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INTRODUCTION: 

Measurement o f  noise f rom gas t u r b i n e  engines du r ing  s t a t i c  opera t ions  i s  a 
major element o f  engine research and development programs. T e s t  o b j e c t i v e s  
inc lude eva lua t i on  o f  the impact on noise caused by var ious  engine o r  nace l l e  
design changes, d e f i n i t i o n  o f  engine noise c h a r a c t e r i s t i c s ,  i d e n t i f i c a t i o n  o f  
s p e c i f i c  engine noise sources us ing  d iagnos t i c  procedures, and a c q u i s i t i o n  o f  
noise da ta  for  use i n  assessing compliance w i t h  a i r p l a n e  nois$ c e r t i f i c a t i o n  
requirements. #hen p lann ing  a s t a t i c  engine noise t e s t ,  major i t e m s  t h a t  
deserve c a r e f u l  cons ide ra t i on  i nc lude  (1) t e s t  s i t e  c h a r a c t e r i s t i c s ,  (2 )  data 
a c q u i s i t i o n  and reduc t i on  systems, ( 3 )  microphone l o c a t i o n s ,  (4) acous t i ca l  
c a l i b r a t i o n  and measurement procedures, and (5) meteoro log ica l  cond i t ions .  

This document provides recommended p r a c t i c e s  i n  the form o f  o b j e c t i v e s  and 
engineer ing procedures based on extens ive s t a t i c  engine noise measurement 
experience gained over a pe r iod  o f  many years.  
s p e c i f i c  t e s t  p r a c t i c e s  does no t  mean t h a t  there  are no o the r  v a l i d  and 
acceptable means t o  s a t i s f y  s t a t i c  t e s t  o b j e c t i v e s .  
each t e s t  should be considered and ins t rumenta t ion  and data ana lys i s  methods 
assessed when s e l e c t i n g  the s p e c i f i c  p r a c t i c e s  t h a t  w i l l  be employed i n  a 
t e s t .  

However, the d e s c r i p t i o n  o f  

The s p e c i f i c  na ture  o f  

1. PURPOSE: 

The purpose o f  t h i s  document i s  t o  descr ibe recommended p r a c t i c e s  for 
measurements o f  f a r - f i e l d  sound pressure l e v e l s  du r ing  s t a t i c  ope ra t i on  o f  
gas t u r b i n e  engines i n s t a l l e d  on an outdoor engine t e s t  stand. 
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2.  SCOPE: 

Recommendations presented i n  t h i s  document are intended p r i m a r i l y  for  the 
a c q u i s i t i o n  o f  f a r - f i e l d  acous t i ca l  data. 
app rop r ia te l y  conf igured and operated so t h a t  the acous t i ca l  s igna ls  
generated are cons is ten t  w i t h  the s p e c i f i c  o b j e c t i v e s  o f  the t e s t .  The 
p r i n c i p a l  ou tpu t  o f  the data reduc t i on  s y s t e m  i s  one- th i rd  octave band sound 
pressure l e v e l s .  However, broader or narrower bandwidth ana lys i s  o f  the 
recorded data may a l s o  be accomplished when appropr ia te.  

The t e s t  engine i s  t o  be 

Although n o t  s p e c i f i c a l l y  intended t o  apply t o  specia l  purpose engine noise 
t e s t i n g  ( f o r  example, t e s t s  i n v o l v i n g  unique inst rumentat ion or procedures t o  
i d e n t i f y  s p e c i f i c  noise sources), some o f  the p r a c t i c e s  descr ibed he re in  may 
be appropr ia te for such t e s t i n g .  

S p e c i f i c a t i o n  o f  reference condi t ions i s  ou ts ide  the scope o f  t h i s  document 
al though procedures t o  a d j u s t  data t o  a reference c o n d i t i o n  are descr ibed i n  
7.2.4. 

3 .  REFERENCES: 

1 )  P r a c t i c a l  Methods t o  Obtain Free F i e l d  Sound Pressure Levels from 
Acoust ic Measurements Over Ground Surfaces, Society  o f  Automotive 
Engineers Aerospace In fo rma t ion  Report A I R  16728 (June, 1983). 

2 )  Sound Level M e t e r s ,  I n t e r n a t i o n a l  E lec t ro techn ica l  Commission Pub1 i c a t i o n  
No. 651 ( F i r s t  E d i t i o n ,  1979). 

3)  Recommendations for Octave, Half-Octave, and T h i r d  Octave Band F i l t e r s  
Intended f o r  the Analys is  of  Sounds and V ib ra t i ons ,  I n t e r n a t i o n a l  
E lec t ro techn ica l  Commission P u b l i c a t i o n  No. 225 (1966). 

4) American Nat ional  Standard S p e c i f i c a t i o n  for  Octave-Band and 
Fractional-Octave-Band Analog and D i g i t a l  F i l t e r s ,  A N S I  S1.l l-1986. 

5) American Nat ional  Standard S p e c i f i c a t i o n  for  Acoust ica l  C a l i b r a t o r s ,  
ANSI  S1.40-1984. 

6) Standard Values o f  Atmospheric Absorpt ion as a Funct ion o f  Temperature 
and Humidity f o r  Use i n  Evaluat ing A i r c r a f t  Noise, Society  o f  Automotive 
Engineers Aerospace Recommended P r a c t i c e  ARP 866A (March 1975). 

4. TEST S I T E  CHARACTERISTICS:  

The t e s t  s i t e  s h a l l  have n e g l i g i b l e  i n f l uence  on the engine 's  no ise 
generat ing processes and, except for  ground surface e f f e c t s ,  n e g l i g i b l e  
i n f l uence  on the propagat ion o f  sound from the engine t o  the microphones. 
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4.1 

4.2 

4 . 3  

-- Overa l l  S i t e  S e l e c t i o n :  The t e s t  s i t e  s h a l l  be l oca ted  i n  an open area 
having r e l a t i v e l y  f l a t  t e r r a i n  which i s  f r e e  o f  s t ruc tu res  and o the r  
obstac les t h a t  a f f e c t  f a r - f i e l d  sound pressure measurements. 

One- th i rd  octave band sound pressure l e v e l s  o f  ambient noise s h a l l  be 
s u f f i c i e n t l y  below the one- th i rd  octave band sound pressure l e v e l s  from 
engine noise sources so t h a t  engine noise measurements are n o t  s i g n i f i c a n t l y  
contaminated by noise f rom environmental sources. 

- Engine Support S t ruc tu re :  
sound i n t e r f e r e n c e  c h a r a c t e r i s t i c s .  That i s ,  the s t r u c t u r e  should not  
impede sound propagat ion nor have any a c o u s t i c a l l y  r e f l e c t i v e  surfaces close 
to  noise r a d i a t i n g  reg ions .  I f  s t r u c t u r e  surfaces e x i s t  t h a t  s i g n i f i c a n t l y  
i n f l uence  engine noise r a d i a t i o n  pa t te rns ,  they s h a l l  be covered w i t h  
m a t e r i a l s  t h a t  a re  a c o u s t i c a l l y  absorp t ive  i n  the frequency range of 
i n t e r e s t .  Furthermore, the s t r u c t u r e  s h a l l  no t  i n f l uence  sound generat ion 
by d i s t o r t i n g  a i r f l o w  i n t o  the engine i n l e t  or by being subjected t o  
impingement by engine exhaust gases. 

The engine support s t r u c t u r e  s h a l l  have minimal 

T e s t  engines s h a l l  be supported such t h a t  the engine c e n t e r l i n e  i s  above the 
ground by a t  l e a s t  one and one-half t i m e s  the maximum d iametw  o f  the l a r g e r  
of  e i t h e r  the f a n  or compressor blades. I f  an engine c e n t e r l i n e  i s  c l ose r  
t o  the  ground than one and one-half diameters, then an assessment s h a l l  be 
made t o  determine i f = t h e  measured sound pressure l e v e l s  are i n f l uenced  by 
i n f l o w  d i s t o r t i o n s  o r  by exhaust impingement on the ground. 

Acous t ica l  Arena: The acous t i ca l  arena i s  the surface area t h a t  extends 
f rom beneath the engine to  a d is tance t h a t  i s  a t  l e a s t  3 m beyond a l l  
microphones. 

The arena s h a l l  have the f o l l o w i n g  c h a r a c t e r i s t i c s :  

. F l a t  w i t h  no undu la t ions  t h a t  cause focus ing  o r  s c a t t e r i n g  o f  sound o r  
c o l l e c t  standing water (A s l i g h t  slope o r  curva ture  subtending an angle 
o f  approximately one degree may be des i rab le  t o  a i d  i n  drainage.)  

. Thermally r e f l e c t i v e ,  l i g h t  i n  c o l o r  to  minimize s o l a r  hea t ing  and 
thermal g rad ien ts  near the ground. (Sound pressure l e v e l s  measured by 
microphones mounted close to  the ground surface can be s i g n i f i c a n t l y  
a f f e c t e d  by s t rong thermal g rad ien ts .  See Reference 1. )  

. Un i fo rmly  smooth and hard so as t o  approximate a p e r f e c t  sound r e f l e c t o r  
over the frequency range o f  i n t e r e s t .  
poss ib le ,  the d i f f e r e n c e  between the acous t i ca l  impedance o f  the actual  
surface and t h a t  o f  a smooth, hard surface s h a l l  be taken i n t o  account i n  
the eva lua t i on  of t he  engine noise data. 
r e f l e c t i o n  e f f e c t s  i s  provided i n  Appendix C of Reference 1 . )  

Where such a surface i s  no t  

(Some guidance on these ground 
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4.3 (Continued): 

. Free  f rom a l l  obstac les t h a t  s i g n i f i c a n t l y  i n f l uence  sound propagat ion or 
engine opera t ion  and thus a f f e c t  f a r - f i e l d  sound pressure measurements i n  
the frequency range o f  i n t e r e s t .  
s h a l l  be loca ted  ou ts ide  the arena such t h a t  they do n o t  i n t e r f e r e  w i t h  
sound propagat ion from the engine t o  the microphones. External  surfaces 
t h a t  could s i a n i f i c a n t l v  a f f e c t  f a r - f i e l d  sound m e s s u r e  measurements 

The c o n t r o l  room o r  o the r  s t ruc tu res  

s h a l l  be covered w i t h  sound absorbing ma te r ia l s  e f f e c t  
frequency range o f  i n t e r e s t .  

5. DATA ACOUISIT ION AND REDUCTION SYSTEMS: 

Data a c q u i s i t i o n  and reduc t ion  systems t h a t  p rov ide  r e l i a b  

ve over the 

e and repeatable 
measurements o f  sound pressure s igna l  s, meteoro log ica l  cond i t ions  and engine 
performance s h a l l  be used. The c h a r a c t e r i s t i c s  o f  the instruments s h a l l  be 
cons is ten t  w i t h  those i n  the f o l l o w i n g  Sect ions,  

5.1 kcous t i ca l  Data A c q u i s i t i o n  System: The acous t ica l  data a c q u i s i t i o n  system 
cons is ts  o f  microphones, s igna l  cond i t i on ing  and t ransmiss ion components 
( f o r  example, p reamp l i f i e rs ,  power suppl ies,  and cabies) and may inc lude 
analog or d i g i t a l  data storage and r e t r i e v a l  equipment. The o b j e c t i v e  o f  
t h i  s system i s t o  acqui re accurate measurements o f  engine sound pressure 
l e v e l s  over the range o f  one- th i rd  octave bands hav ing nominal center  
f requencies f rom 50 Hz t o  10,000 Hz. Deviat ions from a un i fo rm frequency 
response s h a l l  be determinable f rom inst rument  manufacturer 's  data,  user 
c a l i b r a t i o n s ,  or combinations o f  both.  
i n  environmental cond i t ions  s h a l l  be cons is ten t  w i t h  the requirements f o r  
Type 1 instruments o f  the l a t e s t  e d i t i o n  o f  I E C  651 (Reference 2). The 
range i n  which the system i s  i n s e n s i t i v e  t o  temperature change s h a l l  be 
broad enough t o  inc lude the temperature range expected du r ing  t e s t i n g .  

The system s e n s i t i v i t y  t o  v a r i a t i o n s  

5.1.1 Microphones and Related Components: Microphones and r e l a t e d  s igna l  
cond i t i on ing  and t ransmiss ion components s h a l l  have the f o l  lowing 
character  i s t i cs : 

. The system outpu t  f o r  a constant acous t ica l  i n p u t  s h a l l  change by no 
more than 0.3 dB w i t h i n  any one hour. 

The f r e e  f i e l d  frequency response o f  the microphone i n  the reference 
incidence d i r e c t i o n  s h a l l  l i e  w i t h i n  an envelope having the f o l l o w i n g  
1 i m i  t s :  

Frequency Ranue, Hz 

. 

Tolerance Limi  t s .  dB 

45 t o  4500 
4500 to 11 200 

- +1 
- t1 .5  

NOTE: The reference incidence d i r e c t i o n  i s  the inc idence angle f o r  
which the microphone was designed by the manufacturer t o  prov ide  the 
most un i fo rm f r e e  f i e l d  response over the widest  range o f  f requencies.  
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5.1.1 (Continued): 

. The change i n  s e n s i t i v i t y  of the  microphone over the incidence angle 
range o f  +30 deg r e l a t i v e  t o  the reference incidence d i r e c t i o n  s h a l l  
n o t  exceed the  f o l l o w i n g :  

Freauencv Range. Hz Change i n  S e n s i t i v i t y .  dB 

45 t o  2240 
2240 t o  4500 
4500 to  5600 
5600 t o  7100 
7100 t o  11 200 

0.5 
1 .o 
2.5 
4.0 
5.0 

. Microphone windscreens s h a l l  be employed w i t h  microphones dur ing  a l l  
measurements when the wind speed a t  the h e i g h t  o f  the  microphones 
exceeds 11 km/hour. I f  used, microphone windscreens s h a l l  no t  have an 
e f f e c t  on microphone s e n s i t i v i t y  o f  more than 1 dB a t  any frequency 
f rom 45 Hz t o  11 200 Hz. The e f f e c t s  o f  a windscreen on microphone 
response s h a l l  be determined as a f u n c t i o n  o f  frequency and sound 
inc idence angle. These e f f e c t s  s h a l l  be accounted fo r  2 s  c a l i b r a t i o n s  
i n  the  da ta  ana lys is .  

5.1.2 Data Storaue and R e t r i e v a l  System: The da ta  storage and r e t r i e v a l  sys tem 
normal ly  cons is ts  o f  mult i-channel analog or d i g i t a l  record ing  and 
reproducing systems and associated s igna l  c o n d i t i o n i n g  equipment ( for  
example, a m p l i f i e r s  and a t tenuators  i n s t a l  l e d  between the  microphone 
p r e a m p l i f i e r  and recorder ) .  

Data storage and r e t r i e v a l  systems s h a l l  have t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  

. A t  the standard record ing  l e v e l  f o r  analog systems or 10 dB below 
maximum i n p u t  l e v e l  for  d i g i t a l  systems,  w i t h i n  each one- th i rd  octave 
frequency band hav i  ng nomi na1 m i  dband f requenci e s  between 180 and 
11 200 Hz, the  frequency response s h a l l  be f l a t  w i t h i n  k0.2 dB and 
w i t h i n  each one- th i rd  octave band having nominal midband frequencies 
between 45 and 180 Hz the  frequency response s h a l l  be f l a t  w i t h i n  
- t.0.5 dB. 

The above requirement considers the standard record ing  l e v e l  for  analog 
systems to  be 10 dB below +40% d e v i a t i o n  for FM record ing  and 10 dB 
below the  3% harmonic d i s t o r t i o n  l e v e l  for  d i r e c t  record ing.  

. Background e l e c t r i c a l  noise produced by t h e  sys tem i n  any one- th i rd  
octave band cover ing the  frequency range from 45 t o  11 200 Hz s h a l l  be 
a t  l e a s t  35 dB below the  standard record ing  l e v e l  so t h a t  measured 
sound pressure l e v e l s  are no t  contaminated. 

. At tenuators  inc luded i n  the measuring chain t o  permi t  range changing 
s h a l l  operate i n  i n t e r v a l s  o f  i n t e g r a l  steps w i t h  a cumulat ive e r r o r  
between any two s e t t i n g s  n o t  more than 0.2 dB. 
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5.1.2 (Continued): 

. For a d i r e c t  record ing  system the ampl i tude f l u c t u a t i o n s  o f  a constant 
l e v e l  1000 Hz s inuso ida l  i n p u t  s igna l  recorded a t  the standard 
record ing  l e v e l  s h a l l  be w i t h i n  t0.5 dB throughout any r e e l  of magnetic 
tape f rom the same manufacturer 's batch as the  one u t i l i z e d  for  the 
engine noise measurement, 
s p e c i f i c a t i o n  s h a l l  be made us ing  a device w i t h  t i m e  averaging 
p roper t i es  equal to  those used f o r  the engine noise measurements. 

Measurements t o  v e r i f y  compliance w i t h  t h i s  

. I f  a d i g i t a l  data sys tem i s  used t o  store in fo rmat ion ,  the s igna l  
sampling r a t e  s h a l l  be s u f f i c i e n t  t o  achieve the sys tem frequency 
response de f ined above. This system s h a l l  have an error de tec t i on  
c a p a b i l i t y  such t h a t  no more than f l v e  percent  o f  the  data are excluded. 

5.2 Acoust ica l  Data Reduction System: The acous t ica l  data reduc t i on  system 
cons is ts  o f  those components. t h a t  conver t  the ou tpu t  o f  the acous t i ca l  data 
a c q u i s i t i o n  system i n t o  time-averaged one- th i rd  octave band sound pressure 
l-evels. The o b j e c t i v e  i s  t o  f i l t e r  the s igna l  i n t o  one- th i rd  octave bands, 
t o  square the f i l t e r e d  s igna l ,  determine the  time-mean-square sound 
pressures, and t o  produce the r e s u l t  as sound pressure l e v e l s  i n  dec ibe ls .  
The data reduc t i on  system may use analog, d i g i t a l ,  or a combination o f  
analog and d i g i t a l  techniques. The acous t ica l  data reduc t i on  sys tem s h a l l  
comply w i t h  the  f o l l o w i n g  s p e c i f i c a t i o n s :  

, The f i l t e r i n g  process s h a l l  inc lude the 24 one- th i rd  octave bands having 
p re fe r red  frequencies from 50 Hz t o  10 O00 Hz. 
f i l t e r s  s h a l l  be cons is ten t  w i t h  the  requirements of  the l a t e s t  e d i t i o n  
of IEC 225 (Reference 3)  o r  the  equ iva len t  performance as s p e c i f i e d  f o r  
Type 1 f i l t e r s  i n  ANSI  S1.ll-1986 (Reference 4) .  

The analyzer  s h a l l  produce a s e t  o f  twenty-four one- th i rd  octave band 
sound pressure l e v e l s ,  i n  dec ibe ls ,  represented mathemat ica l ly  as: 

The performance o f  the 

. 

, ( 1 )  

6 t 
where p f ( t >  i s  the instantaneous t ime-varying sound pressure s igna l  (or 
i t s  e l e c t r i c a l  o r  numerical analog) a t  the ou tpu t  o f  a f i l t e r  ( o f  band 
c e n t e r  frequency f ) ,  T i s  the averaging t i m e ,  p i s  the reference sound 
pressure (20 mir ropascals) ,  and l g  i s  the symbo? for  a base 10 logar i thm.  

, The r e s o l u t i o n  o f  the one- th i rd  octave band sound pressure l e v e l s  t h a t  
r e s u l t  f rom per forming the opera t ion  def ined by Equation ( 1 )  s h a l l  no t  
exceed 0.3 dec ibe l .  
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5.3 

5.4 

Linear Operatinu Range of Acoustical Data Acquisition and Reduction 
Systems: Linearity error is the departure from an ideal linear relationship 
between the indicated one-third octave band sound pressure at the output of 
the data reduction system and the level of a steady sinusoidal electrical 
signal at the microphone preamplifier. The error shall not exceed t 0 . 7  dB 
over the operating range of input voltage levels from O to 30 dB below the 
full scale reading and not exceed ~1.0 dB between 30 and 40 dB below the 
full scale reading. Compliance with this limit on linearity error shall be 
demonstrated for test signal frequencies of 63, 1000, and 8000 Hz. Errors 
that may be introduced by level-range-control attenuators are included 
within the limits on linearity error. 

Meteoroloai cal Measurement System: The meteorological measurement system 
consists of instruments to measure wind speed, wind direction, ambient air 
temperature, relative humidity and atmospheric pressure. The objective i s  
to monitor meteorological conditions to ensure that static noise tests are 
conducted within specific meteorological limits and to provide information 
needed for acoustical data normalization to reference meteorological 
conditions, see 7.2.4. Methods and instruments shall conform with the 
fol lowing: 

'1. 

The meteorological sensors shall be located in the vicinity of the 
microphone array over or adjacent to the same surface that extends from 
the engine to the far-field microphones, but located such that they do 
not cause acoustic interference effects at any microphone station. Also, 
the sensors shall be at locations not influenced by engine inlet and 
exhaust flow fields. 

Ambient air temperature shall be measured at engine centerline height. 
If ground plane microphones are used, an additional temperature 
measurement shall be made o f  the air within 5 mm of the ground plane 
microphone diaphragm height. This can be accomplished by positioning 
either the temaerature sensor or the air intake of an asairation system 
at this specified height. The ground temperature 
in the general area beneath the engine centerline 
(Reference 7.1.4). 

Ambient atmospheric pressure shall be measured in 
acoustical arena. 

Wind speed and direction shall be measured at eng 

sensor' shall be iocateb 
height sensors. 

the vicinity of the 

ne centerline height. 

Relative humidity shall be determined from measurements taken at a height 
between one-half the engine centerline height and the engine centerline 
height. 

The accuracy of the instruments shall be equal to or better than the 
fol lowing: 

Parameter Accuracy 
Wind Speed - +2.0 km/h above 1 km/h 
Nind Direction - +5 degrees 
Air Temperature - +O. 5°C 
Relative Humidity 
Atmospheric Pressure - t0.5 kPa 

- +3 percentage points 
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5.5 Engine Performance Mjasurements: As a minimum instruments shall be provided 
to define the prime engine power setting parameter (for example, fan rotor 
speed, engine pressure ratio, or thrust). The objectives are to ensure that 
the engine is set at the desired operating condition and i s  stable when 
sound pressure signals are recorded. The instruments shall have the 
capability of determining the value of the power setting parameter within an 
accuracy consistent with a rotor speed measurement accuracy of one percent. 
Ambient temperature and pressure measurements al so are required to adjus€ 
engine performance data to appl i cable reference conditions . 
Instruments installed in flow paths can create noise sources that produce 
unwanted signals in the measured far field sound pressure levels. 
additional engine parameters that may be needed for analysis and 
interpretation of noise data (for example, airflows, fan pressure ratio, and 
other pressures and temperatures) are defined from relationships between the 
prime engine power setting parameter and the additional parameters developed 
from either separate engine performance tests of the noise test engine, from 
another engine having identical hardware, or from the standard performance 
defined by the manufacturer for that bill-of-material configuration. Only 
essential instruments (that is, bill-of-material instruments for a 

Thus, 

particular engine model) shall be installed in engine flow paths. 

6. MICROPHONE LOCATIONS AND INSTALLATIONS: 

The objectives are to locate microphones (1) far enough from the engine s 
that the measured sound pressure levels can be extrapolated to greater 
di stances without the need to consider the detai led distribution of 
individual noise sources, and ( 2 )  at appropriate angular intervals to def 
sound field directional characteristics. 

To meet the above objectives, the microphones shall be located a distance 
from the enaine of at ieast 15 times the diameter of the larcrer of either 

ne 

the 
fan or compressor blades. 
engines and 30 m for small engines i s  commonly used. Special considerations 
for cases where jet noise i s  o f  prime interest are described in Section A2 of 
the Appendix. 

A minimum radial distance of 45 m-for large 

The angular location of the microphones shall be identified relative to an 
engine station along the engine centerline such as the plane of the fan 
inlet, fan face, fan discharge nozzle exit or primary nozzle exit. 
angular range of interest, which typically is from l0.deg (forward) to 
160 deg (aft) the angular interval between microphones shall not exceed 
10 deg. Microphones-shall be located at increments less than 10 deg (for 
example, 5 deg increments) over that angular range in which the highest 
turbomachinery noise levels are expected in order to determine directional 
characteristics of those noise sources. Under certain conditions traversing 
microphones may be used. 

Over the 

See Section A4 o f  the Appendix. 
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6. (Continued): 

TWO types of microphone installations are recommended. 
mast or pole is used to support the microphone at engine centerline height. 
Either a "pressure-type" (that i s ,  randoin-i ncidence) mi crophone at grazing 
incidence or a "free-field type" a t  normal inctdence may be used. 
installed, the pole mounted microphones shall be oriented such that sound 
naves propagating directly from the engine noise sources arrive at 
approximately the incidence angle that is appropriate for the microphone type 
and i t s  reference incidence direction. 

In one installation a 

When 

In the other type of installation a rrpressure-type" microphone is located 
sufficiently near the ground plane so that the direct and reflected sound 
waves are essentially in phase over the frequency range o f  interest (one 
example o f  a ground plane microphone Installation i s  shown in Appendix B o f  
Reference 1). The microphone shall have uniform pressure response as a 
function of frequency. 

7. ACQllST%CAb CALIBRATION AND MEASUREMENT PROCEDURES: 

When conducting a static noise t e s t  and perforining the subsequent data 
analysi s , the objective i s to obtai n val 1 d, repeatabl e sound pressure 
measurements. This section presents the Calibration, measurement, and 
analysis procedures to accomplish that objective. Special test 
considerations are discussed in the Appendix. 

7.1 General Test Procedures: 

7.1.1 

eve 1 

Calibrations - Frequency Response: Calibratlsns shall be performed t o  
determine deviations of the entire recording and reproducing system Prom a 
uniform frequency response. The non-uniformities shall be determined in 
terms o f  time averaged one-third octave band sound pressure levels 
relative t o  the sound pressure lbve1 in the band containing the acoustical 
calibration reference frequency. 
required to adjust the recording and reproducing systems t o  a uniforni 
frequency response shall be applied to the measured data (Reference 
7.2.3.) .  

The one-third octave band corrections 

The following defines two terms used in this section. 

Test Period - normally the duration o f  time during which an engine is 
continuously operated, meteorological conditions are monitored, and 
acoustical data are obtained. 
less than 24 hours. 

The duration o f  a test period normally is 

Test Series - normally one or more test periods during which the engine 
remains installed a t  the test site although the configuration may change. 
The duration o f  a test series normally i s  measured in weeks, depending on 
the number of configurations to be tested and the duration o f  time 
meteorological conditions are within acceptable test limits. 
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7.1.1 (Continued): 

Obtain an acoustical free field frequency response in the specified 
reference incidence direction for each microphone within three months 
prior to the test. This calibration may be determined by measuring the 
microphone's pressure response (for example, by use of an electrostatic 
calibrator in combination with manufacturer provided corrections) or by 
tests in a anechoic free field facility. The resulting response shall 
be within the tolerance limits given in 5.1.1. One-third octave band 
corrections required to adjust the actual response of a microphone to a 
uniform frequency response are referred to as the mi crophone frequency 
response nonuniformi ties. 

If microphone windscreens are necessary (Reference 5.1.1) the effect of 
each windscreen on microphone sensi tivi ty shall be determined. 
Manufacturer provided corrections may be used for new wind screens. 
(Note: windscreens that, have been in service should be inspected to 
assure that they are free from dust, liquids or other items that could 
alter the windscreen response. 
windscreen response may have been altered, it should either be 
discarded or recal i brated. 1 Windscreen responses shall be within the 
tolerance limits defined in 5.1.1. One-third octave band corrections 
required to adjust the actual response of a windscreen to a uniform 
frequency response are referred to as the windscreen frequency response 
nonuniformities. 

If there is evidence that the 

. The electrical frequency response of the components of the acoustical 
measurement system shall be determined. This response shall be 
determined either by calibrating the system in its entirety or by 
calibrating the system in sub-sections and then summing the response 
from each sub-section, 
noise or equal amplitude sinusoidal signals at the nominal center 
frequency o f  each one-third octave band. The inserted signals shall be 
at a constant level within a range o f  O to -10 dB relative to the full 
scale setting of the measurement system. This calibration shall be 
performed within two weeks prior to and within two weeks after each 
test series. 

Both methods require the insertion of pink 

When the system is calibrated in its entirety, the calibration signals 
are inserted or input at the microphone pre-amplifier and the measured 
levels are obtained from the output of the analysis system. 
electrical frequency response is the deviation from a uniform frequency 
response as determined from the one-third octave band output of the 
analysis system. 

The 

If the system is calibrated in sub-sections (for example, pre-amplifier 
through mi crophone cab1 es as one sub-section and recording system 
through analysis system as the other sub-section) the calibration 
signals are inserted at the input of each sub-section and the output is 
obtained at the last component of each sub-section. 
electrical response in each one-thhird octave band using this method i s  
the arithmetic sum of the responses from each sub-section. 
components from the microphone pre-amp1 ifier through the analysis 
system must be included in the summation process. 

The system 

All 
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7.1.2 C a l i b r a t i o n s  - Acoust ica l  S e n s i t i v i t y :  

. Before and a f t e r  each t e s t  p e r i o d  determine the o v e r a l l  
e lec t ro -acous t ica l  s e n s i t i v i t y  o f  the measurement sys tem by use o f  a 
s igna l  f rom an acous t ica l  c a l i b r a t o r  generat ing a known sound pressure 
l e v e l  a t  a known frequency. 

For systems t h a t  remain energized throughout the  t e s t  s e r i e s ,  t h i s  
c a l i b r a t i o n  s h a l l  be performed w i t h i n  one week p r i o r  t o  the  s t a r t  o f  
the  t e s t  s e r i e s ,  a t  weekly i n t e r v a l s  d u r i n g  the  t e s t  s e r i e s ,  and w i t h i n  
one week a f t e r  the t e s t  s e r i e s .  I n  a d d i t i o n ,  the  c a l i b r a t i o n  s h a l l  be 
conducted immediately fol lowing any component change. 

. The acous t ica l  c a l i b r a t o r  s h a l l  comply w i t h  the  requirements o f  
Reference 5 and s h a l l  produce the nominal sound pressure l e v e l  i n  the 
coupler o f  the c a v i t y  w i t h  an accuracy w i t h i n  k0.5 dB under the  
reference environmental cond i t ions  o f  Reference 5, 

. Prior t o  each t e s t  p e r i o d  the  reference sound pressure l e v e l  
c a l i b r a t i o n  s igna l  s h a l l  be recorded a t  near-standard record ing  l e v e l  
(Reference 5.1.2) through each data channel for  a per iû t i  of  a t  l e a s t  30 
seconds. The source of  the  reference s i g n a l  s h a l l  be e i t h e r  the  
acous t ica l  c a l i b r a t o r  or an e l e c t r i c a l  s igna l  of  the same frequency as 
t h e  s igna l  from the  acous t ica l  c a l i b r a t o r  and a t  a vo l tage t h a t  can be 
r e l a t e d  t o  the sound pressure l e v e l  produced by the  acous t ica l  
c a l i b r a t o r  f rom the  c a l i b r a t i o n  conducted p r i o r  t o  the  t e s t  per iod .  

7.1.3 C a l i b r a t i o n s  - S t a b i l i t y :  
no ise s igna l  through each data channel for  a d u r a t i o n  o f  a t  l e a s t  30 
seconds. The i n p u t  l e v e l  should be a t  t h e  standard record ing  l e v e l .  

Before and a f t e r  each t e s t  p e r i o d  record  a p i n k  

7.1.4 T e s t  Environmental Condi t ions:  

. Conduct t e s t s  when meteoro log ica l  c o n d i t i o n s  are w i t h i n  manufacturer 
s t a t e d  l i m i t s  on the  use o f  t h e i r  acous t ica l  t e s t  instruments.  

. There shal 

. Wind speed 
o f  22.5 km 

be no p r e c i p i t a t i o n  when o b t a i n i n g  acous t ica l  data.  

dur ing  acous t ica l  data a c q u i s i t i o n  s h a l l  n o t  exceed a mean 
h (12 knots )  nor a maximum o f  27.8 km/h (15 knots) .  

. Mean cross wind components perpendic 
averaged over 30 s s h a l l  no t  exceed 
acous t ica l  da ta  a c q u i s i t i o n .  

. No condensation on noise measurement 

. The acous t ica l  arena s h a l l  be f r e e  f 

l a r  t o  the  engine a x i s  a 
0.0 km/h (5.4 knots)  dur 

instruments.  

om anv coverina ( for  exa 
snow) t h a t  could a l t e r  the nominal acous t ica l  c h a r a c t e r i s t i c s  
surface. 

. One-third octave band l e v e l s  o f  ambient no ise should be 10 dB o r  more 
below the  measured engine noise l e v e l  i n  each one- th i rd  octave band i n  
the frequency range o f  i n t e r e s t .  (Reference 7.2.3) 
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7.1.4 (Continued): 

. A d d i t i o n a l l y ,  when ground plane microphones are used specia l  
precaut ions s h a l l  be employed t o  ensure t h a t  measurements are no t  
s i g n i f i c a n t l y  in f luenced by f a c t o r s  such as acoust ic  shadowing or 
s c a t t e r i n g ,  p a r t i c u l a r l y  a t  h igh  f requencies.  One approach i s  t o  l i m i t  
t e s t i n g  t o  temperature g rad ien t  and wind cond i t i ons  t h a t  preclude the 
l i k e l i h o o d  o f  shadowing or s c a t t e r i n g .  The weather c r i t e r i a  def ined i n  
F ig .  1 are those t h a t  have been determined from previous t e s t i n g  t o  
y i e l d  a h igh  degree o f  data repeatabi  1 i t y  over the range o f  temperature 
and wind condi t ions shown i n  the Figure.  A h igh  degree o f  data 
repeatabi  1 i t y  over t h i s  range o f  atmospheric cond i t i ons  suggests the 
absence o f  s i g n i f i c a n t  shadowing or s c a t t e r i n g  e f f e c t s .  

7.1,5 Test Data A c q u i s i t i o n :  

. For each acous t i ca l  data channel, record ambient no ise f o r  a t  l e a s t  
30 s w i t h i n  15 min before s t a r t i n g  the engine. 

. For each t e s t  cond i t i on ,  before i n i t i a t i n g  data reco rd ing  s t a b i l i z e  the 
engine such t h a t  the appropr ia te engine power s e t t i n g  parameter ( for  
example, f a n  r o t a t i o n a l  speed, engine pressure r a t i o ,  or t h r u s t )  does 
no t  vary more than t h a t  which i s  equiva lent  t o  a *1% v a r i a t i o n  i n  the 
r e l e v a n t  engine s h a f t  r o t a t i o n a l  speed. 

. Record f a r - f i e l d  sound pressure s igna ls  a t  each t e s t  c o n d i t i o n  f o r  a t  
l e a s t  30 seconds. 

. Obtain p e r i o d i c  recordings o f  temperature, r e l a t i v e  humid i ty  and 
atmospheric pressure du r ing  the pe r iod  o f  t ime when sound pressure 
s igna is  are being measured. 
cont inuously  or sampled a t  a s u f f i c i e n t l y  h igh  r a t e  such t h a t  a 
continuous rep resen ta t i on  o f  these parameters may be i n f e r r e d .  

Wind speed and d i r e c t i o n  s h a l l  be recorded 

. A t  each t e s t  cond i t i on ,  cont inuously record the prime engine 
performance parameter ( f o r  example, low-pressure s h a f t  r o t a t i o n a l  
speed) or sample a t  a s u f f i c i e n t l y  h igh  r a t e  such t h a t  a continuous 
rep resen ta t i on  o f  t h i s  parameter may be i n f e r r e d .  
o the r  p e r t i n e n t  engine performance parameters when sound pressure 
s i  gnal s are be i  ng recorded. 

P e r i o d i c a l l y  sample 

. Fol lowing completion o f  each pe r iod  o f  t e s t i n g  ( w i t h i n  15  min a f t e r  the 
engine has been shut down) record a post  t e s t  sample o f  ambient noise 
through each acous t i ca l  data channel f o r  a t  l e a s t  30 seconds. 
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7.2 Acoust ica l  Data Processinu Procedures: 

7.2.1 Data Reduction: A l l  data s h a l l  be processed through a data r e d u c t i o n  
system t h a t  complies w i t h  the requirements of 5.2. 

. Analyze record ings o f  the p i n k  noise or s inuso ida l  c a l i b r a t i o n  s igna ls  
(Reference 7.1.1 and 7.1.3) t o  y i e l d  one- th i rd  octave band sound 
pressure l e v e l s  averaged over a p e r i o d  o f  a t  l e a s t  15 s fo r  s inuso ida l  
s igna ls  and 20 s for  p i n k  noise.  
c o r r e c t i o n s  f rom the r e s u l t i n g  data r e l a t i v e  t o  the  sound pressure 
l e v e l  i n  the  one- th i rd  octave band conta in ing  the  reference acous t ica l  
c a l i b r a t i o n  frequency. 

Determine sys tem frequency response 

. Analyze the  s i n g l e  frequency reference acous t ica l  s e n s i t i v i t y  
c a l i b r a t i o n  s igna ls  (Reference 7.1.2) t o  y i e l d  sound pressure l e v e l s  
averaged over  a p e r i o d  o f  a t  l e a s t  15 s fo r  the  one- th i rd  octave band 
conta in ing  the c a l i b r a t i o n  frequency. 

. Analyze each s e t  o f  recorded f a r - f i e l d  sound pressure s i g n a l s  and 
ambient no ise s igna ls  (Reference 7.1.5) t o  y i e l d  one- th i rd  octave band 
sound pressure l e v e l s  averaged over a p e r i o d  of  a t  leas? 20 seconds. 

. The reference ampl i tude c a l i b r a t i o n  i s  the  average o f  the  c a l i b r a t i o n s  
recorded p r i o r  t o  and a f t e r  the t e s t  per iod .  (Reference 7.1.2.) 

7.2.2 System S t a b i l i t y :  C a l i b r a t i o n  data s h a l l  be used t o  determine t h a t  the 
s t a b i l i t y  o f  each channel o f  the data a c q u i s i t i o n  system was acceptable 
dur ing  the  t e s t  per iod .  

. I n  any one- th i rd  octave band pre and pos t  t e s t  s t a b i l i t y  c a l i b r a t i o n  
sound pressure l e v e l s  (Reference 7.1.3) fo r  each data system channel 
s h a l l  n o t  d i f f e r  by more than 0.8 dB. 

. The acous t ica l  sensi t i v i  ty  C a l i b r a t i o n  sound pressure l e v e l s  obta ined 
before and a f t e r  each t e s t  per iod  as descr ibed i n  7.1.2 f o r  each 
microphone or data system channel s h a l l  n o t  d i f f e r  by more than 0.5 dB. 

. For a sudden change i n  a microphone or da ta  system channel t h a t  leads 
t o  non-compl iance w l  t h  the  above s t a t e d  s t a b i  1 i ty  requirements, the 
t i m e  when t h e  change i n  s e n s i t i v i t y  occurred may be obvious f rom a 
rev iew o f  data. I f  t h i s  i s  the case, da ta  obta ined up t o  the  
sensi t iv i ty -change t i m e  may be considered v a l i d .  
s e n s i t i v i t y  changed i s  n o t  obvious, the data obta ined from t h a t  
microphone or da ta  system channel s h a l l  be considered i n v a l i d .  

I f  the t i m e  when the 
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