities. The precis of the round table discussion as well as an evaluation of answers 
and discussion are included for reasons of completeness. 

From the evaluation it may be concluded that there exists a considerable amount of 
agreement with respect to the Factors of Safety and their application. On the other 
hand, some disagreements and different interpretations have resulted. Thus this report 
forms a basis for discussing the disagreements in order to achieve a higher degree of 
conformity between the authorities of the NATO-Countries with regard to structural 
safety and reliability. 

This Report was sponsored by the Structures and Materials Panel of AGARD. 

ISBN 92-835-1390-8 

military authorities for all numerical factors applied to ensure structural safety of air-
craft. The answers given are condensed in chapter 2 of this report, including the results 
of personal discussions between coordinators and nominated representatives of the 
authorities. The precis of the round table discussion as well as an evaluation of answers 
and discussion are included for reasons of completeness. 

From the evaluation it may be concluded that there exists a considerable amount of 
agreement with respect to the Factors of Safety and their application. On the other 
hand, some disagreements and different interpretations have resulted. Thus this report 
forms a basis for discussing the disagreements in order to achieve a higher degree of 
conformity between the authorities of the NATO-Countries with regard to structural 
safety and reliability. 

This Report was sponsored by the Structures and Materials Panel of AGARD. 

ISBN 92-835-1390-8 









NATO ^ OTAN 

7 RUE ANCELLE • 92200 NEUILLY-SUR-SEINE 

FRANCE 

Telephone 745.08.10 • Telex 610176 

DISTRIBUTION OF UNCLASSIFIED 

AGARD PUBLICATIONS 

AGARD does NOT hold stocks of AGARD publications at the above address for general distribution. Initial distribution of AGARD 
publications is made to AGARD Member Nations through the following National Distribution Centres. Further copies are sometimes 
available from these Centres, but if not may be purchased in Microfiche or Photocopy form from the Purchase Agencies listed below. 

NATIONAL DISTRIBUTION CENTRES 

BELGIUM 
Coordonnateur AGARD - VSL 
Etat-Major de la Force Aerienne 
Quartier Reine Elisabeth 
Rue d'Evere, 1140 Bruxelles 

CANADA 
Defence Science Information Services 
Department of National Defence 
Ottawa, Ontario Kl A OK2 

DENMARK 
Danish Defence Research Board 
Osterbrogades Kaserne 
Copenhagen 0 

FRANCE 
O.N.E.R.A. (Direction) 
29 Avenue de la Division Leclerc 
92320 Chatillon sous Bagneux 

GERMANY 
Fachinformationszentrum Energie, 
Physik, Mathematik GmbH 
Kernforschungszentrum 
D-7514 Eggenstein-Leopoldshafen 2 

GREECE 
Hellenic Air Force General Staff 
Research and Development Directorate 
Holargos, Athens 

ICELAND 
Director of Aviation 
c/o Flugrad 
Reykjavik 

ITAL Y 
Aeronautica Militare 
Uffici o del Delegato Nazionale all'AGARD 
3, Piazzale Adenauer 
Roma/EUR 

LUXEMBOURG 
See Belgium 

NETHERLANDS 
Netherlands Delegation to AGARD 
National Aerospace Laboratory, NLR 
P.O. Box 126 
2600 A.C. Delft 

NORWAY 
Norwegian Defence Research Establishment 
Main Library 
P.O. Box 25 
N-2007 Kjeller 

PORTUGAL 
DireccJo do Servico de Material 
da Forca Aerea 
Rua da Escola Politecnica 42 
Lisboa 
Attn: AGARD National Delegate 

TURKEY 
Department of Research and Development (ARGE) 
Ministry of National Defence, Ankara 

UNITED KINGDOM 
Defence Research Information Centre 
Station Square House 
St. Mary Cray 
Orpington, Kent BR5 3RE 

UNITED STATES 
National Aeronautics and Space Administration (NASA) 
Langley Field, Virginia 23365 
Attn: Report Distribution and Storage Unit 

THE UNITED STATES NATIONAL DISTRIBUTION CENTRE (NASA) DOES NOT HOLD 
STOCKS OF AGARD PUBLICATIONS, AND APPLICATIONS FOR COPIES SHOULD BE MADE 

DIRECT TO THE NATIONAL TECHNICAL INFORMATION SERVICE (NTIS) AT THE ADDRESS BELOW. 

Microfiche or Photocopy 

National Technical 
Information Service (NTIS) 
5285 Port Royal Road 
Springfield 
Virginia 22161, USA 

PURCHASE AGENCIES 

Microfiche 

Space Documentation Service 
European Space Agency 
10, rue Mario Nikis 
75015 Paris, France 

Microfiche 

Technology Reports 
Centre (DTI) 
Station Square House 
St. Mary Cray 
Orpington, Kent BR5 3RF 
England 

Requests for microfiche or photocopies of AGARD documents should include the AGARD serial number, tide, author or editor, and 
publication date. Requests to NTIS should include the NASA accession report number. Full bibliographical references and abstracts 

of AGARD publications are given in the following journals: 

Scientific and Technical Aerospace Reports (STAR) 
published by NASA Scientific and Technical 
Information Facility 
Post Office Box 8757 
Baltimore/Washington International Airport 
Maryland 21240; USA 

Government Reports Announcements (GRA) 
published by the National Technical 
Information Services, Springfield 
Virginia 22161, USA 

$ 
Printed by Technical Editing and Reproduction Ltd 

Harford House, 7-9 Charlotte St, London W1PIHD 

ISBN 92-835-1390-8 


