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BLADE SLAP NOISE 

W i l l i a m  J .  Galloway 
Bolt  Beranek and Newman Inc .  

SUMMARY 

Several  methods f o r  a d j u s t i n g  EPNL t o  account f o r  i t s  
underestimate of judged annoyance a r e  app l i ed  t o  eight h e l i c o p t e r  
f l yove r  no i se  s i g n a t u r e s  having var ious degrees of  b lade  s lap.  
A p r o p o s a l  f rom an IS0 working group f o r  making such adjustments 
i s  i n v e s t i g a t e d  f o r  these data as w e l l  as two s e t s  of data sub- 
mi t ted  by France t o  t h e  I C A O  Committee on A i r c r a f t  Noise, Working 
Group B.  When a l l  data a r e  combined, t h e  IS0 proposal  i s  l i t t l e  
b e t t e r  than  s i m p l y  adding an a r b i t r a r y  f i x e d  adjustment of 3 
decibe ls  t o  EPNL. 

INTRODUCTION 

Means f o r  measurement of t h e  phys ica l  c h a r a c t e r i s t i c s  of 
impulsive noise  produced by  h e l i c o p t e r  blade s lap  and accounting 
f o r  t h e  underestimate of  judged annoyance by  EPNL have been 
s t u d i e d  by a number of  groups i n  Europe and t h e  USA over  t h e  
l a s t  few years .  Working Group 2 on A i r c r a f t  Noise of IS0 TC43/ 
SC1, Acoustics/Noise,  has considered a number of p o s s i b l e  
measurement and assessment procedures a t  t h e  request  o f  ICAO/CAN/ 
WGB f o r  use i n  i t s  development of no ise  c e r t i f i c a t i o n  procedures 
f o r  h e l i c o p t e r s .  A draft proposal  f o r  an impulsive noise  
co r rec t ion  procedure emerged from IS0 i n  January 1978 and has 
been c i r c u l a t e d  f o r  comment. The procedure i s  based on a d i g i t a l  
ana lys i s  of t h e  f lyove r  s i g n a l .  

The b a s i c  psychoacoust ical  data used t o  de r ive  t h e  IS0 
proposal were obta ined  f rom a combination of s teady s t a t e  and 
s i m u l a t e d  h e l i c o p t e r  blade s lap noises .  T h i s  paper desc r ibes  t h e  
i n v e s t i g a t i o n  of  t h e  a b i l i t y  of  an analog a n a l y s i s  of a number of  
simulated noises  and e i g h t  recorded noise  s igna tu res  from a c t u a l  
h e l i c o p t e r s ,  as w e l l  as t h e  use o f  t h e  IS0 and o t h e r  d i g i t a l l y  
based procedures,  t o  'account f o r  the  r e s u l t s  o f  psychoacoustical  
judgments of these s i g n a l s .  Comparisons of t he  a p p l i c a t i o n  of 
t h e  IS0 procedures t o  t h e  eight recorded h e l i c o p t e r  no i se  s i g n a l s  
and to two sets of French data on simulated h e l i c o p t e r s  are made 
f o r  t h e  separate data sets and t o  t h e  aggregated data. 
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ABBREVIATIONS AND SYMBOLS 

Abbreviations 

IS0 

I C A O  

EPNL 

PNLT 

Rep. 

TSC 

I n t e r n a t i o n a l  S tandard iza t ion  Organization 

I n t e r n a t i o n a l  C i v i l  Aviation Organization 

e f f e c t i v e  perceived noise  l e v e l  

tone-corrected perceived no i se  l e v e l  

r e p e t i t i o n  

Transpor ta t ion  Systems Center 

Symb o 1 s 

CF c r e s t  f a c t o r ,  dec ibe l s  

maximum va lue  of C F  over an event ,  dec ibe l s  CFM 
- 

l ogay i thq ic  average over an event of c r e s t  f a c t o r s  
obtained f o r  each 0 . 5  second o f  t h e  event ,  dec ibe l s  C F O .  5 

C I  French impulse c o e f f i c i e n t  

I IS0 impulse f a c t o r  der ived from sampled vol tages  

r product moment c o r r e l a t i o n  c o e f f i c i e n t  

vo l tage  sampled a t  i t h  t ime increment 'i 

ca lcu la t ed  a d d i t i v e  adjustment to EPNL, dec ibe l s  A C  

s u b j e c t i v e  d i f f e r e n c e  between judged and measured 
EPNL, dec ibe l s  As 
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MEASURES OF IMPULSIVENESS 

The psychoacoust ical  s tudy repor ted  i n  re ference  1 
i n v e s t i g a t e d  t h e  use of s e v e r a l  analog and d i g i t a l  measures 
of  impulsiveness t ha t  had been proposed i n  t h e  IS0 working group. 
Since t h e  t i m e  of  that  r epor t  the  IS0 proposal  has emerged as a 
coalescence of twio p roposa ls ,  one f rom t h e  National Physical  
Laboratory i n  England and t h e  o t h e r  from France.  The two 
computational procedures r e s u l t s  i n  impulse measures t ha t  d i f f e r  
only by  a s u b t r a c t i v e  constant  of un i ty  when based on t h e  same 
d i g i t a l  sampling i n t e r v a l s  and i n t e g r a t i o n  t imes.  I n  t h i s  paper 
both t h e  IS0 proposal  and t h e  l a s t  French proposal are used, 
s i n c e  t h e  t r a n s f e r  func t ions  between t h e  impulsiveness measures 
and t h e  s u b j e c t i v e  co r rec t ions  t o  EPNL a r e  d i f f e r e n t .  I n  
a d d i t i o n  t o  t h e  d i g i t a l  techniques,  s e v e r a l  analog measures of  
c r e s t  f a c t o r  were used i n  t h e  a n a l y s i s  of  t h e  s u b j e c t i v e  data 
i n  re ference  1. 

I n  a l l  t h e  procedures t h e  b a s i c  concept i s  t o  de r ive  an 
adjustment f a c t o r ,  f o r  each 0 .5  second i n t e r v a l  o f  t h e  f lyove r ,  
which i s  added t o  the  measured value of  tone-corrected perceived 
no i se  l e v e l  (PNLT) f o r  t h a t  0 . 5  second i n t e r v a l ,  before  i n t e -  
g r a t i n g  (summing) over  t h e  event t o  ob ta in  EPNL. The d i f f e rences  
between t h e  impulse adjustment procedures l i e  i n  how t h e  ad jus t -  
ment increment i s  determined f o r  each 0.5 second i n t e r v a l .  

D i g i t a l  Analyses 

The no i se  s i g n a l  vo l tage  i s  A-weighted, passed through a 
2000 Hz low pass a n t i - a l i a s i n g  f i l t e r ,  then  d i g i t a l l y  sampled 
a t  5000 ( o r  an i n t e g e r  mul t ip l e  of 5000) samples per second. I n  
t h e  French proposal  the 2500 samples i n  each 0 . 5  second i n t e r v a l  
a r e  combined t o  determine an impulsiveness c o e f f i c i e n t  C I  
( r e f .  2 ) :  

1 

C I  

L 

2500 

Note t h a t  t h e  denominator i s  t h e  square of the  mean-square 
vol tage  during t h e  t ime i n t e r v a l ,  denoted i n  t h e  IS0 procedure 
as " S " .  I n  t h e  IS0 procedure,  t h e  impulsiveness q u a l i t y  I i s  
ca l cu la t ed  from t h e  same sampled da ta  ( r e f .  3 ) :  
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2500[vi2s- l2 1 I = -  
2500 c 

i=1 

Thus, C I  = 1 + 1. 
The values  of C I  and I a r e  converted through t r a n s f e r  

func t ions  t o  dec ibe l  adjustments,  A ,  which are added t o  t h e  PNLT 
values  i n  t h e  same time i n t e r v a l .  The form of t h e s e  t r a n s f e r  
func t ions  has var ied  a t  d i f f e r e n t  t imes during t h e i r  evolu t ion .  
I n  each case t h e  a i m  was t o  develop a func t ion  tha t  would 
empir ica l ly  f i t  t h e  then  a v a i l a b l e  s u b j e c t i v e  data and, a t  t h e  
same time, have a zero adjustment f o r  "non-impulsive" noise ,  such 
as that  produced by  conventional j e t  a i r c r a f t .  The cur ren t  forms 
(.refs. 2 and 3 )  of t h e  t r a n s f e r  func t ions  may be expressed a s :  

where 

French: A = - 6.875 + 13.75 loglo C I  

I S O :  A = - 2 . 4  + 8 loglo I 

A i s  r e s t r i c t e d  t o  0 < A < 5.5. - - 

Analog Analysis 

( 3 )  

c l a s s i c a l  way t o  descr ibe  t h e  impuls,veness o f  a s,gnal i s  
through i t s  c r e s t  f a c t o r ,  i t s  peak-to-rms r a t i o .  Expressed i n  
dec ibe l s ,  where Lpk i s  t h e  peak sound pressure  l e v e l ,  and L i s  
t h e  mean square sound pressure  l e v e l ,  c r e s t  f a c t o r  CF = L - L. 
For random noise  CF i s  of  t h e  o r d e r  of 1 2  dec ibe l s  and, f8r 
severe  h e l i c o p t e r  b l ade  s l a p ,  may be as high as 20 o r  more 
dec ibe l s ,  depending upon what, i f  any, frequency-weighting i s  
employed. A s  a measure of h e l i c o p t e r  blade s l a p ,  Leverton has 
proposed t h e  c r e s t  f a c t o r  measured i n  the  250 Hz octave band, 
wh i l e  a number o f  d i f f e r e n t  i n v e s t i g a t o r s  have used A-weighted 
sound l e v e l  / c r e s t  f a c t o r s .  

I n  t h i s  study A-weighted sound l e v e l  c r e s t  f a c t o r  i n  
dec ibe l s  is' used, as measured w i t h  a B&K 2209 sound l e v e l  meter. 
I n  making peak measurements t h e  instrument uses a 1 0  microsecond 
RC d e t e c t o r  w i t h  a r e s e t a b l e  peak hold c i r c u i t  and provides 
accura te  sound l e v e l  measurements f o r  c r e s t  f a c t o r s  o f  more than  
30 dec ibe l s .  Two d i f f e r e n t  c r e s t  f a c t o r s  have been used i n  t h e  
s tudy.  The s implest  i s  the maximum c r e s t  f a c t o r  measured during 
a f lyover ,  i r r e s p e c t i v e  of when it  occurred, and i s  abbreviated 
as CFM, A more complex measure i s  t h e  mean-square average of  
the sepa ra t e  maximum c r e s t  f a c t o r s  obtained i n  each 0 . 5  second 
i n t e r v a l  of  the  f lyove r ,  abbreviated as mOa5. 
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SUMMARY OF SUEiJECTXVE TESTS 

A complete d e s c r i p t i o n  of  t h e s e  experiments i s  provided i n  
re ference  1. A b r i e f  summary i s  provided he re .  

Steady-State Synthesized Signals  

Eight  d i f f e r e n t  s i g n a l s  were constructed f o r  judgement 
aga ins t  two d i f f e r e n t  non-impulsive s9gnals .  All s i g n a l s  had 
dura t ions  of 1 0  seconds a t  constant  l e v e l ,  with, Q.5 second on 
and o f f  ramps. Three d i f f e r e n t  non-impulsive noise  s p e c t r a  were 
used t o  represent  d i f f e r e n t  h e l i c o p t e r  s p e c t r a .  The firs% non-. 
impulsive noise  was a r e p l i c a  of  t h e  s i g n a l  repor ted  bp F u l l e r  
i n  experiments a t  t h e  National Physical  Laboratory (INPLI, i n  
England ( r e f .  4 ) .  The o t h e r  two were r ep resen ta t ive  of t8.e 
s p e c t r a  o f  l a r g e  multi-bladed and smal le r  two-bladed h e l i c o p t e r s .  
Impulsive no i se  s imula t ions  were made By mixing single s i n e  waye 
pulses ,  repeated at a s p e c i f i e d  r e p e t i t i o n  ra te ,  with t h e  broad- 
hand non-impulsive "background" s p e c t r a .  Th.e s i g n a l s  may be 
descr ibed by the  "b.ackground" non-impulsive spectrum, tb-e funda- 
mental frequency of  t h e  s i n e  pulse ,  t h e  frequency of t h e  pulse  
r e p e t i t i o n  r a t e ,  and t h e  l e v e l  d i f fe rence  i n  dec ibe l s  between 
t h e  peak sound pressure  l e v e l  of t h e  s i n e  pulses  t o  t h e  o v e r a l l  
sound pressure  l e v e l  of. th.e non-impulsive spectrum. (-Note t h a t  
t h i s  i s  not t h e  c r e s t  f a c t o r  f o r  th.e combined s i g n a l s . )  

Time-Varying Synth.esized S igna l s  

S i x  o f  t h e  s t eady- s t a t e  s i g n a l s  were modified t o  become time 
varying s imula t ions  of f lyove r  s i g n a l s  by use of  a v a r i a b l e  ga in  
ampl i f i e r  t o  provide a t r apezo ida l  t ime p a t t e r n  i n  which t h e  
o v e r a l l  s i g n a l  l e v e l  was increased  a t  a r a t e  of  2 dec ibe ls  pe r  
second t o  a maximum l e v e l ,  h e l d  f o r  2 seconds,  then  decreased i n  
l e v e l  a t  a decay r a t e  of 2 dec ibe ls  per  second (providing s i g n a l s  
1 2  seconds wide a t  t h e  po in t s  i n  t he  t i m e  p a t t e r n  t ha t  a r e  1 0  
dec ibe ls  below t h e  maximum l e v e l ) .  

I I n  o rde r  t o  s imula te  t h e  e f f e c t  of d i r e c t i v i t y  on impulse 
noise  during a f lyove r ,  two of t h e  s i g n a l s  were f u r t h e r  modified 
t o  fadeout t h e  impulsive part  of t he  s i g n a l  during t h e  2 second 
maximum l e v e l  po r t ion  of t h e  t ime p a t t e r n .  Thus t h e s e  s i g n a l s  
had impulsive content on t h e  inc reas ing  l e v e l  po r t ion  of t h e  
s i g n a l  and no impulses on t h e  decaying po r t ion  of t he  s i g n a l ,  as 
i n  t h e  case w i t h  most a c t u a l  h e l i c o p t e r  no ise  s i g n a t u r e s .  
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Recorded Hel icopter  Noise  S igna ls  

Nine recorded h e l i c o p t e r  s i g n a l s  were s e l e c t e d  from t h m e  
obtained i n  a comprehensive measurement program conducted By 
FAA/TSC t o  def ine  the  no i se  c h a r a c t e r i s t i c s  produced by a 
v a r i e t y  of h e l i c o p t e r s  during l e v e l  f l yove r  and approach maneu- 
vers  under cons idera t ion  f o r  no i se  c e r t i f i c a t i o n .  The s i g n a l s  
used i n  t h e  psychoacoust ical  tests were chosen t o  represent  
t h e  range of  h e l i c o p t e r  designs and s izes  cu r ren t ly  i n  ope ra t ion  
t h a t  produce s i g n i f i c a n t l y  audib le  b lade  s l a p ,  w i t h  one s i g n a l  
having n e g l i g i b l e  b lade  s lap  chosen as a comparison s i g n a l  
(S-61 i n  l e v e l  f l i g h t ) .  The genera l  c h a r a c t e r i s t i c s  of  the 
s i g n a l s  s e l e c t e d  and t h e  ope ra t iona l  condi t ions  under which they 
were produced a r e  descr ibed i n  d e t a i l  i n  re ference  5. The 
events used i n  t h i s  study a r e  l i s t e d  i n  tab le  1. 

Experiment a1 F a c i l i t i e s  

A l l  s t i m u l i  were presented t o  s u b j e c t s  s e a t e d ,  one a t  a 
t ime, i n  an anechoic chamber. The ind iv idua l  t e s t  s i g n a l s  were 
recorded on ind iv idua l  magnetic tape loops t h a t  could be s e l e c t e d  
a t  w i l l  through computer con t ro l .  The playback system frequency 
response was equal ized s o  t h a t  t h e  s i g n a l  as measured a t  t h e  
l i s t e n e r ' s  head p o s i t i o n  reproduced t h e  s i g n a l  spectrum of t h e  
o r i g i n a l  recording.  The s i g n a l  l e v e l s  used i n  a l l  p re sen ta t ions  
were measured i n  EPNL, as ca l cu la t ed  from real- t ime analyses  o f  
t h e  s i g n a l s  obtained a t  t h e  l i s t e n e r ' s  head p o s i t i o n ,  using t h e  
procedures of  FAR P a r t  36/ICAO Annex 1 6 .  P a r t i c u l a r  a t t e n t i o n  
was paid t o  i n s u r e  that  t h e  ana lys i s  system properly measured 
t h e  rms l e v e l s  of  t h e  s i g n a l s  w i t h  h igh  c r e s t  f a c t o r s .  

T e s t  Subjects  

Twenty co l lege  s tuden t s  between the  ages of  1 8  and 32 were 
used as s u b j e c t s .  Half of t hese  were women and half  were men. 
A l l  s u b j e c t s  were audiometr ical ly  screened t o  a s su re  t h a t  t h e y  
were wi th in  20 dec ibe ls  of  IS0 defined normal hear ing .  

T e s t  Procedure 

Each l i s t e n e r  was asked t o  choose which of two s e q u e n t i a l l y  
reproduced s i g n a l s  was more annoying. For each t e s t  s t imulus 
the  experimental  procedure,  c a l l e d  PEST (Parameter Est imat ion 
of Sequent ia l  Tes t ing ) ,  i n  an  i t e r a t i v e  manner c o n t r o l l e d  by 
a computer, va r i ed  the  l e v e l  of a comparison s t imulus  i n  a 
succession of  t r ia ls  u n t i l  t h e  s u b j e c t ' s  responses ind ica t ed  
tha t  t h e  t es t  s t imulus was s u b j e c t i v e l y  equal t o  t h e  s tandard  
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s t imulus .  The computer program randomizes t h e  o r d e r  of pre- 
s e n t a t i o n  of t he  two s i g n a l s  and v a r i e s  t he  l e v e l  of t h e  t e s t  
s t imulus i n  both i n c r e a s i n g  and decreasing f a sh ion  t o  o b t a i n  a 
convergence i n  the  judgements from t h e  s u b j e c t ,  The convergence 
c r i t e r i o n  used i n  these tes ts  was 1 dec ibe l ,  and t h e  allowed 
upper l i m i t  i n  number of t r ia ls  was 30.  The 20 s u b j e c t s  
used an average of approximately 1Q t r ia l s  each t o  reach s tab le  
judgements f o r  t h e  s u b j e c t i v e  e q u a l i t y  between t h e  t e s t  and 
s tandard  s t i m u l i .  T h e  d i f f e r e n c e  i n  EPNL between t h e  t e s t  and 
comparison s t i m u l i ,  averaged over  a l l  s u b j e c t s ,  was used as t h e  
measure of t h e  s u b j e c t i v e  underestimate of b l ade  s lap  by  EPNL. 

Although t h e  o rde r  of  p re sen ta t ion  of t h e  d i f f e r e n t  t e s t  
s t i m u l i  w a s  randomized between s u b j e c t s ,  a l l  s u b j e c t s  were given 
a p r e t e s t  t r a i n i n g  s e s s i o n  during which they were asked t o  judge 
one of t h e  NPL t e s t  noises  a g a i n s t  i t s e l f .  The average d i f f e r -  
ence i n  judgements f o r  t h i s  t e s t  w a s  0 . 4  dec ibe l s ,  w i t h  a 
s tandard  e r r o r  i n  t h e  mean of  0 .3  dec ibe l s .  

I n  a l l  t e s t s  t he  f i x e d  l e v e l  s i g n a l  was reproduced a t  a 
nominal EPNL value of  80 dec ibe l s .  The comparison s i g n a l  l e v e l  
could b e  va r i ed  as much as 30 dec ibe ls  above and below t h i s  
l e v e l .  

SUMMARY O F  RESULTS 

The s u d j e c t s ,  on average, judged impulsive s i g n a l s  t o  b e  
more annoying than  non-impulsive s i g n a l s  by up t o  7 dec ibe l s .  
On the  o t h e r  hand, non-impulsive s igna ls  of s u b s t a n t i a l l y  
d i f f e r e n t  s p e c t r a l  shape were equated on an EPNL basis wi th in  
0 . 1  t o  0 . 4  dec ibe l ,  on average. The s tandard e r r o r s  i n  t h e  
mean ( 2 0  s u b j e c t s )  ranged from 1 . 0  t o  1 . 8 ,  f o r  a l l  s i g n a l s ,  arzd 
from 1 . 0  to 1 . 4  f o r  just t h e  h e l i c o p t e r s .  For the  s m a l l  number 
of s u b j e c t s ,  these s tandard  e r r o r s  are very acceptab le .  

t h e  var ious  impulsiveness measures. Adjustment f a c t o r s  f o r  
PNLT were computed according t o  t h e  proposed t r a n s f e r  func t ions ,  
added t o  PNLT va lues ,  and EPNL re-computed f o r  each s i g n a l .  The 
d i f f e rence  i n  EPNL w i t h  and without the impulse adjustment was 
then  compared t o  t h e  judged d i f f e r e n c e s .  The d i f f e r e n c e s  between 
EPNL computed w i t h  c r e s t  f a c t o r s  added t o  PNLT and without 
were compared d i r e c t l y  w i t h  t h e  judgements. 

values  were discouraging when a l l  s i g n a l s  were compared as a 
se t .  I n  essence,  the comparisons were uncorre la ted ,  w i t h  t h e  
best  measure accounting f o r  less than 20 percent  of t h e  var iance 

A phys i ca l  a n a l y s i s  of each s i g n a l  was made t o  c a l c u l a t e  

The r e s u l t s  o f  t h e  comparisons between c a l c u l a t e d  and judged 
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i n  a l i n e a r  r eg res s ion  a n a l y s i s  ( r2  = 0 . 1 8 ) .  When only t h e  
eight h e l i c o p t e r s  were considered as a subse t  the  p i c t u r e  
improved, f o r  t h e  French C I  proposal ,  w i t h  r2 = 0.69. The 
crest f a c t o r  measures d i d  no t  improve, w i t h  r2 = 0.17.  
diagrams and t h e  r eg res s ion  l i n e s  o f  As on Ac are shown i n  
f i g u r e  1 f o r  t h e  French procedure and i n  f i g u r e  2 f o r  mOe5. 

sounds we have found prel iminary evidence tha t  annoyance 
inc reases  wi th  crest  f a c t o r  when p u l s e  r e p e t i t i o n  ra te  is  held 
cons tan t ,  while  wi th  c r e s t  f a c t o r  held cons tan t  annoyance 
v a r i e s  with r e p e t i t i o n  rate. The shape o f  the  s e n s i t i v i t y  
curve i s  very much l i k e  a v i s u a l  f l i c k e r  s e n s i t i v i t y  curve, 
l i t t l e  s e n s i t i v i t y  a t  low ( z  5 Hz) and h igh  (= 80 Hz) r e p e t i t i o n  
frequencies  ( f l i c k e r  fus ion  i n  t he  case  of v i s i o n )  w i t h  a 
maximum i n  s e n s i t i v i t y  of  r e p e t i t i o n  frequencies  o f  the o r d e r  
of  30 t o  40 Hz. Using t h e  zero airspeed blade passage frequency 
as a measure, t h e  product moment c o r r e l a t i o n  between As and 
frequency accounts f o r  65% o f  t h e  var iance  i n  t h e  e i g h t  h e l i -  
cop te r  s i g n a l s  ( r2  = 0.65);  however, f o r  t h e  e n t i r e  s i g n a l  s e t  
l i t t l e  c o r r e l a t i o n  r e s u l t e d  ( rZ  = 0 . 1 0 ) .  

S c a t t e r  

I n  some o t h e r  tests on the judged annoyance of  impulsive 

I n  an at tempt  t o  improve the  p i c t u r e ,  mu l t ip l e  r eg res s ions  
of As on a l i n e a r  combination of c a l c u l a t e d  adjustments ,  A C  
( o r  CF) and r e p e t i t i o n  frequency were com uted .  Typical  r e s u l t s  
f o r  the  h e l i c o p t e r s  were improvement i n  r' f o r  t h e  French ad.lust- 
ment from 0.69 t o  0.87 and improvement i n  r2 f o r  CF0.5 from 
0.17 t o  0.77. Standard e r r o r s  f o r  t h e  r eg res s ion  improved .from 
0.8 dec ibe l s  t o  0.5 decibels f o r  t h e  French adjustment,  and 
from 1 . 4  t o  0 .7  dec ibe l s  f o r  moe5. 

C O N F L I C T I N G  VIEWS 

The p o s s i b l e  use o f  analog measures of  c r e s t  f a c t o r  t o  
assess impulsiveness has not met w i t h  much enthusiasm i n  I S O ,  
p a r t i c u l a r l y  on the  basis o f  analyses  r epor t ed  from Franch. 
Wright and Damongeot ( re f .  6 )  argue tha t  c r e s t  f a c t o r  is  a 
poor measure s i n c e ,  i n  t h e i r  tests,  it provided poor r e s o l u t i o n  
f o r  low impulsiveness s i g n a l s .  Our content ion i s  tha t  they  d i d  
not  follow t h e  s p e c i f i e d  measurement procedure, s i n c e  i n  t h e i r  
paper they  determined crest  f a c t o r  from v i s u a l  a n a l y s i s  on an 
osc i l l o scope .  

I n  another  a n a l y s i s  Berry and Robinson ( re f .  7)  found 
good c o r r e l a t i o n  w i t h  t h e i r  data using a c r e s t  f a c t o r  determined 
from the  l a r g e s t  value of t he i r  d i g i t a l l y  sampled vol tages  used 
t o  compute C I  o r  I. I n  the  one case where w e  can compare t h e i r  
a n a l y s i s  d i r e c t l y  wi th  one o f  ours ,  t he i r  d i g i t a l  method 
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c o r r e l a t e s  w e l l  ( r2  of O.gl), f o r  seven samples of synthes ized  
blade slap no i se ,  w i t h  our analog a n a l y s i s .  Fu r the r ,  the  s l o p e  
of t h e  r eg res s ion  l i n e  i s  1 . 0 1 ,  al though t h e r e  i s  a 1 . 7  dec ibe l  
o f f s e t  a t  CF = 0 .  

A more b a s i c  disagreement e x i s t s  over t he  use o f  r e p e t i t i o n  
ra te  i n  an adjustment process .  The pr imary  i s s u e  i s  t h e  repe- 
t i t i o n  rate t o  be a t t r i b u t e d  t o  a h e l i c o p t e r  w i t h  dual  main 
r o t o r s .  I f  one takes the r e p e t i t i o n  r a t e  as that due t o  t h e  
blade passage ra te  of  one r o t o r  only,  t h e  c o r r e l a t i o n  w i t h  
r e p e t i t i o n  ra te  is  low. I f  one takes t h e  r e p e t i t i o n  r a t e  as 
twice t h i s  number, t h e  c o r r e l a t i o n  i s  r e t a ined .  The f a c t  i s ,  
a dual  se t  of pu lses  ex i s t s ,  not  q u i t e  uniformly spaced ( cons t an t  
r e p e t i t i o n  t ime over lap  of  two s e t s ) ,  w i t h  one s e t  somewhat 
weaker than  t h e  o t h e r ,  t h e i r  r e l a t i v e  crest  f a c t o r s  varying 
wi th  opera t ing  condi t ions .  

The second f a c t  i s  tha t  t h i s  k ind  of h e l i c o p t e r  i s  judged 
t o  b e  twice,  i n  dec ibe l s ,  as annoying as o t h e r  h e l i c o p t e r s  
having e s s e n t i a l l y  the same degree of impulsiveness ,as ca l cu la t ed  
by any of t h e  impulsiveness measures. See f i g u r e s  1 and 2 f o r  
examples. 

IS0 ADJUSTMENTS AND COMPARISONS OF DATA 

O f  major i n t e r e s t  at  t h i s  t i m e  i s  how w e l l  t h e  proposed 
IS0 adjustment procedure works on judged data. Analyses o f  
two sets o f  French data and of a dubbed recording of  our e i g h t  
h e l i c o p t e r  - s igna ls ,  provided by us ,  have been repor ted  by 
Aerospa t i a l l e  i n  an I C A O  working paper ( r e f .  8 ) .  The fol lowing 
d iscuss ion  i s  based on t h e  data repor ted  i n  re ference  8. 

Consider f i r s t  t h e  IS0 procedure appl ied  t o  t h e  e igh t  
h e l i c o p t e r s .  The s c a t t e r  diagram showing t h e  r e l a t i o n s h i p  
between As &nd A C  i s  p l o t t e d  i n  f i g u r e  3, along with the regres-  
s i o n  l i n e .  A p o s i t i v e  c o r r e l a t i o n  e x i s t s ,  w i t h  r2 of 0 .60 ,  
i n t e r c e p t  of  0 . 2 ,  and s l o p e  of 1 .23.  

The French judgement data a r e  der ived f r o m  one set  of t i m e -  
varying s i g n a l s  and from one se t  of s teady-s ta te  s i g n a l s .  Con- 
s ider  first the  data f o r  t h e  time-varying s i g n a l s ,  as p l o t t e d  
i n  f i g u r e  4 .  I n  t h i s  case,  r2 = 0.38, but the values  of As a r e  
nega t ive ly  c o r r e l a t e d ,  the  r eg res s ion  l i n e  s l o p e  being - 0.49. 
Combining these data wi th  the  e i g h t  h e l i c o p t e r s  t o  ob ta in  a l l  
t he  time-varying s i g n a l s  r e s u l t s  i n  t h e  p l o t  of  f i g u r e  5. Here 
the  c o r r e l a t i o n  i s  meaningless,  w i t h  r2 = 0.04 .  
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The r e l a t i o n s h i p  between As and Ac f o r  the  French steady- 
s t a t e  s i g n a l s  provides  a b e t t e r  p i c t u r e ,  as seen  i n  f i g u r e  6 .  
T h i s  should b e  b e t t e r ,  s i n c e  these data are b a s i c a l l y  those  
used t o  d e r i v e  the  C I  and IS0 t r a n s f e r  func t ions  i n  t h e  f irst  
p lace .  Here r2 = 0.85 and the  s l o p e  i s  1 . 0 4 .  

F i n a l l y ,  combining t h e  t h r e e  sets  of  data, as i n  r e fe rence  8, 
t h e  p l o t  i n  f i g u r e  7 r e s u l t s .  I n  t h i s  f i g u r e  the 6 s i g n a l s  used 
as comparison s tandards  have been omit ted s i n c e  t h e  s u b j e c t i v e  
d i f f e r e n c e s  f o r  t h e  impulsive s i g n a l s  are judged r e l a t i v e  t o  
these s t anda rds .  I n  t h i s  combined case  r2 = 0.34  and t h e  
s l o p e  i s  0 .69 .  

CONCLUDING REMARKS 

It seems c l e a r  t h a t  a t  t h i s  po in t  o u r  knowledge of  a good 
g’eneral p r e d i c t o r  of  s u b j e c t i v e  response t o  impulsive no i se  i s  
poor. It i s  a l s o  c l e a r  that  EPNL does underest imate  annoyance 
due t o  b lade  s l a p .  For these data the  average underest imate  i s  
about 3 dec ibe l s  f o r  s i n g l e  main rotor a i r c r a f t  and about 6 f o r  
t h e  dua l  main rotor a i r c r a f t .  Considering t h e  v a r i a b i l i t y  i n  
t h e  data,  one might a r b i t r a r i l y  use these  cons tan t  values and 
ignore  any more e l a b o r a t e  approach. One could simply apply 
these a d d i t i v e  va lues  t o  any h e l i c o p t e r  t h a t  had a maximum 
A-weighted crest  f a c t o r  of  more than  1 4  d e c i b e l s .  
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TABLE 1 

BBN 
No. 

214 

215 

2 16  

217 

218  

219 

220 

2 2 1  

2 2 2  

HELICOPTER SIGNALS USED I N  
SUBJECTIV€Z RESPONSE STUDY 

A i r c r a f t  
Type 

S-61 ( r e f . )  

S-64 

CH-47C 

CH-47C 

2 1 2  

212  

47  G 

s-61 

206 L 

TSC 
Event 

34 

50 

28  

1 8  

36 

31 

19 

20 

46  

Operating 
Condition 

115 knot l e v e l  

60 knot l e v e l  

150 knot l e v e l  

60 knot l e v e l  

1 0 5  knot l e v e l  

6 1  knot l e v e l  

6 O  Approach 

6 O  Approach 

6 O  Approach 

S t  at i c  
Rep. 

Rate, Hz 

1 7  

18 .6  

25 

25 

11 

11 

1 2  

1 7  

1 3  
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Figure 1.- Comparison of judged difference in EPNL between impulsive and 

non-impulsive signals and calculated impulse adjustment using French 
measure CIA. 
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Figure 2.- Comparison of 
non-impulsive signals 
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judged difference in EPNL between impulsiE and 
and calculated impulse adjustment using CFbe5. 
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Figure 3.- Correlation between judged and calculated 
adjustment to EPNL for BBN helicopters. 
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Figure 4.- Correlation between judged and calculated adjustment 
to EPNL for French time-varying simulations. 
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Figure 5.- Corre la t ion  between judged and ca lcu la ted  adjustment t o  
EPNL f o r  BBN and French time-varying s igna l s .  

Figure 6. -  adjustment t o  
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Figure 7.- Correlat ion between judged and ca lcu la ted  adjustment 
t o  EPNL f o r  combined s igna l s .  
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