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S U M M A R Y  

The present r epor t  has been prepared for the bene f i t  of the  NATO MilitaIy 
Committee by t h e  Netherlands National Aerospace Laboratory on behalf of the 
S t ruc tures  and Materials Panel of ACARD. 

This document is the r e s u l t  of a study conducted by ACARD on the top ic  
"Fatigue Level Control of Tac t ica l  Ai rcraf t "  which w a s  submitted by t h e .  
Mi l i ta ry  Committee t o  the ACARD S teer ing  Committee i n  September 1968. 

I n  t h i s  shor t  advisory r epor t  the  NATO Mi l i ta ry  Authorit ies w i l l  f i nd  
the  summarized v i e w s  of the ACARD S t ruc tures  and Materials Panel on the  
subjec t  and prec ise  recommendation8 f o r  fu r the r  cooperative ac t ion  within 
NATO. 

S O M M A I R E  

Le present rappor t  a dtd prepard pour le compte du Comite Mi l i t a i r e  
de l'(YIAN par l e  Laboratoire National Adrospatial des Pays-Bas a u  nom 
de la commission Struoturee e t  Matdriaux de 1'ACARD. 

Ce document es t  l e  r e s u l t a t  d'une dtude faite par 1'ACARD sur le  
s u j e t  "Contr8le du Niveau d'Endommagement en F'atigue des Avions Tactiques" 
qui avait dtd soumis par le Comitd Militaire 1'AGARD en Septenbre 1968. 

Les au to r i td s  m i l i t a i r e s  de 1'1YTAN trouveront dans ce cour t  rapport  
un resumd des yues sur la question de l a  commission St ruc tures  e t  
Matgriaux de 1'ACARD a i n s i  que des recommendations prdcises pour de 
fu tu res  ac t ions  en oeopdration l ' i n td r i eu r  de 1'OTAN. 

C O N T E N T S  

1. Conclusions and reccmmendations 
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3. Current prac t ices  and philosophies i n  monitoring the loads 
experienced by aircraft 
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1 . Conclusions and Reconmiendatipns 

- 1. For present-day combat o r  t a c t i c a l  a i r c r a f t  the monitoring of fa t igue  loads experienced i n  
service appears t o  be mandatory. 

The monitoring systems used at present measure and record movement parameters l i ke  the c.g. 
acceleration. 

The conversion of these  parameter records t o  s t ruc tu ra l  loads or s t r e s ses  may be d i f f i o u l t  
f o r  more complex a i r c r a f t ,  l i k e  those capable of var iab le  wing sweep and wise ranges of 
speed and store-carrying. 

Ver t ica l  0.8. acce lera t ion  reoords give l i t t l e  or no d i r e c t  information with regard tc the 
load experience of various a i r c r a f t  components suoh as empennage, landing gear and cont ro l  
surfaces. 

Recommendation 

It is recommended t h a t  e f f o r t s  t o  e s t ab l i sh  statistical r e l a t i o n s  between movement parameters 
and s t r u c t u r a l  loads should be promoted and coordinated. 

The monitoring of s t r a i n s  instead of c.6. acoeleration should be preferred i n  those oases, 
where no cons is ten t  ' relation between acce lera t ion  and s t r u c t u r a l  load oan be taken t o  ex is t .  
However, su f f i c i en t ly  simple and r e l i a b l e  s t r a i n  recording systems a r e  not ava i lab le  as yet. 

Recommendation 

Present e f f o r t s  i n  the  NATO oommunity t o  develop a simple s t r a i n  recording system should be 
promoted and ooordinated. 

- 2. 

A. 

4. 

3. 

Within the NATO countries with r e l a t i v e l y  large air forces,  well-establiehed techniques f o r  
fa t igue  l i f e  monitoring e x i s t ,  which a r e  a b p t e d  t o  t h e i r  spec i f i c  demands and problems. 
This s i t u a t i o n  does not ocour i n  the smaller NATO oountries. 

Recommendation 

It i s  therefore  recommended that those oountries whioh do not have a well-established 
procedure should coordinate t h e i r  e f f o r t s  t o  a r r i v e  at  a so lu t ion  whioh s u i t e  t h e i r  j o i n t  
requirements. 

2. Introduction 

It was suggested t o  the NAW Mil i ta ry  Committee a t  its meeting of 5 September 1968 that 
T a t i g u e  Load Monitoring of Tac t ica l  Aircraft" was a problem i n  need of study. 

The Netherlands Mili tary Authorit ies,  who made the suggestion, emphasized the importance of 
load monitoring espec ia l ly  with regard t o  a i r c r a f t  that a r e  used f o r  missions other than those 
they were designed for. 

The M i l i t a r y  Committee app0Ved the top ic  being submitted f o r  consideration by the AGARD 

The Chairmen of the Steering Committee brought the topio t o  the  a t t en t ion  of the AGARD 
National Delegates Board at  its 25th Meeting i n  September 9968. 
decided that the problem should be handled by the appropriate AGARD Panels and that a high 
p r i o r i t y  should be assigned t o  it. 

Steer ing  Cornnittee. 

The National Delegates Board 

It turned out that the  Struotures and Materials Panel was the bes t  qua l i f i ed  t o  dea l  with 
the subject. 
were made by delegates fran the United Kingdom and the  Netherlands a t  the 28th Meetin& of the 
S t ruc tures  and Materials Panel in April  1969. 
t o  make a compilation of the  opinions as regards solving the problem, held by various o f f i c i a l s  
i n  those NATO countries ac t ive ly  engaged i n  per t inent  researoh and development e f fo r t s .  
l ed  t o  a r epor t  oa l led  "Fatigue Load Monitoring of Tac t ica l  Airoraft",  issued as NLR Teobnical 
Report 69063 and presented by its author t o  the 29th Meeting of the  S t ruc tures  and Materials Panel. 

As a r e s u l t  of ac t ions  taken by the Panel Chairman, introductory presentations 

The Netherlands delegation was given the t a sk  

This 

In  view of the obligation t o  repor t  back t o  Mi l i ta ry  Authorit ies i t  was decided that a repor t  
had t o  be wr i t ten  expressing the views of the Panel as a s ingle  body r a the r  than those of a number 
of individuals. 
Germany, Netherlands, United Kingdom and United S ta t e s  of America) were requested t o  prepare 
statements that could serve as the  bas i s  fo r  the Panel report. The Netherlands was assigned 
the t a sk  t o  assemble these statements i n t o  the present report. 

The representa t ives  of the nations most heavily involved (i.e. Canada, France, 
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3. Current Prac t ices  and Philosophies i n  Monitoring the  Loads Experienced by Ai rc ra f t  

The systems used presently within the NATO Community f o r  the establishment of the 
operational load experience of mi l i ta ry  a i r c r a f t  may be roughly divided i n t o  two groups: 

- 1. A l imited number of a i r c r a f t  of eaoh type a r e  equipped with r e l a t i v e l y  oomplioated 
monitoring equipment. 
with respect t o  th ree  axes, speed, a l t i t u d e ,  eto. 
f l i g h t  logs giving mission parameter data, a r e  evaluated i n  order t o  obtain representa t ive  
load spec t ra  per ta in ing  to each mission type or mission segment. The information obtained 
can be used t o  ca lcu la te  (on a s t a t i s t i o a l  base) the load experience of an indiv idua l  
a i r c r a f t ,  supposing i t s  mission usage is  h o r n .  

Moreover, the "mission speetra" a r e  used t o  define design load spec t ra  f o r  fu ture  a i r c r a f t .  

Either a high percentage or a l l  a i r c r a f t  of the f l e e t  a r e  equipped with a r e l a t i v e l y  
simple and inexpensive load monitoring device, a oounting accelerometer. 
read a f t e r  each f l i g h t  and the da t a  a r e  recorded together with information on the type of 
s o r t i e ,  take-off and fuel-weight etc. 
experience f o r  each a i r c r a f t .  
obtained. 

f a c t  that da ta  a r e  obtained on a much higher number of f l i gh t s .  

Although the  two techniques a re  presented here as separate and a l t e rna t ive  so lu t ions ,  

Parameters reoorded a r e  0.g. acce lera t ions  and angular v e l o c i t i e s  
The reoords obtained, together with 

, 
2. - 

This meter i s  

This information i s  processed t o  obtain the load 
Also from these records, average "mission spectra" oan be 

The r e l a t i v e l y  l imited sophis t ica t ion  of the measurements, and hence the 
I inaccuracy, compared t o  the techniques previously mentioned, may be compensated f o r  by the 

i n  prac t ice  they a re  often used in combination. This i s  done e.g. by the  USAF and the GAF. 

On the one hand, the va r i a t ion  i n  load experience among individual a i r c r a f t  of the same 
type i s  too la rge  t o  ca lcu la te  the load experience of individual a i r o r a f t  with s u f f i c i e n t  acouracy 
from the measurements of type 1 alone. 
measurements of type 2 alone is too l imi ted  t o  allow fa t igue  l i f e  ca lcu la t ions ,  espec ia l ly  
f o r  a i r c r a f t  where the weight, load d i s t r ibu t ion  and oonfiguration change oonsiderably during 
one f l i gh t .  

On the other hand the information obtained from 

The bas ic  advantage of the  load monitoring systems used nowadays is, that use oan be msde 
Moreover, the equipment can e a s i l y  of ava i lab le  recording equipment wi th  proven r e l i a b i l i t y o  

be mounted and i s  interchangeable from a i r o r a f t  t o  a i ro ra f t .  

The disadvantages, o r  r a the r  the problems 8sSOOiated with the present monitoring systems 
have t o  do with the ana lys i s  of the r e s u l t s  and the in t e rp re t a t ion  of the reoorded loads i n  
terms of fa t igue  damage. They w i l l  be disaussed i n  the next seotion. 

4. Measurement and Analysis Teohniaws 

The magnitude and complexity of the recording equipment f o r  the "type 1" measurements 
depends heavily on the  complexity of the epeoifio a i r o r a f t  type and the missions performed. 
For example, according t o  USAF experience, i n  one type of a i r c r a f t  i t  m a y  be su f f i c i en t  
t o  reoord only ve loc i ty ,  a l t i t u d e  and normal load factor.  
a t o t a l  of 24 parameters i s  being reoorded. 

On another,  current f i gh te r ,  however, 

Osoillograph recorders have been, and a r e  being used extensively. The records obtained 
requi re  manual processing t o  transoribe the data i n t o  8 medium su i t ab le  f o r  automatic processing 
on computers. 
magnetio tape reoorders. 

For t h i s  reason the oscil lograph recorders a r e  replaaed more and more by 

A s  mentioned previously, the load records obtained can be processed t o  obtain load spec t ra  
per ta in ing  t o  spec i f i c  mission types or mission segments. In order t o  ca lcu la te  fa t igue  
damage, these load spec t ra ,  expressed i n  "parameterPariationsqt,  have t o  be converted t a  
"stress-spectra", f o r  c r i t i c a l  loca t ions  of the a i r c r a f t  structure.  In o ther  words, the 
r e l a t ions  between the measured parameters and the s t r e s ses  i n  the a i r c r a f t  s t ruc tu re  have t o  
be h o r n .  

This information may be obtained from: 

8. Analytical  calculatione 

b. 

0. 

St ra in  measurements obtained i n  provions f l i g h t  load survey t e s t s  

Simultaneous measurement of "mwemenbparameters" and s k e i n  within the s h o t a r e  
(German A i r  Force). 



It w i l l  be c l e a r  from the previous l i n e s  t h a t  even i n  the case of f u l l y  automatic processing 
of the recorded da ta ,  the a n a l y s i s  of the recorded da ta  of type 1 measurements i s  a complicated 
matter,  f o r  which a r e l a t i v e l y  la rge  computer capacity and spec ia l ized  personnel with good 
judgement a r e  needed. 

In  order t o  ca lcu la te  fatigue damage from the accelerometer counts obtained i n  type 2 
measurements, the acce le rme te r  counts f o r  each f l i g h t  can be mul t ip l ied  by c e r t a i n  "weighing 
factors",  which account f o r  the average weight, speed and configuration during that spec i f io  
f l igh t .  ?he t o  fue l  consumption the  " s t r e s s  per gtl may vary considerably throughout one f l i gh t .  
In  t h a t  case, the acce lera t ion  speotrum per f l i g h t  has t o  be d i s t r ibu ted  s t a t i s t i c a l l y  over a 
number of f l i g h t  segments, each segment per ta in ing  t o  an  approximately constant " s t r e s s  per @;It - 
value. (German Fatigue Test Program) 

When the  s t r e s s  per g var i a t ion  i s  r e l a t i v e l y  small, which may be the  case with w i n g s  and 

(UK prac t ice)  

(According t o  Dutch experi?nce, t h i s  last assumption i s  ce r t a in ly  not t rue  f o r  peace-time 

fuselages of f igh te r s ,  simplifying assumptions can be made, f o r  example that the maneuver ao t i -  
v i t y  takes  place a t  half-mission weight. 

operations,  bu t  it might be t rue  f o r  war-time operations). 

The problems brought about by marked changes i n  load d i s t r ibu t ion  due t o  supersonic f l i g h t  
or w i n g  sweep pos i t ion  can be and a r e  being tackled by acoelerometers with more than one bank 
of counters which can be switched t o  read only i n  c e r t a i n  f l i g h t  regimes, e.g. a t  spec i f ied  
speed, Mach number or wing sweep angle. 

Obviously, t h i s  r e s u l t s  i n  more complex instrumentation systems f o r  type 2 measurements 
and more complex ana lys i s  problems. 

Yet i t  has t o  be recognised t h a t  still  accelerometer roadings provide l i t t l e  or no 
information with regard t o  the f a t igue  damage of s t r u c t u r a l  components whose loading condition 
i s  poorly or not a t  a l l  defined by the load fac tor ,  such a t a i lp l ane ,  f i n ,  undercarriage and 
con t ro l  surfaces. 

5. Problems and Needs 

I n  the previous sec t ions ,  cur ren t  prac t ices  and techniques f o r  the monitoring and ana lys i s  
of loads on aircraft were'discussed. 

During these discussions,  the major problems assoc ia ted  with the  present systems came forward. 
These problems may be summarized as follows: 

a. To define the  load environment of r e l a t i v e l y  complex aircraft (e.g. var iab le  sweep) with a 
wide range of s tore-conf igxa t ions  and miss ion-capabi l i t i es ,  the simultaneous measurement 
of many parameters may be necessary. 
t o  be processed may become very large. 

Due t o  \he la rge  s c a t t e r  i n  l o d  experience the "type 1" m?asurements a r e  inf iuf f ic ien t  f o r  
the  de f in i t i on  of fa t igue  load experience of individual a i r c r a f t .  These measurements 
have t o  be supplemented by accelerometer-counts on individual a i r c r a f t .  

Load f a c t o r  counts give l i t t l e  or no d i r e c t  information about the  load experience of 
severa l  aircraft components, such as empennage, undercarriage and cont ro l  surfaces. 

It w i l l  be obvious that the  seve r i ty  of these problems depends on the  spec i f i c  proper t iee  

The measuring equipment needed and the amount of da t a  

b. 

C. 

of the aircraft used and the  missions pcrformed by them. 

S t i l l  it can be s a i d  t h a t  the  problems mentioned have been recognized by a l l  pa r t i e s  
engaged i n  fa t igue  load monitoring, and severa l  Research and Development Pro jec ts  have been 
i n i t i a t e d  t o  tack le  them. 

In the  f i r s t  place,  attempts a r e  being made t o  assess the s t a t i s t i c a l  r e l a t ions  between 
movement parameters and s t r u c t u r a l  loads. The idea  may be i l l u s t r a t e d  by the following 
thoughts with regard t o  maneuver loads on the  v e r t i c a l  fin. 
e x i s t s  between c.g. v e r t i c a l  acce le ra t ion  and f i n  load. 
could be developed between f i n  load and a i r c r a f t  c.g. l a t e r a l  acce le ra t ion  and angular ro t a t ion  
about the  v e r t i c a l  axis. 

Apart from t h i s  one might even argue t h a t  r e l a t i v e l y  heavy fin-maneuver loads occur i n  

Obviously, no d i r e c t  r e l a t i o n  
Probably a s t a t i s t i c a l  r e l a t i o n  

f l i g h t s  which a r e  generally charaoterized by a severe maneuver a c t i v i t y  which i s  re f l ec t ed  by 
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the  cog. v e r t i c a l  accelerometer readings. 
s t a t i s t i c a l  co r re l a t ion  between cog. v e r t i c a l  acce le ra t ion  and f i n  maneuver loads can be 
derived. 

In  other words, i t  might be possible that a 

It i s  our opinion that a fu r the r  development of t h i s  statistical approach may give very 
usefu l  r e su l t s ;  
statistical evaluations should be promoted. 

the exchange of ideas  on t h i s  matter and the  exchange of r e s u l t s  of 

I n  the second place the  advantages of measuring d i r eo t ly  the  s t ruo tu ra l  loads, viz. s t r a i n s ,  
ins tead  of acce lera t ion  have been generally recognized. 
f e a s i b i l i t y  of a simple recording device that would monitor s t r a i n s  i n  one or more critical 
loca t ions  of the a i r c r a f t o  
device, comparable with the present counting accelerometer. 
propose a s l i g h t l y  more complicated system, using magnetic tape recording. 

Several groups a r e  inves t iga t ing  the  

The U.S. and French thinking goes out t o  a " s t r a in  countert1 
The Netherlands and the  U.K. 

The development of a simple and r e l i a b l e  s t r a i n  recording device has t o  be seen as a 
r e l a t i v e l y  long-term project. 

I n  the  meantime, the present ly  ava i lab le  systems may continue t o  "do the job" i n  many 
oases i n  the  future. 
recording system might o f f e r  a so lu t ion  f o r  many of the problems inherent i n  a system that 
uses  acce lera t ions  as a measure of loads, as discussed In the present report. 

However, it is  our conviction that the a v a i l a b i l i t y  of a simple s t r a i n  

Hence, we f e e l  that the  e f f o r t s  i n  the  NATO nations t o  develop a s t r a i n  recording system 
should be promoted and coordinated. 
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