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. 
.I AN INVESTIGATION OF THE EF!FECTS OF SURROUTDING 

STRUCTURE OM SONIC FATIGUE 
By Thomas F. Nelson 

Locklzeed-Georgia  Company 

SuNjNzaRy 

Four  different  sizes  of a basic  grid-like  skin-stringer  structure 
were  tested in sonic  fatigue in order  to  evaluate  the  effect  of  specimen 
complexity  on  sonic  fatigue  test  data.  Specimen  size  was  increased 
systematically  by  progressive  addition  of  panel  bays,  beginning with a 
single skin bay  and  adding up to forty-eight  similar skin bays  around  the 
centrally  located  reference  panel.  Random r m s  strain was the  control 
quanity in conducting  the  tests  and  the  primary  results  consisted of 
tVrenty-one  data  points  from  tests  of  the four  configurations  which are 
plotted in the  forrn of S-N curves.  Data points from  all  four  configurations 
correlate  well  with a single  computed S-N curve  for a = 4 within a 20$ 
stress  deviation  band. 

Strain  and  acceleration  data  are  included on specimen  frequency  and 
amplitude  response  to  both  discrete  frequency  and  random  acoustical  loading, 

INTRODUCTI016 

One of the basic  objectives of structural  scnic  fatigce  testing  is  to 
be  able  to  correlate  more  closely  the  laboratory  test  results  with  actual 
in-semice  performnce of aircraft. 

Usually  for  reasons of economy,  the  laboratory  tests  are run on small 
portions of the  aircraft  structure.  There is seldom  any  scaling  down or 
modeling  effect,  but  often  the  complexity of the  actxal.  aircraft  structure 
is  drastically  reduced. 

From a standpoint of obtaining  basic  sonic  fatigue  data that could  be 
used  by  the  designer  for  specific  applications, sane of  the  test  variables 
which  could  affect  these  data  are: 

 surround^ structure 
O temperature 
O manner of SPL loading  (discrete or random) 
O of edge  atta.cbments or clamps 

s Good simlation of all  of  these  variables  is &sired so thzt the 
laboratQry t e s t s  would  accuratefy  predict the tine, or  cycles,  to  failure 
and the  mode  of  failure. 



One  of  the  most  difficult  decisions  to  make in conducting  sonic  fatigue 
design  data  tests  is  how  extensive  should  the  structural  simulation  be  around 
the  test  specimens. In other  words,  can a s a l e  bay  of  complex  structure 
be  taken  as  the  test  specimen  and  bolted  to a rigid  support  frame, or are 
mltiple bays on each aide of the  test  bay required to more realistically 
simulate  the  aircraft  installation, 

This investigation has produced  experimental  data  which  assist in 
answering  this  question.  The  general  procedure  was to obtain  fatigue  life 
data  from  four  specimen  configurations  which  differed  only in the  extent of 
structure  surrounding a central  test  section. 

The structural  configurations  were  typical,  flat  skin-stringer  designs. 
Mended testing  was  conducted  on  four  configurations  to  provide  data  at 
two  or  more  strain  levels  for  each  configuration.  These  data  are  sunanarized 
in an S-N plot  of  strain  measured in the  failure  area;  the  edge  attachment 
of a skin bay. 

The  generally high degree  of  correlation  demonstrated by these.tests 
was  due in part  to  uniformity of failure  modes  where skin cracks  occurred 
around  the  edge  attachments  at  mid  span  of  the long edge of a skin bay. 
Symmetryabout a central skin bay  was  maintained in these  tests  and a 
verification  of  these  results  for  assymetrical panel construction  should  not 
be  assumed  on  the  basis  of  these  tests. 

Program  monitor for this  investigation  was Mr. Carl E. Rucker, 
NASA-Langley.  Laboratory  testing  was  done  by Mr. J. 0. Rasor, assisted  by Mr. Ken  Smith. Mr. J, €2. Carroll  was  responsible f o r  the  analytical  design 
considerations of Appendix A, The  latter  are  Lockheed-Georgia  personnel. 

SYMBOLS 

A 

a 
b 
B 
C 

d 
db 
ax 
E 
e 

f, fo 

distance from fastener  to  "heel" of stringer,  inches 
long  side of plate,  inches 
short  side of plate,  inches 
scan  filter  effective  band  width, zlz 

distance  from  neutral axis, inches 
fastener  diameter,  inches 
decibels,  with a reference of 0.0002 dynes/cm 
finite  area  strip  of  Rayleigh  probability  density  plot 
Young's modulus of elasticity,  psi 
statistical  error 
frequency, Hz 

2 

8 
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. 

c 

sound  pressure,   psi  

g r a v i t a t i o n a l   u n i t ,  3a6 in/sec 

panel  dimension  coefficient 

frequency,  cycles  per  second 

p la te   th ickness ,   inches  

flange  thickness,   inches 

radius  of  gyration,  inches 

2 

stress concentrat ion  factor ,  stress a t  concentration 
nominal s t r e s s  

beam o r   s t r i nge r   l eng th ,   i nches  

bending moment, inch-pounds 

number of stress c y c l e s   t o  failure (subscripts  added  in 
Appendix B) 

nmber  of  degrees of  freedom 

pounds per  square  inch 

R a y l e i g h   p r o b a b i l i t y   d e n s i t y   f o r   r a t i o  of  peak-to-rms stress 
power spectral   density,   (measured  quantity) /az 
panel  dimension  coefficient 

r e s i s t a n c e  end  capacitance time constant  

r c o t  mean square 

stress vs c y c l e s   t o   f a i l u r e  
sound pressure   l eve l ,  db 

stress, -psi  

fa8 tener  spacing,  inches 

d a t a  sample  length,  seconds 

load  densi ty ,   lb / in  

m a x i m u m  panel   def lec t ion  

mode shape 

rms stress, p s i ,  or s tandard   devia t ion  
microinches,  inches x 10 

2 

-6 

dsrr pinq ra t  i o ,  a c t u a l  damping 
c r i t i ca l  damping 

sound  pressure  spectral   densi ty ,   (psi)  /BZ 2 
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TEST SPECIMENS 

Basic  Design  Considerations 

To accomplish  the  purpose  of  this  test  program, two extremes i n  specimen 
s i z e  and complexity  were  selected. The l a r g e s t   s i z e  was a specimen w i t h  an  area 
of  about 6 f t  by 10 f t  containing  forty-nine  bays  of  the  basic  test  section. 
The simplest  specimen possible,  of t he  same type  s t ructure ,   consis ted of one hsy 
of sk in   r i ve t ed   t o  a simple,  rigid  support  fixture.  Various  other  specimen con- 
f igu ra t ions  between these two extremes were se lec ted   for   eva lua t ion .  

A typ ica l   a i rc raf t   sk in-s t r inger   type   s t ruc ture  was selected.  The connect- 
i ng  bays  of s t r u c t u r e  were s t r u c t u r a l l y  the same and the same s t r i n g e r  and r i n g  
c ross   sec t ion  w a s  used i n  a l l  specimens. The i n t e n t  was t o  keep a l l  specimen 
parameters  constant  except the extent  of  specimen  structure  surrounding,  or 
supporting, a cen t r a l   t e s t   s ec t ion .  

Four d i f fe ren t   conf igura t ions  of t e s t  specimens  were selected,   each  differ-  
ing   on ly   in   the   ex ten t  of similar structure   surrounding the  c e n t r a l   t e s t   s e c t i o n .  
The basic  test seot ion was considered  to be a f l a t   r ec t angu la r   sk in   pane l  sup- 
ported by s t r ingers   a long   the  two longitudinal  edges  and  heavier  rings  along  the 
transverse  edges,  Countersunh  rivets  attached the sk in   t o   t he   s t r i nge r s  and 
rings. The par t icular   dimensions,   mater ia ls   and  construct ion  detai ls  were in- 
tended t o  be typ ica l  of a i r c ra f t   sk in - s t r inge r   s t ruc tu re   sub jec t   t o   son ic   f a t igue .  
Each  of the four  specimen  configurations  differed  in the  number of similar sk in  
bays. A p a r t i c u l a r  specimen i s  iden t i f i ed   acco rd ing   t o   t he  number of sk in  bays. 

The basic   skin  panel   consis ted of a rec tangular   shee t  of 7075-T6 clad aluminum, 
O.G5@ inches  thick and  measuring 8 inches by 18 inches  between  attaching  r ivet  
l i nes .  The r i v e t s  were 5/32 inch  diameter,  countersunk  into  the  outside  surface 
of the skin,  The s t r i n g e r  and r i n g  members were the same f o r  a l l  configurations,  
except  €or  length which  depended on the  size  of  each  configuration,  Fabrication 
of t he   i n t e r sec t ion  of  t he   s t r i nge r s  and r i n g s   a t   t h e   f o u r   c o r n e r s  of  each  skin 
panel, or bay, was the  same f o r  a l l  supported  skin  panels  in  each  configuration, 

These  specimens were designed  using the  considerations  explained  in Appendix A. 
This Appendix contains a typ ica l  method for   ana lyz ing   s t ruc ture   for   Sonia   fa t igue .  
A de t a i l   desc r ip t ion  of  each  specimen  configuration  follows. 

Sinsr;le Bay Configuration - Consider ing  that   the   a i rcraf t   s t ructure   under  
consideration is a. continuous  pattern  of  skin  panels  supported by a g r i d  of 
support   s t ructure ,   the  most elementary  specimen would be a s i n g l e  bay skin  panel 
attached by the same type of at tachments   to  a r i g i d  test  fixture.   This  config- 
urat ion  re ta ined the  aircraf t   skin  panel   dimensions and  edge  attachment stress 
concent ra t ions ,   bu t   d id   no t   incorpora te   the   edge   r ig id i ty   o f   the   a i rc raf t   suppor t  
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structure.   For  this  purpose,  a panel   of   skin w a s  r i v e t e d   t o  a 0.75 inch   t h i ck  
s tee l  p la te   wi th  a cutout   for   the  skin  panel .  The same type  of rivets were  used 
as for   the  other   configurat ions.  A sketch  of  the  specimen  and  support  fixture 
is shown i n   F i g u r e  1, 

Mine Bar Configuration - Nine skin  bays  in  a three-by-three  arrangement  are 
included,  supported  by a gr id   o f   s t r ingers   and   r ings .   This   resu l ted   in  one bas i c  
test sect ion,   or   one  skin bay, i s o l a t e d  from  any effects of f ix tu re   suppor t  by  one 
o ther   sk in   bay   in  a l l  directions.   This  configuration is  shown i n   F i g u r e  2. As 
f o r   a l l   c o n f i g u r a t i o n s ,   t h e  test bay w a s  8 x 18 inches  between  attachment  lines. 
The surrounding  bays were smaller in   o rder   tha t   the   response   f requency  o f  t h e  
surrounding  bays  be  different from tha t   o f   t he   cen te r  bay. Fa i lu re  w a s  desired 
i n   t h e   c e n t e r  bay, no t   in   the   ou ter   edges   o f   the  specimen. In   addi t ion ,   the  
a t tachments   through  the  skin  in   the  outer   bays were not  countersunk,  to  decrease 
the chance of a sk in   c rack   ou ts ide   the  test sec t ion .   Subs t ruc ture   de ta i l s  are 
shown in   F igure  3. 

Twenty-five Eiay Configuration - This  design  contained  twenty-five  skin  bays 
w i t h  the   cen t ra l   bay   separa ted  from the   suppor t   f i x tu re  by two bays i n  a l l  
direct ions.  The ou te r  bays  which t i e d   i n t o   t h e   s u p p o r t   f i x t u r e  were smaller  than 
the  others,   and  did  not  contain  countersunk  r ivets.   See  Figure 4 f o r  a sketch  of  
t h i s  configuration. 

Forty-nine Bag Configuration - This w a s  t h e  largest specimen tested  measuring 
abou t   f i ve   f ee t  by ten feet and  containing  forty-nine  skin bays. This  design  had 
three other  bays  separating  the  center  bay from the   suppor t   f ix ture .  A doubler 
shee t  w a s  ins ta l led   over   the   ou ts ide   sk in   bays   to   re inforce   the   sk in  a t  the  support  
f i x tu re   t i e - in .  A sketch of th i s   conf igura t ion  is  included as Figure 5. 

F a c i l i t y  and  Equipment 

A progressive wave type test  chamber was used f o r   t h e s e  tests. The  chamber 
dimensions a t  t h e  test sec t ion  were six feet in   he igh t ,   t en  feet  in   l ength   and  
four teen   inches   in  width. The f l a t  specimen  formed  one s i d e   o f   t h e  chamber with 
plywoorl panels  used  to f i l l  i n   t h e  area around  the  specimens. The oppos i te   s ide  
of the chamber w a s  formed by steel  doors. Sound w a s  introduced a t  one  end of  t h e  
chamber through two ro'ds of six exponential  horns from twelve  electro-pneumatic 
noise  transducers.  A t  the o the r  end  of  the wave chamber was a s ingle   horn  which 
expanded i n t o  a muffler  tunnel. A photograph of t h i s  tes t  chamber is included 
as Pigure 6 .  Heavy, movable beams spanning  the specimen s ide   o f   the  chamber 
ho r i zon ta l ly  and v e r t i c a l l y  were used to   suppor t   t he  smaller specimen  support 
f ixtures .  Specimens were posi t ioned  such  that   the   center  was located  between 
about two t o   f i v e  feet downstream  from the  upstream  edge  of  the test sect ion.  A 
s i n g l e   l a y e r  of c lo th   t ape  was used t o   s e p a r a t e  a l l  specimens  from  the  surface of 
the   f ix tures .   This  was done to   avoid  a f a i l u r e  due t o  f r ic t ion   o r   cor ros ion   be t -  
ween t h e  aluminum specimen  and steel support. A forty-nine  bay  specimen is  shown 
i n s t a l l e d   i n   t h e   t e s t  chamber in   F igu re  7+ 
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The usable  frequency  range of t h e  wave chamber fac i l i ty  f o r   f a t i g u e   t e s t i n g  
is from 60 Hz t o  1000 Hz. Maximum SPL capaci ty  is 164 db in   the   range   of  100 Hz 
t o  500 Hz. Tota l   acous t ica l  power ava i l ab le  is  48,000 watts. 

Description  of Test Setups 

Single  Bag Confimrat ion - The support   f ixture   and specimen f o r  t h i s  config- 
urat ion are almost  integral  and  the  mounting of the  simple sheet specimen has been 
previously  described. The steel  p l a t e   f i x t u r e  had  two cutouts so t h a t  two speci-  
mens could   be   t es ted   a t   the  same time. A ske tch   o f   t h i s   f i x tu re   i a  shown i n  
Figwre 1. The suppor t   f ix ture  was bolted a t  top and  bottom t o   t h e   s i d e  of the 
wave chamber. 

Microphones were suspended by bungee  cord in  front  of  each  specimen  and 
located midway between the  specimen  and the opposing chamber wall. Between  one 
and  four  specimens  were  tested  together  during t h i s  program, therefore ,  the pa t t e rn  
of microphone locat ions was changeable. These loca t ions   a re  shown in   F igure  0. 
The microphones were t h e  condenser  type w i t h  a usable SPL range  of from 05 db t o  
185 ab  and a frequency  range of 10 Hz t o  4000 Hz. Overa31 SPL readout  accuracy 
within 21.5 db. The microphones were non-directional  and  were  positioned  verti- 
a a l l y   i n  the wave chamber. Figure 9 i s  a photograph  of the microphones in   p l ace  
f o r  a test  of a twenty-five  bay  specimen. 

Strain  gage  locat ions were coordinated  for a l l  configurat ions.   Since  s t ra in  
was t h e   c r i t e r i a   f o r   s e t t i n g   t h e  sound pressure   l eve l  (SPL) for   each  test, gage 
locat ions had t o  be  comparable  between  specimens, i f  r e s u l t s  were t o  be  comparabb. 
The first specimen carr ied  e ight   gages and the following  twelve  specimens, a t  
least  four  each. The par t icular   gages  for   each specimen a r e   c a l l e d   o u t  i n  t he  
p l o t s  and t a b l e s   i n  the test r e s u l t s   s e c t i o n  of this   report .   Figures  10 and 11 
show the  gage  locat ions  appl icable   to   any specimen. For this   configurat ion,   gage 
locat ions 2, 2A and 6 were  above  the  edge  of t he  c u t o u t   i n   t h e   s t e e l   p l a t e  and 
locat ions 3 and 4 were i n   t h e   c e n t e r  of t he  bay. The s t ra in   gages  were the  
Constantan wire gr id   type which were bonded wi th  Epoxy adhes ive   to  t h e  specimen. 

Nine Bag Confipuration - Each  specimen  panel was fas tened   to  a s t e e l  “p’iotzlre 
frame“ f i x t u r e  by a double row of screws  through the sk in  and  angle  clips R f  the 
ends  of  each s t r i n g e r  and ring. 411 screws were the protruding  head  type 1.1, order 
to  reduce  the  chance  of fa i lure  around  the  outside  edge of t h e  specimen. A sketch 
of the  specimen mounted in   t he   suppor t   f i x tu re  i s  included as Figure 12. 

The suppor t   f ix ture  was bol ted  to   the  support  beams in   t he   s ide   o f   t he  wave 
chamber with the   l ong   s ide  of t h e  specimen  horizontal. 

Microphone loca t ions   a re  shown in   F igure  8, and s t r a in   gage   l ooa t ions   i n  
Figure 10. The gage loca t ions   s e l ec t ed   fo r  each  specimen are l i s t e d   i n   t h e  
r e su l t s   s ec t ion   o f  t h i s  report.  Accelerometer  locations  are shown in   F igu re  13. * 
The accelerometers were the  piezo-electric  type,  weighing 2.8 grama and wi th  a 
usable  frequency  range  of 2 t o  5000 Hz. 
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Twenty-five Bay Gonfiquration - The ins t , a l l e t ion   o f   t h i s  specimen in t h e  tes t  
chamber was similar t o   t h a t  of t he   n ine  bay  specimen. A sketch  of   the su;lport 
f i x t u r e  i s  shos;n fn  Figure 14. 

KicropkLone loca t ions  were the  same as f o r   t h e  nirie tay conflguratint:;  one 
microphone in   f ron t   o f   each   t h ree   cen t r a l   sk in  bays. A t  least e ight   o f   the   s tan-  
dard   s t ra in   gage   loca t ions  were selected for   each  sgecimer., including  the  primary 
gage locat ions  of   Figure 11, Accelerometers w e r e  mounted i n   t h e  first four   s tan-  
dard   loca t ions  of Figure 1 3  f o r  a low level random survey. 

Forty-nine Bay Confi--ration - This  confi ,aration was considered t oo  l a r g e   t o  
be  supported  by a one  piece  picture   f rame  f ixture .  Four separa te  s teel  members 
were b o l t e d   t o   t k e   f o u r   s i d e s   o f   t h e  t e s t  chamber  and t t e  specimen  then  attached 
t o   t h e   s u p p o r t  mezbers. Figures  8 and 15 show t h e  tes t  setup. 

Four microphones were positior,ed as shorn   i n   F igme  8, The first specimen 
car r ied   e iqkteen  gage locat ions  an3 ti?e remaining t.*ro specimens, e i g h t  gaee 
locations.  

Six  accelerometers  were mouEted on t h e  specimens to   r eco rd   r e sponse   t o  
random loadinr .  The loca t ions  are shorn: i n   F i g u r e  13, 

Outline  of  Surveys 

Befo re   s t a r t i ng   t he  l i f e  test ( f a t igue  test t o   f a i l u r e )  of  8 sgecimen, a 
number o f  frequency  response  surveys were condccted,  Since  the l i f e  test  was 
conrlucted  by  concentrating  the  available  acoustical  power around  the  desired 
specimezl response  frequency, i t  was necessary  to   determine  these  resonant  fre- 
quencies  and  define  the  corresFonding modes of   def lec t ion .  

The order  of these  surveys w a s  as follows: 

o sinusoidal  frequency  response 

o mode shape  survey 

o accelerometer  survey - random exc i t a t ion  

Sinusoidal  frequency  survey - This  survey w a s  conducted  by slowly sweeping 
the  frequency of t h e  SPL from  about 70 Hz t o  500 Hz. The SFL is held f a i r ly  
cons t ap t   du r ing   t h i s  sweep in   o rder   to   de te rmine   the   re la t ive   magni tude  of each 
specimen  resonance.  The  frequency  of  the SPL increased a t  t he  rate of twice pe r  
octave. The output  of a l l  of  the  microphones were r e c t i f i e d   t o  a direct  cur ren t  
signa1,averaged  together,and  used as the  feedback  in  the  closed-loop SPL cont ro l  
c i r cu i t .  The  two p lo t s  of SPL vs  frequency i n   F i g u r e  16  are ty-pical o f  the  acous- 
t i ca l   l oad ing   du r ing   t h i s   t ype   o f   su rvey .  
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The SPL was s e l e c t e d   t o  be high enough t o   f u l l y   e x c i t e  each  specimen,  but  not 
t o   app ly   s ign i f i can t  damage. 

I S t r a i n  and SPL were recorded on magnetic  tape. The frequency  of  the SPL 
function  generator was a l so   recorded   for   l a te r   use   as   the   d r iv ing   s igna l  of the 
frequency  axis of an X-Y p lo t t e r .  An i n i t i a l   v o l t a g e   c a l i b r a t i o n  signal was 
recorded  before  each sweep for   ca l ibra t ion   of   the   p lo t   o rd ina te .  

? 

I 
” - The deflection  patterns  of  each  specimen, a t  s i g n i f i c a n t  

r e s o k %  ~ ~ ~ ~ ~ e % T ~ ~  were v i sua l ly  observed. The specimens  were i n s t a l l e d   i n  
t h e  test chamber and discrete   f requency  acoust ical   loading was used to   exc i t e   t he  
specimens. A st robe  l ight ,   synchronized by the SPL function  generator,  was used 
i n  t h e  darkened room t o  observe the de f l ec t ion  modes. 

Since  observers  with  ear  protectors were i n   t h e  room near  the wave chamber, 
t h e  SPL was usually  kept down t o  about l j O  db. 

Accelerometer  survey  under random loadin&: - This  survey  produced  specimen 
deflection  data  under random exc i t a t ion  which could  not  be  observed  visually. 
Accelerometers  were  gluea to   the   sk in   sur face   wi th  a br i t t l e ,   qu ick   d ry ing ,  cement 
for   easy  removal a f te r  the  survey. 

With the r e su l t s   o f  the frequency  response  and mode shape  surveys,  the  spec- 
trum shape  of  the random a c o u s t i c a l   l o a d i n g   f o r   t h e   l i f e  test c m l d  be  determined. 
The specimen was then  excited  under l i f e  test conditions  except  that   the SPL was 
reduced t o  keep  the  accelerometers on the  specimen. 

This  survey  lasted  only  long enough to   record  the  output  from the  acceler-  
ometers on magnetic  tape. 

S ince   th i s   da ta  was  random in  amplitude,   presentation is i n   t h e  form  of 
power spec t r a l   dens i ty  (PSD) plots.  The narrow band spectrum  level  reduction 
process i s  fur ther   expla ined   in   the  L i f e  Test Resul ts   sect ion of t h i s   r epor t .  

I n i t i a l  Surveys 

Single Bay Oonfiguration - Typical   p lots  of frequency  response t o  s inusoidal  
exc i ta t ion   a re   inc luded   in   F igure  17. Two gages on t h e  first of t h i r t e e n  specimens 
of  t h i s  configuration were selected €or  presentation. The first bending mode 
produced s ign i f i can t ly   h ighe r   s t r a ins   i n   t he   t r ansve r se  gages. 

The first f i v e  bending modes occurred a t  167, 220, 285, 383 and 506 Hz. All 
had mode l i n e s   p a r a l l e l  t o  r ings  running  across   the  t ransverse  direct ion of t he  
skin  panel. The definit ion  of  these  panel modes was much a l ea re r   t han   fo r   t he  
multi-bay  Specimens. 
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Accelerometers were not  used on th i s   conf igura t ion   s ince   there  were no 
support ing  s t r ingers   or   adjacent   skin  bays,  The deflection  survey  under random 
e x c i t a t i o n  was intended  primarily  for  multi-bay  specimens. 

Nine Bay Configuration - Frequency  response a t  four   se lec ted  gages loca t ions  
are presented  for   this   configurat ion.   These  plots  are Figures 18 and 19. This one 
a l so   exhib i ted   on ly  one s ign i f i can t   s t r a in   r e sponse .  The mode shape for t h i s  
response i s  shown in   F igu re  20  and  labeled as t h e  l i f e  test mode, Torsion  of  the 
s t r i n g e r s  was very  noticeable,   howeveqthe  heavier  r ings had very l i t t l e  motion a t  
any  resonance. 

Accelerometer PSI) p l o t s  are included as Figure 21. These   p lo ts   ind ica te   very  
l i t t l e  motion a t  the   s t r i nge r - r ing   i n t e r sec t ion  a8 compared wi th   tha t  a t  one-third 
t h e  s t r inger   span   a long   the   cen ter   sk in  bay. 

Twenty-five Bag Configuration - S i x   s t r a i n  gage plots  of  specimen  frequency 
response are presented as Figure 22 and 23, This   configurat ion  exhibi ted  the 
first evidence  of a number of  predominate  strain  responses. The  peak s t r a i n s  of 
t he  gages measuring  t ransverse  s t ra in  were almost  the same i n  amplitude,   Stringer 
bending  s t ra ins  were s i g n i f i c a n t   i n  th i s  config-uration  (gage  location 16), with 
peak s t r a i n s   o f  170 p i n / i n   a t  l7O Xz. 

The predominate mode shapes  detectable  w i t h  a s t r o b e   l i g h t  are shown i n  
Figure 24. The l i f e  test mode with $he center  bays  in  phase  produced  the  highest  
s t r a i n  a t  the  edges of t he   sk in  beys, The second  bending mode of   the  center   bay 
w a s  wittiin 20 Hz of   that   for   the  preceeding  configurat ions.  

Figures 25  and 26 are PSD plots  of  accelerometer  outputs  under random exci- 
t a t ion ,  The de f l ec t ions  a t  the s t r i n g e r - r i n g   i n t e r s e c t i o n s  of t h e   c e n t e r   s k i n  
bay were greater than  for   the  preceeding  nine  bay  configurat ion.   Probabi l i ty  
dens i ty   ana lys i s   o f   acce le ra t ion   s igna ls   ind ica te  good approximation of Gaussian 
random cha rac t e r i s t i c s .  

Forty-nine Bay Configuration - St ra in   r e sponse   t o  a discrete   f requency sweep 
is  shown in   F igu res  27 through 29. Mult iple   peaks  of   s t ra in   response are more 
evident  than  for  previous  configurations.  A larger number of  bays r e s u l t  i n  more 
combinations of intra-bay  resonances, 

The mode shapes  determined by s t robe   l i gh t ,   ske t ched   i n   F igu re  30, i nd ica t e  a 
number of overa l l   pane l   def lec t ion  modes a t  low frequencies, The frequencies 
which  induced  individual  skin  panel  deflection were s e l e c t e d   f o r   t h e  l i f e  test to 
be cons is tan t   wi th   the  l i f e  test conditions  of  previous  configurations, The higher 
modes which  involved  individual  bays were v e r y   d i f f i c u l t   t o   d e f i n e  on a panel  of 
th i s   s ize ,   Phas ing  of de f l ec t ion  changed  with  only a s l i g h t  change of frequency 
(above 100 Hz) i n d i c a t i n g  numerous combinations of sk in  bay  motion, o r  phasir,g. 

a 
Accelerometer   da ta   a re   show  in   F igures  31 through 33 ,  P1ot.s o f  p robab i l i t y  

densi ty   indicated good randomness  (Gaussian). 
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Life  Tes t   Resul t s  

Fo l lowing   t he   i n i t i a l  s t r a i n  and  deflection mode surveys,  each  specimen was 
f a t igue   t e s t ed   t o   f a i lu re .   (Seve ra l   s ing le  bay  specimens were removed without 
fa i lure  af ter  a reasonable  length  of time). L i f e  t e s t i n g  was done using random 
acoustical   loading. A r e l a t i v e l y  f l a t  spectrum level,  about 100 Hz wide, was 
centered  about  the  major  response  frequency of  each  specimen.  This  allowed 
a concentrat ion  of   avai lable   acoust ical  power t o   o b t a i n  a h i g h   s t r a i n   l e v e l  i n  
t h e  speaimen. 

The  specimens were in spec ted   fo r   f a i lu re   u s ing  dye   pene t ran t   to   de tec t  
cracks. The inspect ion  schedule  was once every ha l f  hour,  up to   th ree   hours ,  
then  once  every  hour. 

Data recorded were output   vol tages  from  microphones  and s t r a i n  gages.  This 
data  was recorded on magnetic  tape  and  read  using  true rms meters. The tape  record- 
i n g  was  made a t   t h e  start of t h e  l i f e  test. Eeter   readings were made throughout 
the   dura t ion  of t he  test. Primary  signal  amplifiers were d i r ec t   cu r ren t ,   d i f f e r -  
ent ia l   type  with a frequency  range  of 0 t o  75 KHz. The magnetic  tape  recorder was 
operated a t  a tape   speed   resu l t ing   in  a cut-off  frequency  of 5OOG Hz. 

Random Data  Reducti.on - Reduction of the  taped  data  consisted  of narrow- 
band,  spectrum  level PSD p lo t s   o f   s t r a in  and SPL and  Gaussian  probabili ty  plots 
o f   s e l ec t ed   s t r a in  and SPL signals. 

The P3Ij p l o t s  were made usin.? a constant band  widtti analog  type  analyzer  with 
a l i n e a r   s c a n   f i l t e r  sweep rate .  A sample  of  data was recorded on a tape loop, 
which is the  data  sample  mentioned below. The purpose  of  the  plots is pr imari ly  
to  define  the  shape  of  the  response  spectrum. The cycles t o  f a i l u r e   f o r  each 
specimen waa computed using  the  frequency  of  specimen  strain  response  obtained 
from t h e   s t r a i n  PSD plots .  The square  root  of  the  area  under  the PSI) p l o t s  should 
approximate  the rms meter readings. 

The followinsf  data  reduction  cons  tan ts were employed : 

data  sample = 5 sec0nd.s 

analyzer time constant  ( R C )  = 5 seconds 

s c a n   f i l t e r   e f f e c t i v e  bandwidth = 6 Hz 

s c a n   r a t e  = 0.25 Hz/sec 

Using  the  standard  expression of N = 2BT f o r   s t a t i s t i c a l   d e g r e e s  of freedan, 
where : a 

N = number of  degrees D f  freedom 

3 = e f fec t ive  bandwidth  of  scan f i l t e r  

'7 = data  sampl e length 

d 

N - 2(6) (5)  = 60 d -  
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The s t a t i s t i c a l   e r r o r ,   e ,  of the 1?3D p lo t   read ing  from the  t rue  value ( w i t k t  
i n f in i t e   ana lyz inq  time) is expressed by: 

e 1 2  -1 ( reference 1, chapter 6) 
!( BT rl 

2 

The above  excression means t h a t   t h e  FGD p lo ts   a re   accura te   wi th in  Ala-35, 
with a confidence  level of  67%. The f a c t   t h a t  RC averaging is used w i l l  increase 
t h e  above  value o f  e t o  some degree  (about 4$), however the  corlt inuous  plot   result-  
i n g  from RC averaging is usua l ly  more readable  than a s e r i e s  of   po in ts   resu l t ing  
from true  averaqing. 

The p robab i l i t y   dens i ty   p lo t s  were made with a scan  time  of 32 minutes, from 
-4 (r t o  +4 0 , where u = rms value  of  the  overall  random signal .  The analyzer 
time constant w a s  3.6 seconds.  Each p l o t  w a s  ca l ibra ted   us ing   the  known dens i ty  
shape of a s inusoidal   s ignal .  

Single  Bag Confiquration - Wine specinens were t e s t e d   t o   f a i l u r e   a c d   f o u r  
were removed without failure. Acoustical  loadinq was ad jus ted   un t i l   the   des i red  
s t r a i n   l e v e l  w a s  read on the  most s e n s i t i v e  s t r a i n  gage  near  the  edge  of  the  panel. 
S ince   the  msximum s t r a i n s  would be  expected  along t t e  edge  of  the long s i d e  and 
s i n c e   t h i s  i s  the   a rea  where f a i l u r e  would be  expected, a gage w a s  used i n   t h i s  
a rea   for   the   cont ro l   s t ra in .  

A t-ypical  spectrum  plot  of  the  acoustical   loading  applied  during  any l i f e  
tes t  (except   for   spectrum  level)   of   this   propam is shown in   F igure  34. 

Four s t r a i n  PSD p l o t s  are included  to  show the   t yp ica l  random s t ra in   response  
of th i s   conf iqura t ion .   These   p lo ts   a re   F igures  35 and 36, 

The randomness of t h i s   s t r a i r t   s i g n a l  is ind ica t ed  by p robab i l i t y   dens i ty  
p lo ts .   S t ra in  gaqe no. 2 s ignal   indicated  posi t ive  Kurtosis   (peakedness)   with a 
peak a t  about 0 - 6  and gage no, 3, a f l a t t e n e d  peak a t  about 0.36. The bell-shaped 
curve  for  a pure random Gaussian  signal  has a peak a t  0.4 on t h e   d e n s i t y   s c a l e  
( reference 1, chapter 4). 

The ove ra l l  random s t r a i n   l e v e l s   f o r   t h e  l i f e  test of each  specimen are l i s t e d  
i n  Table I. The maximum edge s t r a i n   r e a d  on each  specimen w a s  considered  the test 
s t r a i n   l e v e l   i n   p l o t t i n g   t h e   r e s u l t s  on an  S-N p l o t  (stress vs number of  cycles). 
Results for t he  S-N da ta   po in ts   a re  shown in   Table  11. The r e l a t i o n s h i p   o f   s t r e s s  
t o   s t r a i n  is assumed to'  be: 

S t r e s s  = E x S t r a i n ;  

where E = Young's  modulus, o r  10 7 p s i  for aluminum 

and  S t ra in  = inches  per  inch x 10 -6 
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1 I S t r a i n  at Gage Location rkunber 

- 
4 

123 
80 
95 
83 
95 
66 

418 

_I 

* Spectrum l eve l  



Specimen 

1 
2 

3 
4 
5 
6 
7 
8 

9 
10 

11 
12 

13 

Si3JGI.E RAY CONFIGURATION - S-N DATA 

Time To 
Failure-Hr. 

1 

5 
7 
1.5 
6 
1 

3 
14 

19 
18 
18 
12 

12 

Cycles To 
First Crack 

0.65 X 10 6 

3.60 
4.67 
1.27 
4.32 
0.79 
2.27 
9.07 
No Failure 
130 Failure 
Xo Failure 
No Failure 

9- 07 
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Therefore, stress is  computed as ten  t imes  the measure'd s t r a i n   f o r   p l o t t i n g  
purpos e8 . 

Number of c y c l e s   t o   f a i l u r e ,  N,  as shown  on an S-N p l o t  was computed a s  
follows : 

N a ( tes t  time t o   f a i l u r e )  x ( l i f e  test strain  response  frequency) 

Nine Bag Configuration - Three  specimens  were  tested  to  failure  using the 
s t r a in   r ead ing  from gage l oca t ion  2 to   ad jus t   the   acous t ica l   loading .  A t a b l e  of 
t he  l i f e  test s t ra in   readings  follows with  the  e ight  gages on each  specimen  listed. 

TABLE I11 

N I N E  BAY CONFIGURATION - LIFE TEST  STRAIN  LEVXLS 

S t r a i n   a t  Gage Location Number 

Specimen 
Number  SPL* 1 2 3 4 5 6 11 12 16 17 

p i n / i n  rms 

1 142 db 382 431 328 359 309 304  336 480 

2 139  361 369  340 103 309 209 286 347 

1 3  I 139 1308 I 360 I 315 I 9 6 1  298 I 153 I I I 259 I 333 I 

* Spectrum l e v e l  

TABLE I V  

N I N E  BAY CONFIGURATION, S-N DATA 

Specimen S t r a i n  Time t o  Oycles To 
er  u in/in. rms Fai lure-hr   F i r s t  Crack 

1 

2 
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Power s p e c t r a l   d e n s i t y   p l o t s   o f   s t r a i n   s i g n a l s  from  specimen no. 2 are shown 
in   F igu res  37 and 38, As t h e  r m s  o v e r a l l   s t r a i n s   l i s t e d   i n   T a b l e  111 i nd ica t e ,  
the  spectrum  level  of gages 1, 2 and 3 are s i m i l a r   i n  magnitude.  This was t h e  
first configuration  to  have  stringers  spanning more than  one  skin bay. The bending 
s t r a i n s   i n   t h e   s t r i n g e r s  were noticeable,  compared t o   s k i n   s t r a i n s ,  However, 
f a i lu re   occu r red   i n   t he   sk in  a t  the   r ive t   a t tachment  stress concentration. 

I n i t i a l   f a i l u r e s   i n  a l l  three  specimens  consisted of sk in   c r acks   i n   t he  same 
area as f o r   t h e   s i n g l e  bay  configuration;  througii, or near,   at tachment  holes  in 
t h e  mid-span area  of  the  long  edge of  t h e   s k i n  bay. Skin  cracks a f te r  extensive 
t e s t i n g  are shown i n  the  photograph  of  Figure 39. 

Twenty-five Bay Configuration - Two specimens  of  this  configuration  were  tested 
with  the same p r o c e h r e  as for  previous  configurations.  L i f e  t e s t   s t r a i n   r e a d i n g s  
are l i s t e d  in Table V and tes t  r e s u l t s ,   i n   T a b l e  V I ,  

* Spectrum level 

TABLE V I  

'IWENTY-FIV3 BAY CONFIGURATION, S-X DATA 

Specimen S t r a i n  Time t o  Cycles t o  
, Number p in/ in ,  rms Fa i lu re -h r s   F i r s t  Crack 

6 
1 431 0.5 0.27 X 10 

2 4 2.45 
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Figures 40 and 4 1  contain PSD p l o t s  of four  strain  gage  outputs,   These 
gaee locations  are  the..same as f o r  some previous  configurations. The strai- ?e- 
sponse  under  the  100 Hz wide acoustical   loading  spectrum  tended  to  be s 4 m - i 1 - r  t.0 
t h a t  of a s i n g l e  degree-of-freedom  specimen. The probabi l i ty   dens i ty   p lo ts   o f  
two s t r a i n  gage s igmls-   ind ica ted  a resonable  degree of randomness. 

In i t ia l   fa i lures   ( sk in   c racks)   occur red   near   the   sk in   a t tachments   wi th in   the  
cent ra l   four   sk in   bays  of these two specimens, 

Forty-Nine Bay Confimrat ion - L i f e  tes t  s t r a i n   d a t a  from th ree  specimens  of 
t h i s   con f igu ra t ion   a r e   l i s t ed   i n   Tab le  V I 1  and the  l i f e  test r e su l t s   i n   Tab le  VIII, 

TABLE V I 1  

FORTY-NINE BAY CONFIGURATION - LIFE TEST STRAIN  LEVELS 

* Spectrum l e v e l  

TABLE V I 1 1  

FORTY-NINE BAY CONFIGURATION,  S-N DATA 

P lo ts   o f  PSD s t r a i n  of s i x   s t r a i n  gage  locations  are  included as Figures 42 
through 44. This was the first conf igura t ion   to   exhib i t  a s t rong   mul t ip le  peak 
s t ra in   response   under   l i fe  test  loading. The l a r g e  number of  skin  bays  surround- 
ing  the  center  bay  produce a l a r g e  number of resonant  peaks  within a small f r e -  
quency  bandwidth. The S-N data   in   Table  VI11 are computed from an  average  fre- 
quency  of the  strain  response  peaks.   Stringer  betiding  strain was s i g n i f i c a n t  
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compared t o   s k i n   s t r a i n .  T.he probabi l i ty   dens i ty   p lo ts   o f   F igure  45 i n d i c a t e  rea- 
sonable  randomness in   t he   s t r a in   r e sponse  even  though  the  acoust ical   loading  plot  
is d i s t o r t e d  from the  Gaussian  shape. 

This   configurat ion  exhibi ted  the  only  s t r inger  failure. The first of t h ree  
specimens  incurred a f a i lu re   i n   t he   ou t s t and ing   f l ange  of a s t r inger   spanning   the  
cen te r  bay. Cracks i n   t h e   s k i n   a l o n g   t h e   r i v e t   l i n e s  were  discovered a t  t he  same 
time, The o the r  two specimens  incurred  skin  cracks  near,   or  through,  the  l ine of 
attachments a t  t he  edge  of the   cen t ra l   sk in   bays ,  

Summary of Test Resul ts  - Test r e su l t s   a r e   p re sen ted   a s  5-N da t a   i n   F igu re  46, 
along  with a random K = 4 curve (see Appendix S). This  curve, computed  from  ex- 
i s t i n g   f a t i g u e   d a t a ,  IS shown f o r   r e f e r e n c e   i n  comparing the   da ta  from a l l  four  
conf igura t ions .   Sca t te r   about   th i s   se lec ted   curve  is reasonable, or gene ra l ly  
within a 2G$ deviat ion band i n  stress level .  

t 

For a presentat ion of r e su l t s   i n   t e rms   o f  SPL vs cyc le s   t o   f a i lu re ,   F igu re  47 
has  been  included, The accompaninq  curve was developed  using  the  prediction method 
of Appendix A, For  these tests, spectrum  level SPL is  20 db  below octave  band  level. 

CONCLKiiIOXS 

The  sample s ize   cons idered   in  t h i s  experiment is q u i t e  small, but  the  uniform 
re su l t s   po in t   t o   t he   conc lus io t i   t ha t   t he re   i sv i r tua l lyno  advant-age t o  t e s t i n g  a 
panel   consis t ing of more than  nine  bays  for   sonic   fa t igue  evaluat ior , ,  

The S-N date  from these tests lends   suppor t   to   the   se lec t ion   of  a Kt  = 4 
f o r   p r e d i c t i o n   o f - s t r e s s  due t o  skin bending  across  countersunk  r ivet   l ines,  

17 



APPENDIX A 

Basic Design  Considerations 

To evaluate   the  res is tance of a s t ruc tu ra l   con f igu ra t ion   t o   son ic   f a t igue  
damage it is necessary  to  make basic  assumptions as regards  s t ructural   response,  
r e s u l t i n g  stress l e v e l s ,  and f a t i g u e  damage. For th i s   ana lys i s ,   the   fo l lowing  
are   postulated:  

1. S t re s ses  which cont r ibu te   to   sonic   fa t igue  damage are s igni f icant   on ly  
in   the   p r imary   s t ruc tura l   resonant  modes. 

2. Light ly  damped s t r u c t u r e  w i l l  respond  s ignif icant ly   in   only one mode  when 
exposed t o  random excita, t ion and the  s t ructural   response  can  therefore   be 
expressed  by Miles' theory,  Reference 2, a s  

3. For   s ing le  mode response  the  sound  pressure  correlation is unlty;  i.e., 
the   p ressure   eveqphere  on the  surface  under   the random pressure  load 
i s  i n  phase. 

4. Fatigue damage is accumulated a t  a l i nea r   r a t e .  

5. The  random pressure  can be d e f i n e d   s t a t i s t i c a l l y  as t he   p robab i l i t y  of 
occurrence  of  instantaneous  pressures  with  the  probabili ty  distribution 
being  Gaussian. The response  to   this   pressure  has  a frequency  equivalent 
t o   t h a t  o f   the   s ign i f icant  mode and whose amplitude  has a random va r i a t ion  
w i t h  a Rayleigh peak p robab i l i t y   d i s t r ibu t ion .  

S t r u c t u r a l  Response - Applying  the  above t o  the  var ious  tes t   configurat ions,  
estimates of  response  frequency,  resulting stress, and c y c l e s   t o   f a i l u r e   a r e  made. 

I For analysis  i t  i s  assumed t h a t  the speci.men skin  bays  have a l l  boundaries 

j fu l ly   f ixed   such  tha t  the  fundamental  response  frequency is obtained from 

f = (2.16 x lo5) k2 + 2/3 (ir + (:) ] ' eq. (1) 
b 

where 
f = resonau t frequency - Hz 
h = plate   thickness  in .  

a = panel long s i d e  dimension N in. 

b = panel   shor t   s ide  d imemion N in. 
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The  assumed mode shape i s  given  by, 
W 

w(x,y) = 2 ( 1  - cos e) (1 - cos a eq. (2 )  

f 193 Hz 

For  convenience,  equatiofi (1) is p lo t t ed   i n   F igu res  48 and 49, where the 
a s p e s t   r a t i o   c o r r e c t i o n   f a c t o r  is  t o  be mult ipl ied times t h e  frequency  found 
i n  Fipvre 49 as   appropriate .  

There are several   analyt ical   expressions  avai lable   for   determining rms 
s t r e s ses   i n   sk in   pane l s   sub je s t ed   t o  random acoust ic   pressures ,  Most are based 
on Miles' s inqle   degree of freerfom system  expressed as, 

where 
0 = rms random stress - p s i  
6 = daEping r a t i o  
fo = response  frequency - Hz 

cpo = s p e c t r a l   d e n s i t y  o f  the  pressure a t  the  response  frequency 

c = r a t i o  of s t a t i c  stress t o  un i t   p ressure   load  a t  l oca t ion  of 
(Ps i )  /Hz 

2 

0 i n t e r e s t  

Bas i ca l ly ,   t he   ana ly t i ca l  methods a v a i l a b l e   d i f f e r   o n l y   i n   t h e   d e f i n i t i o n  
of a. . For  example, the   express ion   for  clamped  edge stress a t  the   cen te r  o f  t he  
lony   s ide  from  Reference 3, page 221, is 

z 
uO 

= 25E ( k )  = 9750 

S u b s t i t u t i n g   i n t o  eq, (3 )  above 
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Where i t  is assumed f o r   t h i s  example, 

6 = .015 
Jfocp, = 1.22 x octave  band SPL f o r  l 5 O  db = .I10 psi 

For  the 8" x 18" x . 050t1 panel, 

cr = 7780 p s i  

For the same panel, clamped  on a l l  edges,  Reference 4 suggests,  

4 2 
where H = 1.442 + 1.442( ) + 0.8737( ) 

Using  eq. (5) and the same panel   s ize ,   noise   level ,   and damping r a t i o  as 
previously. 

0 = 10,480 p s i  

For a configuration similar t o   t h e  one  bay  specimens, i t  is assumed t h a t  
a l l  edges a r e   r i g i d l y  clamped  and the edge stress can be  approximated  by 
equations (4) o r  (5).  A s  noted,  however,  there is considerable  difference 
i n  stress magnitude  and there  appears  to  be no exact   analyt ical   technique 
fo r   p red ic t ing  m s  s t r e s s e s .  

The s u p p o r t   f l e x i b i l i t y   f o r   a c t u a l   a i r c r a f t   s t r u c t u r e  is  f o r   t h e  most 
pa r t   r a the r   d i f f i cu l t   t o   ana lyze  and the dynamics  engineer  has  design  charts 
and nomographs avai lable  for usage. The a c t u a l  aircraft s t r u c t u r e  will be 
something  between  the  clamped  and  simply  supported  edge  cases; maximum moment 
f o r  clamped  edges and zero moment for   s imple  supports .  The design nomograph 
shown i n  Figure 50 has  been  developed  from  measured d a t a  from f u l l  s c a l e  
s t r u c t u r e  and is used   to   ca loula te   the  rms edge stress f o r  a l l  except  the 
s i n g l e  bay  configuration. 

From Figure 50,  for the 8" x 18" x 0.0501t panel, 

cf = 4500 p s i  

again  for   octave band SPL = 150 db. 
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ks note& i n   P i z u r e  50,  t h e  rms stress is  f o r  a pane l   a spec t   r a t io  of 1.0. 
To account   for   vary ing   aspes t   ra t io ,   the  Adb cor rec t ion  is added t o  t h e  
octave band  sound pressure levels before  determining r m s  stress. 

Froa the  above  and  Squation ( 5 ) ,  f o r  example 

(actual)= = 0.42 (ca1culated)o 

I n  a l l  cases, measured stress datz a t  the  panel  edges is i n  qood ase?T.ent 
with  the rms s t r e s s  from Figure 50 and is considerably less t h a n   t h a t  czl- 
calated  usinq  Equations (4) o r  ( 5 ) .  Also Figure 47 shows good agreenent  between 
t h i s   t e s t   d a t a  and the  design nomograph. 

From E n r e  51, (K = 4) t he  number of  Gycles t o  f a i l u r e ,   u s i n g  45OC psi rms, 
is approximstely l G 6  c$cles vhich is i n  good a s e e m e n t  witY: test data,  

Another area s u b j e c t   t o   s o n i c  fati-qe damage is the  f lanqe  of  tbe s t r i n g e r  
ad   j s sen t  t o  the sk i r ,  panel, Tor t h i s  area, 

bA o a- 
h, 

where , 
Of 

x = distsr:.:e from f a s t e n e r  t o  "heel" of t h e   s t r i n g e r  -it-; 

= rms f l ange  stress - psi 
b = panel  s'r,ort  side  dimeneior, - i n  

hf = f lange  thickness  - i n  

Also ,  i t  iias beert showA empir ical ly  i;i;s.t t he  rms stress ir, t k e   s t r i n g e r  is 
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To determine  the stress i n   t h e  stringers a t  each  end  ,and a t  t he  midspan; 
cons ider   the   s t r inger  as a fixed-ended beam 18” long  and  an effective skin 
width  twice  the  s t r inger   f lange width. 

where, 

M = bending moment - lb-in 
c = distance from n e u t r a l  axis - i n  
I = moment of i n e r t i a  - in4 
M = 1/12 w12 a t  ends 
M = 1/24 w 1 2  a t  center  

For 6 E 0.015 and SPL = 150 dB 

f = CIK = 1012 52 

where, 

= constant = 71.95 
= radiue o f  gyration i n  

L = beam length N i n  

A s  can  be  seen, t h e  stringer  response  frequency i s  very  high as compared t o  
the  panel  response  frequency and t h e   s t r e s s   l e v e l s   a r e  low. From a f a t i g u e  damage 
standpoint,   stresses  developed w i t h  the  s t r inger   responaing as a beam should  b.e 
i n s ign i f i can t .  

For the   fas tener   spac ing   for   sk in  t o  stringer  at tachment  (Reference 6) 
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where, 
s = fastener s p a c i n g  - i n  
d = fasterrer  diameter -ir, 
b = stringer spacinq r~ i n  
h = s k i n  thickness cv in 
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APPETJDIX B 

Computation  of Random S-N Curve 

An S-N curve for random loading  can  be computed from a reference S-N 
curve  for  periodic,constant  amplitude  loading  by  using a probabi l i ty   curve 
which relates   the  occurrence  of   var ious  levels  of  peak s t r e s s e s   f o r  a given 
random rms stress level.. The r e s u l t i n g  random S-N curve is f o r   t h e  same K 
value, mean s t r e s s  and mater ia l  as the   re fe rence  S-N curve. t 

An a r b i t r a r y  random rms stress l e v e l  is  se l ec t ed  and a c y c l e s   t o   f a i l u r e  
quantity,  Nr, is computed. This  coordinate i s  one point  of t he  random S-N 
curve. The procedure i s  repeated  for   each  point   unt i l   the  random S-N curve 
can be defined. 

The equation  below  expresses t'ne computation  procedure. 

where Nr = c y c l e s   t o   f a i l u r e   f o r  random loading 
Nx = cycles   to   fa i lure   for   per iodic ,   constant   ampli tude  loading 

p(x) = Rayleigh  probabi l i ty   densi ty  of a given peak-to-rms stress 
occurrence 

dx = f i n i t e   r a n g e  of peak-to-rms stress values 

In   t he  above  equation,  the term p(x)dx i s  the  probable  ocaurrence of a 
p a r t i c u l a r  peak s t r e s s ,  so  that  the  denominator of the above  equation is  i n  
the  form of  Miner's  expression  of  linear  cumulative damage; 

I& 
The quant i ty  N is  obtained  from  the  reference  periodic,   constant amp- 

l i t u d e  s-N curve  fog  each  peak stress probably  applied, Each  peak s t r e s s  
value is determined by the dx s t r ip   be ing   i n t eg ra t ed ,  and the probabili ty  of 
t h a t  peak  value  occurring i s  the  product,  p(xjdx. 

Principal  references  for  the  above  procedure  are  references 2 and 6 .  The 
fol lowing  sketches  i l lustrate   the  curves  employed in  the  above  procedure. 

The reference  periodic,   constant  amplitude S-N curve  for  Figure 46 waB 
obtained from reference 7, page 32 (mean s t ress   equal   zero) .  . 



. 

S 

Reference S-N Curve 

N* 

Computed Random S-N Curve 

peak stress 
rms stress 

Ray le igh   P robab i l i t y   Dens i ty  Curve 
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Figure 1 - Single b y  Configuration 
and Tes t  Setup. 
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Figure 2 - Test  Specimen; Nine Bay Configuration 
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Figure 3 - Stringer and Ring Sections for All  Multi-Bay  Specimens. 
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Figure 4 - Test Specimen;  Twenty-Five Bay Configuration 



h 

5/36" R 
COUNl 

Figure 5 - Test Specimen; Forty-Nine Bay Configuration 
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Figure 6 Progressive  Wave  Chamber  with a Specimen 
Installed  (far  right).  Sound  Transducers  with 
Expotential Horns a r e  fo the  left .  

Figure 7 A Forty-Nine Bay Specimen  Installed in the  
Test  Chamber. 
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Figure 8 - Microphone  Locations for All  Configurations 
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NINE BAY, TWENTY-FIVE BAY, AND FORTY-NINE BAY CONFIGURATIONS. 

ONLY. 

Figure 8 - Continued 
34 



Figure 9 - The  Opposing  Side o f  the  Wave  Chamber has been 
Removed  Showing a Twenty-Five Bay Specimen Surface Exposed to Sound 
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Figure 10 - Strain  Gage Locations;  Total  Number of Different 
Locations Used on  Any  Configuration 
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Figure 12 - Test Support  Fixture  for  Nine Bay Configuration 



0 ACCELEROMETER 

Figure 13 - Accelerometer  Locations  for all Configurations 
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Figure 14 - Test Support Fixture  for  Twenty-Five Bay Configuration 
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EACH EN'D 

Figure 15 - Test Support Fixture for Forty-Nine Bay Configuration 
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Figure 16 - Spectrum of Sound  Pressure Level During a Discrete 
Frequency  Sweep at 136 d b  
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Figure 17 - Discrete  Frequency  Response at 130 db; Single Bay configuration 
(Specimen No. I )  
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Figure 18 - Discrete  Frequency Response at 136 db; N i n e  Bay Configuration,Specimen No. 2.- 
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Figure 19 - Discrete  Frequency Response at 136 db; 
N ine  Bay Configuration,Specimen No. 2. 
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Figure 20 - Mode  Shapes of a Nine  Bay Configuration  Specimen 
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Figure 21 - Response of a Nine  Bay Configuration 
Specimen at a Spectrum  Level of 120 db. (No. 2) 
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Figure 22 - Discrete  Frequency Response at 136 db; 
Twenty-Five Bay Configuration,  Specimen No. 2. 
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Figure 23 - Discrete  Frequency Response at 136 db; 
Twenty-Five Bay Configuration,  Specimen 2. 
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Figure 24 - Mode  Shapes of a Twenty-Five Bay Configuration  Specimen 
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Figure 26 - Response of a Twenty-Five Bay Configuration 
Specimen at a Spectrum Level of 135 db. (No. 2) 
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Figure 27 - Discrete  Frequency Response at 136 db; Forty-Nine 
Buy Configuration,Specimen 3. 
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Figure 28 - Discrete  Frequency Response at 136 db; Forty-N ine 
Bay Configuration  Specimen 3. 
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Figure 29 - Discrete  Frequency  Response at 136 db; 
Forfy-Nine Bay Configuration,Specimen 3. 
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Figure 30 - Mode Shapes for a Forty-Nine Bay Configuration  Specimen 
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Figure 31 - Response of a Forty-Nine Bay Configuration  Specimen 
at a Spectrum Level of 130 db, (No. 3) 
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Figure 32 - Response of a Forty-Nine Bay Configuration 
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Figure 34 - Typical  Shaped  Acoustical Loading 
Spectrum for a Life Test (Single Bay Specimen) 
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Figure 35 - Life Test  Sirain;  Single Bay Configuration,  Specimen No. 1 
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Figure 36 - Life Test Strain;  Single Bay Configuration,Specirnen No. 1. 
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Figure 37 - Life  Test  Strain  Nine Bay Configuration,Specirnen No. 2. 
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Figure 38 - Life  Test  Strain; Nine Bay Configuration,Specimen No. 2. 
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Figure 39 - Cracks  Along the  Rivet Lines Around the  Center  
Skin Bay of a Nine  Bay Configuration Panel 
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Figure 40 - Life  Test Strain;  Twenty-Five Bay Configuration,Specimen No. 2. 
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Figure 42 - Life Test  Strain;  Twenty-Five Bay Configuration  Specimen No. 3. 
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Figure 43 - Life  Test  Strain;  Forty-Nine Bay Configuration  Specimen No. 3. 
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Figure 44 - Life  Test Strain;  Forty-Nine Bay Configuration,Specimen No. 3. 
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Figure 45 - Probability  Density of Acoustical  Loading  and  Strain Response on 
a Forty-Nine Bay Configuration  Specimen 
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Figure 48. - Effects of Finite Aspect Ratio on  Clamped 
Plate Frequency 
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Figure 49. - Fundamental  Clamped Plate Frequency, 
Aspect Ratio = Infinity 



' 
b 

b/h = 100  122.5  141.4  158 173 

200 

224 

130  140  150  160 0 1 2 3 4 5 6  7 a 
OCTAVE BAND  SOUND RMS STRESS, KSI (FLAT  PLATE  WITH INFINITE ASPECT RATIO) 
PRESSURE LEVEL-db 

Figure 50. - Sonic Fatigure Design Monograph  for  Conventional 
Skin-Rib Construction 

ASPECT RATIO a/b 



76 

X 
10 

1 o3 
I- 

b 

0 1  I I I I 
1 05 1 06 107 108 109 

FATIGUE.LIFE - N CYCLES 

Figure 51. - Random S-N Fatigue  Curves for 7 0 7 5 T 6  Sheet 

NASA-Langley, 1970 - sa CR-1536 


