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1. I N T R O D U C T I O N  

The o b j e c t i v e  of  t h e  program d e s c r i b e d  i n  t h i s  r e p o r t  i s  

t h e  enhancement of t h e  i n f o r m a t i o n  and t e c h n i q u e s  t h a t  w i l l  be  

needed by DOT and t h e  r a i l r o a d s  i n  f u t u r e  locomot ive  n o i s e  mea- 

surements  and n o i s e  c o n t r o l .  

Noise measurements were performed on a  d i e s e l  e l e c t r i c  l oco-  

mot ive  p rov ided  by B u r l i n g t o n  Nor the rn ,  i n  c o o p e r a t i o n  w i t h  t h e  

A s s o c i a t i o n  o f  American R a i l r o a d s .  They were made w h i l e  t h e  

locomot ive ,  a n  SD40-2 manufac tured  by t h e  Elec t ro- Mot ive  D i v i s i o n  

of  Gene ra l  Motors ,  was o p e r a t e d  under  s i m u l a t e d  l i n e- h a u l  condi-  

t i o n s ,  under  maximum a c c e l e r a t i o n  and ,  under  coas t- by c o n d i t i o n s ,  

and w h i l e  i t  was s t a t i o n a r y  and connected  t o  a l o a d  c e l l .  

During moving o p e r a t i o n ,  e x t e r i o r  n o i s e  from t h e  locomot ive  

was measured by a s ix- microphone a r r a y  b e s i d e  t h e  t r a c k ,  and i n-  

t e r i o r  n o i s e  was measured by two microphones i n  t h e  cab .  During 

s t a t i o n a r y  o p e r a t i o n ,  e x t e r i o r  n o i s e  was measured a t  up t o  16  

l o c a t  i o n s  a round t h e  locomot ive  . 
The t e s t s  had s e v e r a l  g o a l s .  The purpose  of  t h e  moving t e s t  

was p r i m a r i l y  t o  q u a n t i f y ,  a s  w e l l  a s  p o s s i b l e ,  t h e  i n - s e r v i c e  

n o i s e  produced by t h e  locomot ive ;  of  a d d i t i o n a l  i n t e r e s t  was t h e  

c o n t r i b u t i o n  of  t h e  w h e e l / r a i l  n o i s e  t o  t h e  o v e r a l l  n o i s e  s igna-  

t u r e .  The s t a t i o n a r y  t e s t s  had two o b j e c t i v e s .  F i r s t ,  we 

wanted t o  de t e rmine  how c l o s e l y  t h e  n o i s e  produced i n  s t a t i o n a r y  

t e s t s  s i m u l a t e s  a c t u a l  i n - s e r v i c e  n o i s e .  T h e r e f o r e ,  t h e  locomo- 

t i v e  was t e s t e d  ( I )  w h i l e  o p e r a t i n g  s t e a d i l y  a t  a g i v e n  t h r o t t l e  

s e t t i n g  and  ( 2 )  w h i l e  r a p i d  t h r o t t l e  changes were made. Second, 

v a r i o u s  s t a t i o n a r y  t e s t s  were d e v i s e d  t o  de t e rmine  t h e  c o n t r i b u-  

t i o n  of  t h e  v a r i o u s  locomot ive  components t o  t h e  o v e r a l l  n o i s e  

s i g n a t u r e .  



Details of the locomotive noise sources are presented in 

Sec. 2, and the test sites are fully described in Sec. 3. The 

test procedure and results are presented in Sec. 4. Section 5 
presents conclusions and noise control recommendations and sug- 

gestions for additional work. 



2. T E S T  L O C O M O T I V E  

2.1 General D e s c r i p t i o n  

The t e s t  locomot ive  was. a n  SD40-2 d i e s e l  e l e c t r i c  locomot ive  

manufac tured  i n  F e b r u a r y ,  1972 by t h e  Elec t ro- Mot ive  D i v i s i o n  of  

Gene ra l  Motors.  The locomot ive ,  S e r i a l  No. 6332, was p rov ided  

by t h e  B u r l i n g t o n  Nor thern  R a i l r o a d  d i r e c t l y  o u t  of l i n e- h a u l  s e r -

v i c e  and r e p r e s e n t s  a  r e l a t i v e l y  new t y p e  of locomot ive  found 

t y p i c a l l y  i n  l i n e- h a u l  s e r v i c e  i n  t h e  Uni ted  S t a t e s  ( F i g .  2 . 1 ) .  

Twelve major  n o i s e  

s o u r c e s  t h a t  were i n-  

v e s t i g a t e d  i n  t h e  d i a g-  

n o s t i c  phase  of t h i s  

2rogram a r e  shown i n  

F i g .  2 .2 ;  i n  Sec .  2 .2 ,  

we b r i e f l y  d e s c r i b e  

each  s o u r c e  and i t s  

o p e r a t  i o n .  

2.2 N o i s e  S o u r c e s  

The e n g i n e  e x h a u s t  

s t a c k  on t o p  of  t h e  

locomot ive  hood a l l o w s  FIG. 2 . 1 .  T H E  T E S T  L O C O M O T I V E .  
t h e  e n g i n e  e x h a u s t  g a s e s  

t o  be v e n t e d  t o  t h e  a tmosphere  a f t e r  p a s s i n g  t h r o u g h  t h e  t u r b o-  

c h a r g e r .  There  i s  no m u f f l e r  on t h e  locomot ive  a l t h o u g h  t h e  ex- 

h a u s t  man i fo ld  and t u r b o c h a r g e r  p r o v i d e  some r e d u c t i o n  i n  exhaus t  

n o i s e  

The e n g i n e ,  a  3000-hp, 1 6- c y l i n d e r ,  2- s t roke- per- cycle ,  45OV, 

t u r b o c h a r g e d ,  d i e s e l  eng ine  (EMD Model 645E3) i s  hard-mounted t o  

t h e  main f rame r a i l s  of t h e  locomot ive .  It can  be  o p e r a t e d  a t  

 







The a i r  c o m p r e s s o r ,  l o c a t e d  behind  t h e  e n g i n e ,  i s  hard-  

mounted t o  t h e  f l o o r  of t h e  e n g i n e  compartment .  It i s  a  t h r e e -  

c y l i n d e r  u n i t  d r i v e n  m e c h a n i c a l l y  by t h e  eng ine  a t  t h e  same speed  

a s  t h e  e n g i n e .  It s u p p l i e s  compressed a i r ,  on demand, p r i m a r i l y  

f o r  t h e  b r a k e  sys tem.  

Three  48- in .- d iame te r  8- bladed r a d i a t o r  c o o l i n g  f a n s  a r e  

mounted on t o p  o f  t h e  hood above  t h e  compressor .  The f a n s  a r e  

d r i v e n  e l e c t r i c a l l y  a t  a p p r o x i m a t e l y  t w i c e  e n g i n e  speed  by motors  

which a r e  powered by t h e  D - 1 4  a u x i l i a r y  a l t e r n a t o r .  One, two, o r  

t h r e e  f a n s  may be  r u n n i n g  a t  any g i v e n  t i m e ,  depending  on e n g i n e  

c o o l i n g  r e q u i r e m e n t s .  

The t r a c t i o n  m o t o r  b l o w e r ,  main a l t e r n a t o r  b l o w e r ,  and d c  

a u x i l i a r y  g e n e r a t o r  a r e  d r i v e n  m e c h a n i c a l l y  on a common s h a f t  by  

t h e  e n g i n e  a t  t h r e e  t i m e s  t h e  e n g i n e  s p e e d .  The t r a c t i o n  motor  

. blower  i s  a  s q u i r r e l  c age  f a n  t h a t  a b s o r b s  abou t  122 hp a t  t h r o t -  

t l e  8 and s u p p l i e s  c o o l i n g  a i r  t o  a l l  6 t r a c t i o n  mo to r s  w h i l e  t h e  

main a l t e r n a t o r  b lower  t h a t  s u p p l i e s  c o o l i n g  a i r  t o  t h e  main 

a l t e r n a t o r  a b s o r b s  o n l y  20 hp .  T h i s  c o o l i n g  a i r  i s  e x h a u s t e d  

i n t o  t h e  e n g i n e  compartment where i t  c r e a t e s  a  s l i g h t  p o s i t i v e  

p r e s s u r e  t h a t  s e r v e s  t o  p r e v e n t  d i r t  from e n t e r i n g  t h e  compart-  

ment.  The dc a u x i l i a r y  g e n e r a t o r  s u p p l i e s  10  kW of  dc power f o r  

l i g h t i n g ,  b a t t e r y  c h a r g i n g ,  c o n t r o l  c i r c u i t s ,  and e x c i t a t i o n  f o r  

t h e  D - 1 4  a u x i l i a r y  a l t e r n a t o r .  

The a i r  compar tment  i n t a k e  p r o v i d e s  a n  open ing  f o r  e x t e r i o r  

a i r  t o  e n t e r  t h e  a i r  compartment ( a  s m a l l  room between t h e  cab  

and t h e  e n g i n e  compartment ,  where t h e  i n t a k e s  f o r  t h e  e n g i n e ,  

t r a c t o r  motor ,  and main a l t e r n a t o r  a r e  l o c a t e d ) .  F i g u r e  2 . 3  

shows d e t a i l s  of t h e  equipment i n  t h e  a i r  compartment .  

The d u s t  b i n  b l o w e r  i s  a  s m a l l  ( a p p r o x i m a t e l y  10  h p )  blower 

t h a t  e x h a u s t s  from t h e  t o p  o f  t h e  l ocomot ive  hood. It p r o v i d e s  
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FIG. 2 . 3 .  DETAILS O F  THE AIR COMPARTMENT. 

i n e r t i a l  s e p a r a t i o n  of d i r t  p a r t i c l e s  from t h e  a i r  e n t e r i n g  t h e  

a i r  compartment.  

Two dynamic b r a k e  f a n s  a r e  l o c a t e d  on t o p  of t h e  hood above 

t h e  e n g i n e .  These f a n s  a r e  48 i n .  i n  d i a m e t e r  and e a c h  h a s  1 0  

e q u a l l y  spaced  b l a d e s .  They p r o v i d e  c o o l i n g  a i r  f o r  t h e  dynamic 

b rake  r e s i s t o r  g r i d s .  The f a n s  a r e  connec ted  i n  s e r i e s  w i t h  t h e  

g r i d s  and ,  hence ,  t h e i r  r o t a t i o n  r a t e  depends on t h e  l o a d  a p p l i e d  

t o  t h e  g r i d s  d u r i n g  b r a k i n g  o r  s e l f - l o a d .  



Wheel/rail n o i s e  i s  t h a t  n o i s e  a s s o c i a t e d  w i t h  t h e  i n t e r -  

a c t i o n  between t h e  wheels  and t h e  r a i l s  a s  t h e  locomot ive  r o l l s  

a l o n g  t h e  t r a c k .  



3. T E S T  S I T E S  A N D  I N S T R U M E N T A T I O N  

3.1 P a s s - b y  T e s t s  

T e s t  S i t e  

The p a s s- b y  t e s t s  were  c o n d u c t e d  on a  s e c t i o n  o f  main l i n e  

p a s s e n g e r  t r a c k  owned by B u r l i n g t o n  N o r t h e r n  n e a r  t h e  Old G r e a t  

N o r t h e r n  &-Yard w i t h i n  t h e  c i t y  l i m i t s  o f  S t .  P a u l ,  M i n n e s o t a .  

The t r a c k  r a n  a p p r o x i m a t e l y  west t o  e a s t  and  had a  s p e e d  l i m i t  o f  

55 mph. The t r a c k  was j o i n t e d  w i t h  1 2 0  l b / y d  3 4 - f t  r a i l s ,  

mounted on  c l e a n  b a l l a s t ,  and  w a s  i n  good r e p a i r .  R e g u l a r  d a i l y  

t r a f f i c  on  t h e  t r a c k  c o n s i s t e d  o f  two s c h e d u l e d  p a s s e n g e r  (AMTRAK) 

t r a i n s  and  one  o r  two u n i t  c o a l  t r a i n s .  The t r a c k  was c l e a r  o f  

j u n c t i o n s  and  o b s t r u c t i o n s  f o r  a b o u t  3  m i l e s  on e i t h e r  s i d e  o f  

t h e  t e s t  s e c t i o n ,  e a s i l y  e n a b l i n g  t o p  s p e e d  t o  b e  r e a c h e d .  The 

t r a c k  t h r o u g h  t h e  t e s t  s e c t i o n  i t s e l f  was s t r a i g h t ,  a l t h o u g h  

t h e r e  was a s l i g h t  c u r v e ,  o f  r a d i u s  g r e a t e r  t h a n  2000 f t ,  beyond 

one  e n d  o f  t h e  t e s t  s e c t i o n .  

T h e r e  were  f o u r  p a r a l l e l  p a i r s  o f  t r a c k s  a t  t h e  t e s t  s i t e ;  

we u s e d  t h e  s e c o n d  one  f rom t h e  s o u t h w e s t  ( a  westbound p a s s e n g e r  

t r a c k ) .  S o u t h w e s t  o f  t h e  t e s t  t r a c k ,  t h e  g r a d e  d r o p p e d  a b o u t  8 
f t  f rom t h e  embankment o f  t h e  t r a c k  t o  a w i d e ,  g r a v e l e d  a r e a .  

Beyond t h i s  a r e a  ( a p p r o x i m a t e l y  200  f t )  were  more t r u c k s  on which 

g r a i n  c a r s  were  p a r k e d  a t  t i m e s .  To t h e  n o r t h ,  t h e  g r a d e  d r o p p e d  

o n l y  a b o u t  4  f t  t o  a n  unused  p a r t  o f  t h e  y a r d ,  c o v e r e d  w i t h  

s p a r s e  v e g e t a t i o n ,  a p p r o x i m a t e l y  2 f t  h i g h .  

Advan tages  o f  t h e  t e s t  s i t e  w e r e :  

a .  It was i n  a good s t a t e  o f  r e p a i r .  

b .  A h i g h  t o p  s p e e d  c o u l d  b e  a t t a i n e d .  

c .  No s h a r p  c u r v e s  were  n e a r  t h e  t e s t  s e c t i o n .  



d .  There  were no a d j a c e n t  l a r g e  r e f l e c t i n g  s u r f a c e s  o r  t r e e s .  

e .  Ambient n o i s e  was modera t e ly  low. 

D i sadvan tages  were: 

1. The t e s t  t r a c k  was e l e v a t e d  4 t o  8 f t  above t h e  s u r r o u n d i n g  

g rade .  

2 .  On one s i d e ,  t h e  t e s t  a r e a  was covered  w i t h  v e g e t a t i o n  of  

unknown c h a r a c t e r i s t i c s .  

3 .  Gra in  c a r s  pa rked  250 f t  away and a n  embankment 300 f t  

away caused  r e f l e c t i o n s .  

4 .  A highway 1200 f t  away c o n t r i b u t e d  t o  t h e  ambient n o i s e .  

5. A s w i t c h i n g  y a r d  nearby  a l s o  r a i s e d  t h e  ambient  n o i s e  

i n t e r m i t t e n t l y  . 
By and l a r g e  however,  t h e  S t .  Anthony Tower t e s t  s i t e  was con- 

s i d e r e d  good f o r  a c o u s t i c  measurements of  t h e  SD40-2 locomot ive .  

During pass- by t e s t s ,  locomot ive  n o i s e  was measured by s i x  

microphones s e t  o u t  i n  a  l i n e  p e r p e n d i c u l a r  t o  t h e  t r a c k ,  a s  

shown i n  F i g .  3 .1 .  P a i r s  of  microphones were s e t  a t  25,  50, and 

100 f t  on each  s i d e  o f  t h e  t r a c k  c e n t e r l i n e .  Because t h e  g rade  

g e n e r a l l y  dropped below t h e  t r a c k ,  t h e  microphones were mounted 

on t a l l  wooden s t a k e s  f o r  a  un i form h e i g h t  of  5 f t  above t h e  r a i l  

r unn ing  s u r f a c e .  

Instrumantation 

The i n s t r u m e n t a t i o n  c h a i n  i s  shown i n  F i g .  3 .2 .  Cables  were 

r u n  from e a c h  of t h e  s i x  microphones t o  a 6- channel  a m p l i f i e r  and 

t h e n  i n t o  a  7- channel  t a p e  r e c o r d e r .  The l e v e l s  of  t h e  s i g n a l s  

b e i n g  t ape- reco rded  were ~ o n i t o r e d  by m e t e r s  on each  of  t h e  
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amplifiers. The seventh channel of the tape recorder was used to 

record the outputs from the locomotive position sensors, a series 

of six photocells mounted at 20-ft intervals beside the track. 

A headlamp from the locomotive was mounted on the front steps of 

the locomotive and was used to trigger the photocells. The 

pulses from the six photocells were recorded on one channel of 

the tape recorder and used in the analysis to synchronize the 

data from all the microphones. 

In addition to external noise, measurements were made in- 

side the locomotive cab at locations corresponding to 6 in. from 
the operator's and brakeman's ears, with windows open and closed. 

These locations corresponded to approximately 4 ft above the 
floor. Overall measurements were made with a 1/2-in. microphone 

and B&K No. 2203 sound level meter during the pass-by tests. 
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FIG. 3.2. PASS-BY TEST INSTRUMENTATION. 

3.2 Stationary Tests 

The s i t e  f o r  t h e  s t a t i o n a r y  n o i s e  t e s t i n g  o f  t h e  l ocomot ive  

was s e l e c t e d  by t h e  a u t h o r s  w i t h  t h e  h e l p  o f  B u r l i n g t o n  Nor the rn  

p e r s o n n e l .  We sought  a g e o g r a p h i c a l l y  f l a t  s i t e  w i t h  low back-  

ground n o i s e  and no  s i g n i f i c a n t  r e f l e c t i n g  o b j e c t s  w i t h i n  2 0 0  f t  

o f  t h e  l ocomot ive .  The s i t e  we f i n a l l y  chose  was n e a r  t h e  p a s s -  

by t e s t  s i t e  a t  t h e  o l d  G r e a t  Nor the rn  &-Yard, a  p r e s e n t l y  unused 

f r e i g h t  y a r d  w i t h i n  t h e  c i t y  l i m i t s  o f  S t .  Pau l  n e a r  t h e  Minne- 

a p o l i s - S t .  P a u l  boundary.  F i g u r e  3 .3  shows t h r e e  views o f  t h e  

t e s t  s i t e  w i t h  t h e  l ocomot ive  and l o a d  c e l l  l o c a t e d  f o r  t e s t i n g .  

I n  t e r m s  o f  f l a t n e s s  and l a c k  of  r e f l e c t i n g  o b j e c t s ,  t h e  s i t e  was 





e x c e l l e n t .  It d i d  have two d i s a d v a n t a g e s :  The f i e l d  was over-  

grown w i t h  weeds approx ima te ly  2 f t  h i g h  and t h e  background n o i s e  

caused  some problems.  The most s e r i o u s  background n o i s e  s o u r c e s  

were a n  expressway a  q u a r t e r - m i l e  e a s t  of t h e  s i t e ,  a n  a c t i v e  

Chicago Nor thwes tern  f r e i g h t  y a r d  n o r t h  and west  of  t h e  s i t e ,  

o c c a s i o n a l  j e t  a i r c r a f t  f l y o v e r s ,  and o c c a s i o n a l  l i n e- h a u l  f r e i g h t  

and p a s s e n g e r  t r a i n s  on t h e  a c t i v e  t r a c k s  s u r r o u n d i n g  t h e  y a r d .  

A l l  n o i s e  s o u r c e s  b u t  t h e  highway were e l i m i n a t e d  by choos ing  

measurement p e r i o d s  when t h e s e  s o u r c e s  were n o t  o p e r a t i n g .  

Three  s t a t i o n a r y  n o i s e  t e s t s  were performed a t  t h i s  s i t e .  

They were:  

a.  B a s e l i n e  t e s t s  of t h e  n o i s e  g e n e r a t e d  by t h e  locomot ive  

i n  s t e a d y  o p e r a t i o n  a t  a  g i v e n  t h r o t t l e  s e t t i n g  loaded  

by a  r e s i s t o r  bank l o a d  c e l l . -  

b .  " T h r o t t l e  wipes" ,  i . e . ,  b a s e l i n e  t e s t s  of  t h e  n o i s e  gen- 

e r a t e d  d u r i n g  r a p i d  t h r o t t l e  changes .  

c .  D i a g n o s t i c  t e s t s  t o  de t e rmine  t h e  n o i s e  g e n e r a t e d  by t h e  

v a r i o u s  n o i s e  s o u r c e s  i n  t h e  locomot ive .  

The s i t e  c o n f i g u r a t i o n  and t h e  i n s t r u m e n t a t i o n  f o r  each  of t h e s e  

t e s t s  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

3 . 2 . 1  Baseline t e s t s  

Test Configuration 

For  t h e  measurements o f  t h e  n o i s e  g e n e r a t e d  by t h e  locomo- 

t i v e  w h i l e  s t a t i o n a r y  and loaded  by t h e  r e s i s t o r  bank l o a d  c e l l ,  

we i n i t i a l l y  c o n s i d e r e d  a  10  microphone a r r a y  s u r r o u n d i n g  t h e  

locomot ive  a t  a  r a d i a l  d i s t a n c e  of  100 f t  f rom t h e  geomet r i c  

c e n t e r  and 6 a d d i t i o n a l  microphones on a p e r p e n d i c u l a r  t o  t h e  

locomot ive  a x i s  a t  25 and 50 f t .  
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FIG. 3.4. B A S E L I N E  M I C R O P H O N E  L O C A T I O N S .  

I n  p r a c t i c e ,  i t  was no t  p o s s i b l e  t o  move t h e  l o a d  c e l l  s u f-  

f i c i e n t l y  f a r  away s o  t h a t  i t  would no t  i n t e r f e r e  w i t h  t h e  s u r-  

round ing  a r r a y  of microphones b o t h  a s  a  r e f l e c t i n g  o b j e c t  and as  

a n  e x t r a n e o u s  n o i s e  s o u r c e .  T h i s  was due p r i m a r i l y  t o  t h e  h i g h  

c o s t  o f  l o n g  l e n g t h s  of copper  c a b l e  heavy enough t o  c a r r y  t h e  

c u r r e n t  l o a d  from t h e  locomot ive  t o  t h e  load  c e l l .  Consequent ly ,  

we dec ided  t o  u s e  t h e  microphone a r r a y  and locomot ive  l o a d  c e l l  

c o n f i g u r a t i o n  shown i n  F i g .  3 . 4 .  T h i s  c o n f i g u r a t i o n  p rov ided  



h a l f  t h e  microphone l o c a t i o n s  p lanned  f o r  i n  t h e  o r i g i n a l  a r r a y .  

Data a t  t h e  r ema in ing  l o c a t i o n s  were o b t a i n e d  by t u r n i n g  t h e  

locomot ive  a round.  The microphone l o c a t i o n s  a r e  e a c h  numbered 

i n  F i g .  3 .4 f o r  e a s y  r e f e r e n c e .  Note t h a t  two numbers a r e  used  

t o  d e s i g n a t e  t h e  microphone on t h e  locomot ive  a x i s .  When t h e  

f r o n t  o r  cab  end o f  t h e  locomot ive  f a c e s  t h i s  microphone i t  i s  

r e f e r r e d  t o  a s  No. 5 .  When t h e  a f t  o r  c o o l i n g  f a n  end f a c e s  t h i s  

microphone i t  i s  r e f e r r e d  t o  a s  No. 1. T h i s  numbering scheme was 

used  p r i m a r i l y  t o  be c o n s i s t e n t  w i t h  t h e  scheme used  f o r  t h e  

microphone a r r a y  i n  t h e  d i a g n o s t i c  t e s t s  d e s c r i b e d  i n  Sec .  3 . 2 . 3 .  

A G e n e r a l  E l e c t r i c  a i r - c o o l e d  r e s i s t o r  bank l o a d  c e l l  was 

mounted on a  f l a t  c a r  and l o c a t e d  such  t h a t  t h e  locomot ive  a c t e d  

a s  a  b a r r i e r  between t h e  l o a d  c e l l  and most of  t h e  microphone 

p o s i t i o n s ,  t h e r e b y  r e d u c i n g  t h e  con tamina t ion  of  t h e  locomot ive  

n o i s e  by t h e  n o i s e  from t h e  l o a d  c e l l  b lower .  To r e d u c e  l o a d  

c e l l  n o i s e  even  more, a  3 /4 - in . - t h i ck  plywood b a r r i e r  a p p r o x i-  

ma te ly  8 f t  h i g h  was c o n s t r u c t e d  around t h r e e  s i d e s  of  t h e  l o a d  

c e l l  ( F i g .  3 . 5 ) .  Appendix C d e s c r i b e s  a  number of  measurements 

performed t o  d e t e r m i n e  t h e  n o i s e  l e v e l  g e n e r a t e d  by t h e  l o a d  

c e l l  a t  t h e  microphone l o c a t i o n s  o f  F i g .  3 .4 .  The f r o n t  s u r f a c e  

o f  t h e  l o a d  c e l l  b a r r i e r  was t i l t e d  back a t  a n  a n g l e  ( app rox ima te ly  

15O) and a l l  t h r e e  e x t e r i o r  s u r f a c e s  were covered  w i t h  3 i n .  o f  

f i b e r g l a s s  t o  r e d u c e  r e f l e c t i o n s  t h a t  might con tamina te  t h e  

measurements .  S i x  100- f t- long c a b l e s  were used t o  connec t  t h e  

locomot ive  t o  t h e  l o a d  c e l l .  However, because  o f  r e s t r i c t i o n s  on 

l o c a t i o n  and because  a  c o n s i d e r a b l e  l e n g t h  of  c a b l e  was r e q u i r e d  

t o  l i n k  t h e  l o a d  c e l l  and t h e  o u t p u t  b u s s e s  o f  t h e  main a l t e r n a t o r  

i n s i d e  t h e  locomot ive ,  t h e  l o a d  c e l l  c o u l d  be  p l a c e d  o n l y  53 f t  

from t h e  locomot ive  ( F i g .  3 . 4 ) .  



F I G .  3 . 5 .  L O A D  C E L L  B A R R I E R .  

Instrumentation 

Both n o i s e  and v i b r a t i o n  were measured d u r i n g  t h e  b a s e l i n e  

t e s t  sequence .  The n o i s e  was measured a t  t h e  8 microphone l o c a-  

t i o n s  i n  F i g .  3 . 4 ,  and t h e  v i b r a t i o n  was measured a t  t h e  main 

a l t e r n a t o r ,  e n g i n e ,  compressor ,  r a d i a t o r  c o o l i n g  f a n ,  and dynamic 

b r a k e  c o o l i n g  f a n  mounting p o i n t s .  

A t y p i c a l  microphone i n s t r u m e n t a t i o n  c h a i n  i s  shown i n  F i g .  

3 . 6 .  Up t o  s even  microphones were r u n n i n g  a t  any g i v e n  t i m e ,  no t  

a lways  w i t h  t h e  same equipment .  O c c a s i o n a l l y ,  a  B&K No. 2209 

microphone power s u p p l y  was s u b s t i t u t e d  f o r  t h e  GR P 4 0 .  I n  
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FIG. 3.6. T Y P I C A L  M I C R O P H O N E  I N S T R U M E N T A T I O N  C H A I N .  

addition, a General Radio 1-in. crystal microphone and P42 pre- 

amplifier were substituted for the B&K microphone and GR P40 pre- 

amplifier at a given location when the latter failed. Though the 

Lockheed tape recorder was used at 3-3/4 ips for most multichannel 

recordings, failure of the drive system on that instrument later 

in the program required all subsequent recordings to be made 

using the Nagra recorder at 7.5 ips, two channels at a time. For 

all cases in which only two channels were required, the Nagra 

machine was used in place of the Lockheed. Acceleration records 

were similarly obtained. A typical accelerometer instrumentation 

chain is shown in Fig. 3.7. 
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The major  d i f f e r e n c e s  between t h e  performance of  t h e  two 

t a p e  r e c o r d e r s  of  i n t e r e s t  f o r  t h i s  program a r e  t h e  f r equency  

r e s p o n s e  below 100 Hz and t h e  dynamic r a n g e .  The Lockheed r e -  

q u i r e d  +16-dB compensa t ion  i n  t h e  63-Hz 1/3-octave band and +6-dB 

compensat ion i n  t h e  80-HZ 1/3-oc tave  band. The Nagra r e q u i r e d  no 

compensa t ion .  The Lockheed on d i r e c t  r e c o r d  h a s  a dynamic r a n g e  

of app rox ima te ly  4 2  dB and t h e  Nagra app rox ima te ly  65 dB. 

3 . 2 . 2  " T h r o t t l e  wipe" t e s t s  

T e s t  Configuration 

The locomot ive  was s e t  up a s  i n  t h e  b a s e l i n e  t e s t s ,  and  two 

microphones were employed a t  p o s i t i o n s  3 and 4 ,  100 f t  from t h e  



geomet r i c  c e n t e r  of t h e  locomot ive .  Measurements were performed 

o n l y  on t h e  r i g h t  s i d e  of t h e  locomot ive .  

Instrumentation 

The o u t p u t s  from t h e  two microphones were r e c o r d e d  on a  

Nagra s t e r e o  SJ-IV t a p e  r e c o r d e r  ( s e e  F i g .  3 . 6 )  and l a t e r  p layed  

back ,  t h r o u g h  a n  A-weighting f i l t e r ,  i n t o  a  g r a p h i c  l e v e l  r e c o r d e r .  

3 . 2 . 3  D i a g n o s t i c  t e s t s  

Test Configuration 

For  t h e  d i a g n o s t i c  t e s t s  t h e  locomot ive  and l o a d  c e l l  were 

s e t  up a s  f o r  t h e  b a s e l i n e  t e s t s  d e s c r i b e d  i n  Sec .  3 . 2 . 1 .  Seven 

microphones mounted 5 f t  above t h e  r a i l  and l o c a t e d  a s  shown i n  

F i g .  3 .8  were used .  The microphone l o c a t i o n s  a r e  numbered i n  a  

manner c o n s i s t e n t  w i t h  t h e  numbering scheme i n  F i g .  3 . 4  f o r  t h e  

b a s e l i n e  t e s t s .  Note a g a i n  t h a t  microphone No. 5 i s  i n  f r o n t  of  

t h e  locomot ive  and No. 1 i s  a t  t h e  r e a r  of t h e  locomot ive .  

Instrumentation 

The i n s t r u m e n t a t i o n  f o r  t h e  d i a g n o s t i c  t e s t s  i s  t h e  same a s  

t h a t  d e s c r i b e d  i n  Sec .  3 . 2 . 1  f o r  t h e  b a s e l i n e  t e s t s .  The d i a g-  

n o s t i c  t e s t s ,  however, were done l a t e  i n  t h e  measurement program 

a f t e r  f a i l u r e  of t h e  Lockheed t a p e  r e c o r d e r .  A s  a r e s u l t ,  a l l  

r e c o r d i n g  w a s  made on t h e  Nagra t a p e  r e c o r d e r  e i t h e r  one o r  two 

c h a n n e l s  a t  a  t ime  t h r o u g h  a  s w i t c h  box. 
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F I G .  3 .8 .  D I A G N O S T I C  T E S T .  



T e s t  
No. 

T h r o t t l e  
S e t t i n g  

Nominal 
Speed 

mph 

A c t u a l  
Speed 

mph 
D e s c r i p t i o n  

1 1 1 0  7-12 Simulated l i n e  h a u l  c o n d i t i o n  

2  1 2 0  18-20 Simulated l i n e  h a u l  c o n d i t i o n  

3 4 4 0  32-39 Simulated l i n e  h a u l  c o n d i t i o n  

4  8  5 5  57-61 Simulated l i n e  h a u l  c o n d i t i o n  

5 8  2 0  29-36 F u l l  a c c e l e r a t i o n  c o n d i t i o n  

6  8 40 50-55 F u l l  a c c e l e r a t i o n  c o n d i t i o n  

7 8 5  5  57-61 F u l l  a c c e l e r a t i o n  c o n d i t i o n  

8 Shut down . 1 0  8-12 W h e e l / r a i l  n o i s e  t e s t s  

9  Shut down 20 15-20 Whee l / ra i l  n o i s e  t e s t s  

1 0  I d l e  40 38-41 Whee l / ra i l  n o i s e  t e s t s  

11 I d l e  5  5  52-55 Whee l / ra i l  n o i s e  t e s t s  

4 .  TEST PROCEDURES AND RESULTS 

4 .1  P a s s - b y  T e s t s  

T e s t  P r o c e d u r e  

The locomot ive ,  o p e r a t e d  by a  crew of  two, was swi t ched  on 

t o  t h e  main westbound p a s s e n g e r  l i n e .  A two-way w a l k i e- t a l k i e  

r a d i o  was used t o  m a i n t a i n  c o n t a c t  w i t h  t h e  locomot ive  crew. The 

locomot ive  was r u n  th rough  t h e  t e s t  s e c t i o n  a t  t h e  11 combina t ions  

of  speed  and t h r o t t l e  s e t t i n g s  l i s t e d  i n  Table  4 . 1 .  Note t h a t  

t e s t s  4 and 7 a r e  nominal ly  t h e  same. Tes t  4 was supposed t o  be 

a t  s t e a d y  speed  and t e s t  7 a t  maximum a c c e l e r a t i o n ,  bu t  i n  prac-  

t i c e  t h e r e  was v i r t u a l l y  no d i f f e r e n c e  between t h e  two c a s e s .  

TABLE 4.1. TEST SCHEDULE OF SPEED AND THROTTLE SETTINGS. 



During most o f  t h e  t e s t s ,  t h e  l ocomot ive ,  a c c e l e r a t e d  t o  t h e  

r e q u i r e d  speed  and pas sed  t h r o u g h  t h e  t e s t  s e c t i o n  a t  t h e  r e q u i r e d  

t h r o t t l e  s e t t i n g .  I n  p r a c t i c e ,  o b t a i n i n g  t h e  r e q u i r e d  speed  i n  

t h e  t e s t  s e c t i o n  was d i f f i c u l t  a s  i s  r e a d i l y  a p p a r e n t  from a  com- 

p a r i s o n  of  nominal and a c t u a l  ( p h o t o c e l l  de t e rmined)  speeds  i n  

Table  4 . 1 .  The locomot ive  was t h e n  s topped  u s i n g  b o t h  dynamic 

b r a k e s  ( e x c e p t  when t h e  eng ine  was s h u t  down) and a i r  b r a k e s ,  r e -  

v e r s e d ,  and r u n  t h r o u g h  t h e  t e s t  s e c t i o n  i n  t h e  o p p o s i t e  d i r e c -  

t i o n .  For  t e s t s  8 and 9 ,  t h e  e n g i n e  was s h u t  down j u s t  b e f o r e  

e n t e r i n g  t h e  t e s t  s e c t i o n .  I n  t e s t s  10  and 11, i t  was swi tched  

t o  i d l e ,  s o  t h a t  dynamic b r a k i n g  was r e t a i n e d  t o  s t o p  t h e  locomo- 

t i v e .    his was r e q u i r e d  s o  t h a t  main g e n e r a t o r  c u r r e n t  was 

a v a i l a b l e  t o  e x c i t e  t h e  t r a c t i o n  motor f i e l d .  The motors  t h e n  

became g e n e r a t o r s  and t h e i r  power was d i s s i p a t e d  i n  t h e  dynamic 

b rake  r e s i s t o r  g r i d s .  A t  h i g h  speeds  u s e  of t h e  dynamic b r a k e s  

r e d u c e s  c o n s i d e r a b l y  t h e  wear on t h e  a i r  b rake  sys tem.  When a l l  

t h e  t e s t s  had been conducted  w i t h  t h e  locomot ive  t r a v e l i n g  f o r -  

ward and i n  r e v e r s e ,  t h e  locomot ive  was t u r n e d  around and t h e  

runs r e p e a t e d .  T h i s  p rocedure  gave a t o t a l  of 44 r u n s  t o  be 

a n a l y z e d .  

I n- C a b  T e s t  R e s u l t s  

Tab le  4 . 2  g i v e s  t h e  r e s u l t s  of t h e  in- cab n o i s e  measurements .  

Speeds were de t e rmined  u s i n g  o n l y  t h e  in- cab speedometer .  A s  

e x p e c t e d ,  t h e r e  i s  l i t t l e  d i f f e r e n c e  between t h e  measurements a t  

t h e  o p e r a t o r  and b r a k e m a n ' p o s i t i o n s .  

A t  low t h r o t t l e  s e t t i n g s ,  t h e r e  i s  p r a c t i c a l l y  no change i n  

t h e  n o i s e  w i t h  t h e  cab  windows open o r  c l o s e d .  A t  t h r o t t l e  8 ,  
opening  t h e  window i n c r e a s e s  n o i s e  by 2 . 5  t o  4 dBA. 
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Wayside T e s t  R e s u l t s  

Wayside measurements a r e  t a b u l a t e d  i n  Tab le  4 .3 .  Both 

powered pass- by and unpowered coas t- bys  were measured.  Peak 

coas t- by n o i s e  l e v e l s  a r e  p l o t t e d  a s  a  f u n c t i o n  of t r u e  locomo- 

t i v e  v e l o c i t y  i n  F i g .  4 . 1 .  S t r a i g h t  l i n e s  have been f i t t e d  t o  

t h e  d a t a  p o i n t s  i n  F i g .  4 . 1  u s i n g  t h e  method of l e a s t  s q u a r e s .  

The r e s u l t i n g  e q u a t i o n s  a r e  

La = 28 l o g  V + 45.8 @ 25 f t  

La = 23 .3  l o g  V + 43.7 @ 50 f t  

La = 23.5  l o g  V + 37.4 @ 100 f t  

where La i s  t h e  peak A-weighted sound p r e s s u r e  l e v e l  a t  t h e  

g i v e n  d i s t a n c e  from t h e  t r a c k  c e n t e r l i n e  and V i s  t h e  speed i n  

m i l e s  p e r  hour .  The sound l e v e l  can  be  s e e n  t o  i n c r e a s e  l i k e  

v2 o r  v 3  which i s  t h e  r ange  of v e l o c i t y  dependence commonly 

found f o r  w h e e l / r a i l  n o i s e .  Note t h a t  a t  100 f t  t h e  measured 

l e v e l s  had t o  be  c o r r e c t e d  downward 1 t o  2 dBA a t  low speeds  

because  of  t h e  r e l a t i v e l y  h i g h  background.  When t h e  w h e e l / r a i l  

n o i s e  of  F i g .  4 . 1  i s  compared w i t h  t h e  powered dr ive- by d a t a  i n  

Tab le  4 .3 ,  It i s  a p p a r e n t  t h a t  w h e e l / r a i l  n o i s e  can  be a  s i c n i f -  

i c a n t  c o n t r i b u t o r  t o  locomot ive  n o i s e  a t  low t h r o t t l e  s e t t i n g s .  

A t  t h r o t t l e  1, w h e e l / r a i l  n o i s e  i s  comparable  t o  powered pass- by 

n o i s e  a t  speeds  i n  e x c e s s  of  20 mph. A t  t h r o t t l e  4 ,  w h e e l / r a i l  

n o i s e  and powered dr ive- by l e v e l s  become comparable  a t  speeds  

between 30 and 40 mph. A t  t h r o t t l e  8 ,  however,  w h e e l / r a i l  n o i s s  

i s  3  t o  6 dBA below t h e  o v e r a l l  locomot ive  dr ive- by l e v e l s  a t  

speeds  a s  h i g h  a s  61  rnph. 
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The t h r o t t l e  s e t t i n g  o f  t h e  SD40-2 locomot ive  d e t e r m i n e s  

e n g i n e  speed  and power o u t p u t .  T h e r e f o r e ,  f o r  t h o s e  s p e e d s  a t  

which w h e e l / r a i l  n o i s e  i s  no t  a  s i g n i f i c a n t  s o u r c e ,  l ocomot ive  

n o i s e  shou ld  be i ndependen t  o f  speed .  I n  g e n e r a l ,  a  s l i g h t  i n -  

c r e a s e  i n  wayside n o i s e  l e v e l  w i t h  speed  i s  n o t i c e a b l e  f o r  a l l  

t h r o t t l e  s e t t i n g s .  T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  p r e v i o u s  

s t a t e m e n t  - t h a t  w h e e l / r a i l  n o i s e  i s  becoming a  s i g n i f i c a n t  n o i s e  

s o u r c e  a t  t h e  h i g h e s t  speeds  examined f o r  each  t h r o t t l e  s e t t i n g .  

A few examples  o f  t h e  A-weighted sound p r e s s u r e  l e v e l  a s  a  

f u n c t i o n  of  t i m e  a r e  g i v e n  i n  F i g s .  4 .2  t h r o u g h  4 . 5 .  The " t i c k "  

marks above e a c h  t i m e  t r a c e  i n d i c a t e  t h e  l ocomot ive  h e a d l i g h t  

p a s s i n g  o v e r  a p h o t o c e l l  a t  t r a c k  s i d e .  These marks p r o v i d e  b o t h  

p o s i t i o n  and speed  i n f o r m a t i o n  on t h e  l ocomot ive .  F i g u r e  4.2 

shows t h e  change i n  t h e  t r a c e  f o r  t h e  t h r e e  d i s t a n c e s  from t h e  

l ocomot ive .  The f a r t h e r  away t h e  o b s e r v a t i o n  p o i n t ,  t h e  lower  

t h e  l e v e l  b u t  t h e  l o n g e r  t h e  n o i s e  p e r s i s t s .  There  i s  a l s o  a  

s t r o n g  asymmetry i n  t h e  t r a c e s ,  i . e . ,  t h e y  a r e  n o t  symmetr ic  

abou t  t h e  t i m e  t h a t  t h e  l ocomot ive  c e n t e r l i n e  p a s s e s  t h e  l i n e  o f  

microphones .  I n  f a c t ,  when we l i s t e n e d  t o  t h e  t a p e s ,  we hea rd  

a  s t r o n g  " h i s s i n g "  sound after t h e  l ocomot ive  l e a v e s  t h e  t e s t  

zone.  Evidence  of  t h i s  can  be  s e e n  i n  F i g .  4 .2  i n  t h e  second 

peak  i n  t h e  n o i s e  a t  25 f t  (and  t o  a  l e s s e r  e x t e n t  a t  50 f t )  

a p p r o x i m a t e l y  3 .25  s e c  a f t e r  t h e  c e n t e r l i n e  o f  t h e  locomot ive  

p a s s e s  t h e  microphone.  A t  100  f t ,  t h e r e  i s  no peak  b u t  t h e  n o i s e  

l e v e l  r ema ins  h i g h  l o n g  a f t e r  t h e  locomot ive  c e n t e r l i n e  p a s s e s  

t h e  microphones .  The s o u r c e  o f  t h e  " h i s s i n g "  sound i s  p r e s e n t l y  

u n e x p l a i n e d .  

F i g u r e  4.3 shows t h e  n o i s e  produced a t  50 f t  f o r  v a r i o u s  

t h r o t t l e  s e t t i n g s  and  F i g .  4 . 4  shows t h e  e f f e c t  of  speed  on t h e  

n o i s e  a t  t h r o t t l e  8 .  F i g u r e  4 .5  shows a  s i m i l a r  t r a c e  f o r  a n  

unpowered pass- by a t  38 mph. T h i s  l a s t  t r a c e  i s  a lmos t  i d e n t i c a l  



4 LOCOMOTIVE < 
/"\ PASSES MICROPHONE 

9 0  dBA 

FIG. 4.2 .  L O C O M O T I V E  P A S S - B Y  AT 3 6  M P H  ( T H R O T T L E  8 )  ( W E S T ) .  



- LOCOMOTIVE 
PASSES MICROPHONE 

80 dBA 

70 dBA 

6 0  dBA 
41 mph 

AT IDLE 

39 mph 
AT THROTTLE 4 

5 0  dBA - 

6 0  dBA 
36 rnph 

AT THROTTLE 8 

F I G .  4 . 3 .  L O C O M O T I V E  P A S S- B Y  A T  5 0  F T  ( W E S T ) .  



70 dBA 1 

29 mph 
60 dBA 

50 mph 
60 dBA 

61 mph 

L 

F I G .  4 . 4 .  LOCOMOTIVE PASS- BY AT 50  F T  ( T H R O T T L E  8, W E S T ) .  



4 LOCOMOTIVE 
PASSES MICROPHONE 

8 0  dBA " ,. 
J V ~  \o 

6 0  dBA - 2.5 sec 

F I G .  4 . 5 .  C O A S T - B Y  N O I S E  A T  5 0  FT ( 3 8  MPH). 

t o  t h e  i d l e  t r a c e  i n  F i g .  4 .3 ,  i n d i c a t i n g  t h a t  t h e  l a t t e r ,  a s  

e x p e c t e d ,  i s  p r i m a r i l y  w h e e l / r a i l  n o i s e .  

4 . 2  S t a t i o n a r y  Tes t s  

4 . 2 . 1  Basel ine  t e s t s  

The b a s e l i n e  t e s t s  were performed t o  o b t a i n  d e t a i l e d  i n f o r -  

mat ion  on t h e  n o i s e  e m i t t e d  by t h e  locomot ive  a t  a  number of  

l o c a t i o n s  and a t  a  number of t h r o t t l e  s e t t i n g s .  T h i s  . i n fo rma t ion  

i s  used  t o  compare t h e  n o i s e  e m i t t e d  i n  a  s t a t i o n a r y  t e s t  w i t h  

t h a t  measured i n  a  pass- by t e s t  and t o  check t h e  r e s u l t s  o f  t h e  

d i a g n o s t i c  measurements i n  Sec .  4 . 2 . 3 .  It a l s o  shows any d i r e c -  

t i o n a l  c h a r a c t e r i s t i c s  and l a c k  of  a x i a l  symmetry i n  t h e  n0is.e 

from t h e  locomot ive  a s  w e l l  a s  e f f e c t s  o f  ground r e f l e c t i o n s .  

F i n a l l y ,  s i n c e  two s e t s  of  b a s e l i n e  d a t a  f o r  t h e  same locomot ive  

a t  t h e  same s i t e  a r e  a v a i l a b l e  - one t a k e n  i n  J u l y ,  and one i n  

August - t h e  r e p r o d u c i b i l i t y  of t h e  d a t a  can  be examined. 





FIG. 4.6. D I R E C T I V I T Y  O F  L O C O M O T I V E  N O I S E .  



t h e s e  d a t a ,  we have shown t h e  r e s u l t s  of  t h e  q u i e t e d  b a s e l i n e  

t e s t s  r u n  d u r i n g  t h e  d i a g n o s t i c  t e s t s  ( d e s c r i b e d  i n  d e t a i l  i n  

Sec .  4 . 2 . 3 ) .  These l a s t  d a t a  can ,  i n  a s e n s e ,  be though t  of a s  

background n o i s e  s i n c e  t h e y  a r e  measurements o b t a i n e d  a f t e r  t u r n -  

i n g  o f f ,  o r  q u i e t i n g  t o  t h e  f u l l e s t  e x t e n t  p o s s i b l e ,  eve ry  n o i s e  

s o u r c e  on t h e  loccmot ive .  These s p e c t r a  c o n t a i n  r e s i d u a l  locomo- 

t i v e  n o i s e ,  l o a d  c e l l  n o i s e ,  and background n o i s e  from o t h e r  

s o u r c e s  such  a s  wind and t r a f f i c .  The o v e r a l l  n o i s e  l e v e l s  a r e  

summarized i n  Tab le  4 . 4 .  

The r a n g e  of background n o i s e ,  r e c o r d e d  w i t h  t h e  locomot ive  

no t  r u n n i n g ,  a t  microphone l o c a t i o n s  3  and 6  th roughou t  one day 

i n  J u l y  was 50 - 62 dBA. One- th i rd  o c t a v e  band s p e c t r a  showing 

t h i s  r a n g e  a r e  shown i n  Appendix A ,  F i g .  A.28. These measurements 

i n d i c a t e  t h a t  when t h e  locomot ive  i s  a t  i d l e ,  t h e  q u i e t e d  b a s e l i n e  

t e s t s  a r e  measur ing  p r i m a r i l y  background n o i s e  a t  t h e  h i g h e r  f r e -  

q u e n c i e s .  Background n o i s e  i s  l e s s  of  a  problem a t  t h e  h i g h e r  

t h r o t t l e  s e t t i n g s ,  where t h e  q u i e t e d  b a s e l i n e  s p e c t r a  a r e  gen- 

e r a l l y  w e l l  above t h e  background s p e c t r a .  When t h e  q u i e t e d  base-  

l i n e  s p e c t r a  a r e  compared w i t h  t h e  b a s e l i n e  s p e c t r a ,  i t  becomes 

a p p a r e n t  t h a t ,  a t  i d l e ,  t h e  b a s e l i n e  d a t a  a t  microphone l o c a t i o n s  

1, 4 ,  and 5  a r e  q u e s t i o n a b l e  e x c e p t  a t  low f r equency .  

A t  t h r o t t l e  4 ,  t h e  d a t a  a t  l o c a t i o n  1 above abou t  1000 Hz 

2nd a t  l c c a t i o n  5  above abou t  500 Hz i n d i c a t e  t h a t  e i t h e r  un- 

q u i e t e d  s o u r c e s  i n s i d e  t h e  locomot ive  o r  o t h e r  e x t r a n e o u s  s o u r c e s  

a r e  c o n t a m i n a t i n g  t h e  d a t a .  P a r t i c u l a r l y  s u s p i c i o u s  i s  t h e  f a c t  

t h a t  peaks  i n  t h e  q u i e t e d  b a s e l i n e  d a t a  can  be d i s t i n g u i s h e d  i n  

t h e  630- and 1250-Hz bands.  These same bands s t a n d  o u t  i n  l o a d  

c e l l  n o i s e  s p e c t r a  a t  t h r o t t l e  4 ,  s u g g e s t i n g  t h a t  t h e  l o a d  c e l l  

i s  c o n t a m i n a t i n g  t h e  d a t a  a t  t h e s e  two l o c a t i o n s .  

A t  t h r o t t l e  8 ,  a  s i m i l a r  c o n t a m i n a t i o n  can  be s e e n  i n  t h e  

d a t a  a t  l o c a t i o n  1 above 1600 Hz and a t  l o c a t i o n  5 above 800 Hz. 



TABLE 4.4 .  OVERALL BASEL INE  LOCOMOTIVE NOISE  LEVELS ( d B A )  WITH 
3 COOLING FANS RUNNING. 

IDLE 

THROTTLE 4 

FULLY LOADED 

THROTTLE 8 

FULLY LOADED 





During t h e  J u l y  b a s e l i n e  t e s t ,  t h e  wind was blowing i n  a  

d i r e c t i o n  t h a t  would co r r e spond  t o  a  l i n e  p o i n t i n g  from l o c a t i o n  4 
t o  l o c a t i o n  1. Though t h e  speed  neve r  exceeded 1 5  mph, i t  was 

h i g h l y  v a r i a b l e ,  r a n g i n g  anywhere from calm t o  15  mph d u r i n g  any 

g i v e n  measurement.  I n  August ,  t h e  wind w a s  blowing a l o n g  a l i n e  

from t h e  c e n t e r  of t h e  locomot ive  t o  l o c a t i o n  3  w i t h  t h e  same 

v a r i a b i l i t y  i n  speed  a s  i n  J u l y .  Changing wind speeds  changed 

t h e  v e l o c i t y  and t e m p e r a t u r e  g r a d i e n t s ,  which i n  t u r n  a f f e c t e d  

t h e  r e f r a c t i o n  of t h e  sound as i t  p ropaga ted  from t h e  locomot ive  

t o  t h e  microphone. Ground r e f l e c t i o n s  and any s h i e l d i n g  a f f o r d e d  

by t h e  locomot ive  hood o f  t h e  sound from exhaus t  c o o l i n g  f a n s ,  

e t c . ,  were a l l  a f f e c t e d .  As a r e s u l t ,  t h e r e  a p p e a r s  t o  be un- 

c e r t a i n t y  i n  t h e  measurements of  t h e  s p e c t r a l  and o v e r a l l  n o i s e  

l e v e l s  from t h e  locomot ive .  T h i s  u n c e r t a i n t y  h a s  c o n s i d e r a b l e  

i m p l i c a t i o n s  f o r  t h e  d i a g n o s t i c  measurements d i s c u s s e d  i n  

on t h e  two s i d e s  of t h e  locomot ive .  The w i d e s t  s p r e a d  i s  a t  

t h r o t t l e  8 a t  l o c a t i o n s  3  and 6 ( s e e  Tab le  

Sec.  

4 . 4 ) ,  where t h e r e  i s  

a  3-dBA d i f f e r e n c e  i n  t h e  o v e r a l l  l e v e l s  on t h e  two s i d e s  o f  t h e  

locomot ive .  These d i f f e r e n c e s  i n  t h e  s p e c t r a l  n o i s e  l e v e l s  on 

t h e  two s i d e s  of t h e  locomot ive  do n o t  appea r  t o  be caused  by any 

l a c k  of a x i a l  symmetry i n  t h e  n o i s e  from locomot ive ,  b u t  r a t h e r  

by problems w i t h  r e p r o d u c i b i l i t y  of  t h e  n o i s e  s p e c t r a .  T h i s  f a c t  

becomes more a p p a r e n t  when b a s e l i n e  d a t a  t a k e n  i n  J u l y  on t h e  

r igh t- hand  s i d e  of t h e  locomot ive  a r e  compared i n  Tab le  4 . 4  w i t h  

t h e  same d a t a  t a k e n  one month l a t e r  i n  August.  The d i f f e r e n c e s  

a r e  s i m i l a r  t o  t h e  d i f f e r e n c e s  observed  between symmetric loca-  

t i o n s  on each  s i d e  of  t h e  locomot ive  d u r i n g  t h e  J u l y  b a s e l i n e  

t e s t s .  These problems w i t h  r e p r o d u c i b i l i t y  appea r  t o  be a s s o c i -  

a t e d  w i t h  changes i n  wind and t e m p e r a t u r e  g r a d i e n t s  a t  t h e  t e s t  

s i t e .  



4.2.3 and f o r  any measurement scheme t o  q u a n t i f y  t h e  n o i s e  from 

a  locomot ive .*  

It shou ld  be n o t e d ,  a l s o ,  t h a t  major  peaks  i n  t h e  d a t a  i n  

Appendix A do no t  occu r  a t  t h e  f i r i n g  f r e q u e n c i e s  (160 Hz a t  

t h r o t t l e  4 and 240 Hz a t  t h r o t t l e  *, b u t  a t  one- hal f  of  t h e  f i r i n g  

f requency  a t  t h e s e  t h r o t t l e  s e t t i n g s .  T h i s  i s  no t  a n  uncommon 

phenomenon. I n  f a c t  i t  i s  p o s s i b l e  f o r  t h i s  major  peak t o  occu r  

a t  any m u l t i p l e  of  t h e  r o t a t i o n  r a t e ,  i . e . ,  down t o  1/16 of t h e  

f i r i n g  f r e q u e n c y .  A s i m i l a r  peak i n  t h e  d a t a  i s  observed  a t  

i d l e  a t  40 Hz i n s t e a d  of  a t  t h e  f i r i n g  f requency  of 80 Hz. I n  

t h e  A-weighted s p e c t r a  t h i s  h a s  been found t o  be w e l l  below t h e  

80 Hz peak ,  however, and no s i g n i f i c a n t  e r r o r s  w i l l  be  i n t r o d u c e d  

by r e p o r t i n g  d a t a  on ly  a t  63 Hz and a b o v ~ .  t 

It i s  a l s o  a p p a r e n t  from comparison of t h e  J u l y  and  August 

d a t a  t h a t  t h e  Lockheed t a p e  r e c o r d e r  u sed  i n  J u l y  g i v e s  c o n s i s t -  

e n t l y  h i g h e r  s p e c t r a l  l e v e l s  i n  t h e  63-Hz band t h a n  t h e  Nagra 

t a p e  r e c o r d e r  used  i n  August.  T h i s  band was compensated d u r i n g  

p l ayback  t o  a d j u s t  f o r  t h e  r a p i d  r o l l  o f f  o f  t h e  Lockheed below 

80 Hz. C o n s i d e r i n g  how r a p i d l y  t h e  Lockheed r o l l s  o f f  some e r r o r s  

i n  compensa t ion  a r e  t o  be expec ted  however t h e  e r r o r s  observed  

h e r e  a r e  modest .  

- 

* I t  shou ld  be no ted  t h a t  t h e  v a r i a b i l i t y  d i s c u s s e d  h e r e  can b e  
hea rd  by p e r s o n s  s t a n d i n g  a t  some d i s t a n c e  from t h e  locomot ive  
and t h a t  i t  i s  d i s t i n c t  from v a r i a t i o n s  i n  n o i s e  a s s o c i a t e d  w i t h  
s m a l l  changes  i n  eng ine  speed .  The l a t t e r  can  a l s o  be h e a r d ,  
b u t  a r e  much more r e g u l a r  and of  much s h o r t e r  p e r i o d s .  

 he Lockheed t a p e  r e c o r d e r  c u t s  o f f  below approx ima te ly  63 Hz, 
b u t  t h e  Nagra r e c o r d e r  i s  s t i l l  r e a s o n a b l y  f l a t  a t  40 Hz. The 
40-Hz peak  i n  t h e  i d l e  s p e c t r a  was observed  on t h e  Nagra r e c o r d e r  
t o  be 6 t o  11 dB below t h e  peak a t  80 Hz. 



4 . 2 . 2  " T h r o t t l e  wipe" t e s t s  

T e s t  Procedure 

The locomot ive  was connected  t o  t h e  l o a d  c e l l  and s t a r t e d .  

Noise measurements were o b t a i n e d  w i t h  t h e  locomot ive  b o t h  loaded  

and unloaded .  The locomot ive  was s t e p p e d  from one t h r o t t l e  s e t -  

t i n g  t o  a n o t h e r ,  h o l d i n g  each  s e t t i n g  f o r  abou t  5 s e c  and advanc-  

i n g  from i d l e  up t o  t h r o t t l e  8 .  The locomot ive  was t h e n  swi t ched  

a b r u p t l y  from one t h r o t t l e  t o  a n o t h e r  i n  acco rdance  w i t h  t h e  AAR 

smoke- test  p rocedure .  The t h r o t t l e  sequence  was 1 + 4 ,  4 + 8 ,  
8 + 6 ,  6 + 8 ,  8  + i d l e ,  i d l e  + 8 .  The o u t p u t s  of  two microphones 

a t  100 f t  from t h e  c e n t e r  of t h e  l o c o m o t i v e , c o r r e s p o n d i n g  t o  l o c a-  

t i o n s  3 and 4  i n  F i g .  3 . 4 ,  were r e c o r d e d .  The r e c o r d e d  s i g n a l  

was t h e n  f i l t e r e d  t h r o u g h  a n  A-weighting network and i t s  l e v e l  

p l o t t e d  on a g r a p h i c  l e v e l  r e c o r d e r .  The r e s u l t s  a r e  shown i n  

F i g s .  4 . 4  t h rough  4 . 1 4 .  

T h r o t t l e  wipe t e s t s  were per formed t o  de t e rmine  whether  t h e r e  

was a n  i n c r e a s e  o r  ove r shoo t  i n  n o i s e  when t h r o t t l e  s e t t i n g s  were 

changed and p a r t i c u l a r l y  t o  de t e rmine  i f  t h r o t t l e  8  under  l o a d  i s  

i n  f a c t  t h e  l o u d e s t  s e t t i n g .  When t h e  locomot ive  was un loaded ,  

t h e  n o i s e  l e v e l  i n c r e a s e d  s t e a d l y  from one t h r o t t l e  s e t t i n g  t o  

a n o t h e r .  The one e x c e p t i o n  was a t  l o c a t i o n  4 ( u n l o a d e d ) ,  where 

t h r o t t l e  4 was l o u d e r  t h a n  t h r o t t l e  5 ( F i g .  4 . 9 ) .  I n  g e n e r a l  

t h e r e  were no o v e r s h o o t s  w i t h  a b r u p t  t h r o t t l e  changes excep t  a t  

l o c a t i o n  3 ( F i g .  4 . 1 4 )  where changing  from t h r o t t l e  6 t o  8  t h e r e  

was abou t  a  2 dBA ove r shoo t  t h a t  was n o t  s e e n  a t  l o c a t i o n  4 .  
Wind-caused f l u c t u a t i o n s  i n  sound l e v e l  were found d u r i n g  a l l  

t e s t i n g .  Note t h a t  i n  F i g .  4.10 ( t h e  dashed l i n e )  a  b r i e f  por-  

t i o n  of d a t a  was l o s t  d u r i n g  t h e  s h i f t  from t h r o t t l e  8 t o  6 .  
There  i s  a l s o  a v e r y  s h a r p  s p i k e  i n  t h e  d a t a  i n  F i g .  4.10 and 

4 . 1 4  when changing  from t h r o t t l e  8  t o  i d l e .  T h i s  i s  b e l i e v e d  t o  
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be a s s o c i a t e d  w i t h  a n  a b r u p t  r e l e a s e  o f  a i r  from t h e  compressed 

a i r  sys tem on t h e  l o c o m o t i v e .  

When t h e  l ocomot ive  was unde r  l o a d ,  an  o v e r s h o o t  c o u l d  be 

s e e n  on e n t e r i n g  o r  l e a v i n g  t h r o t t l e  6 ( F i g s .  4 . 7 ,  4 . 8 ,  4 . 1 1 ,  and 

2 L e v e l s  2 t o  3 d3A h i g h e r  t h a n  t h r o t t l e  8  c o u l d  be a t t a i n e d  

a t  t h i s  p o i n t .  I n  a d d i t i o n  a n  o v e r s h o o t  of  a lmos t  5 dBA can b e  

s e e n  a t  l o c a t i o n  3 when chang ing  from t h r o t t l e  4 t o  8  ( F i g .  b . 1 2 ) .  

A t  l o c a t i o n  4 however, i t  i s  n o t  c l e a r  t h a t  any o v e r s h o o t  h a s  

o c c u r r e d  f o r  t h e  same t h r o t t l e  change ( F i g .  4 . 8 ) .  The most 

r e m a r k a b l e  anomaly i n  t h e  d a t a  can  be s e e n  i n  F i g .  4 . 1 1 :  t h r o t t l e  

5 ,  unde r  l o a d ,  p roduces  a t  l e a s t  2 dSA more n o i s e  t h a n  any o t h e r  

t h r o t t l e  s e t t i n g  a t  l o c a t i o n  3 .  No s i m i l a r  anomaly can  be  s e e n  

a t  l o c a t i o n  4. Whether t h e  anomaly i s  caused  by wind o r  whe the r  

i t  i s  a  r e a l  i n d i c a t i o n  t h a t  t h r o t t l e  5 i s  v e r y  n o i s y  i s ,  a t  p r e-  

s e n t ,  u n c e r t a i n .  

Comparing t h e  n o i s e  g e n e r a t e d  w i t h  t h e  l ocomot ive  l o a d e d  and 

un loaded  we f i n d  un loaded  n o i s e  l e v e l s  t o  be  lower  g e n e r a l l y  t h a n  

l oaded  n o i s e  l e v e l s .  

4.2.3 D i a g n o s t i c  t e s t s  

A s e r i e s  o f  d e t a i l e d  d i a g n o s t i c  t e s t s  were per formed t o  

d e t e r m i n e  t h e  c o n t r i b u t i o n  o f  v a r i o u s  l ocomot ive  n o i s e  s o u r c e s  t o  

t h e  t o t a l  n o i s e  s i g n a t u r e .  Such i n f o r m a t i o n  i s  e s s e n t i a l  t o  an  

u n d e r s t a n d i n g  o f  t h e  n o i s e  g e n e r a t i o n  i n  a l o c o m o t i v e ;  no c o s t -  

e f f e c t i v e  n o i s e  c o n t r o l  app roach  can  be f o r m u l a t e d  w i t h o u t  i t .  

S o u r c e s  i d e n t i f i e d  a s  p o t e n t i a l  ma jo r  c o n t r i b u t o r s  t o  t h e  

n o i s e  s i g n a t u r e  were :  

a. e n g i n e  e x h a u s t  

b .  r a d i a t o r  c o o l i n g  f a n s  



c .  e n g i n e h a i n  a l t e r n a t o r  

d .  e n g i n e  i n t a k e  

e .  t r a c t i o n  motor  and g e n e r a t o r  b lowers  

f .  d u s t  b i n  blower 

g .  compressor .  

Though t h e  a i r b o r n e  p a t h  o f  n o i s e  was o u r  p r imary  s t u d y ,  we 

a l s o  examined t h e  s t r u c t u r e b o r n e  p a t h  from t h e  e n g i n e ,  main 

a l t e r n a t o r ,  compressor ,  and r a d i a t o r  c o o l i n g  f a n s .  I n  t h e  a i r -  

borne  p a t h ,  n o i s e  s o u r c e s  i n  t h e  locomot ive  r a d i a t e  n o i s e  d i r e c t l y  

t o  t h e  ways ide  w i t h  some l o s s ,  i n  some c a s e s ,  due  t o  t h e  p r e s e n c e  

of t h e  h.ood. I n  t h e  s t r u c t u r e b o r n e  p a t h ,  s o u r c e s  such  a s  t h e  en- 

g i n e  main a l t e r n a t o r ,  compressor ,  c o o l i n g  f a n s ,  e t c . ,  e x c i t e  t h e  

s t r u c t u r e  of t h e  locomot ive  c a u s i n g  v i b r a t i o n .  The locomot ive  

s t r u c t u r e  t h e n  r a d i a t e s  sound t o  t h e  ways ide .  

T e s t  P r o c e d u r e  

The f o l l o w i n g  p r o c e d u r e  was used  t o  o b t a i n  t h e  c o n t r i b u t i o n s  

o f  e a c h  o f  t h e  above s o u r c e s  t o  t h e  o v e r a l l  l ocomot ive  n o i s e  s i g -  

n a t u r e .  We f i r s t  q u i e t e d ,  o r  s h u t  down, each  major  s o u r c e .  We 

t h e n  removed t h e  n o i s e  c o n t r o l  t r e a t m e n t ,  o r  powered up each  

s o u r c e  i n d e p e n d e n t l y .  I n  t h o s e  c a s e s  i n  which t h e  n o i s e  i n c r e a s e d  

a t t h e  seven  microphone l o c a t i o n s  i n  F i g .  3 . 9 ,  t h e  c o n t r i b u t i o n  

of t h a t  s o u r c e  c o u l d  be e s t i m a t e d  from t h e  i n c r e a s e .  Noise i n -  

c r e a s e d  i n  t h e  c a s e s  of e n g i n e  e x h a u s t  and r a d i a t o r  c o o l i n g  f a n s .  

When no i n c r e a e e ,  o r  o n l y  a n e g l i g i b l e  i n c r e a s e ,  i n  n o i s e  was 

o b s e r v e d ,  measurements  of t h e  n o i s e  n e a r  t h e  s o u r c e  were e x t r a -  

p o l a t e d  t o  t h e  l o c a t i o n s  of  i n t e r e s t  a round t h e  locomot ive  t h r o u g h  

t h e  u s e  of t r a n s f e r  f u n c t i o n s  measured a s  d e s c r i b e d  i n  Appendix 

C. These  t r a n s f e r  f u n c t i o n s  r e l a t e d  t h e  n o i s e  n e a r  t h e  s o u r c e  

t o  t h e  n o i s e  a t  t h e  l o c a t i o n s  of i n t e r e s t .  T h i s  l a t t e r  approach  



was used  f o r  t h e  e n g i n e h a i n  a l t e r n a t o r ,  t r a c t i o n  motor b l o w e r s ,  

d u s t  b i n  b lower ,  e n g i n e  i n t a k e ,  and compressor .  The s t r u c t u r e -  

borne  c o n t r i b u t i o n  was de te rmined  by u s i n g  a  s i m i l a r  t r a n s f e r  

f u n c t i o n  approach ,  d e s c r i b e d  i n  Appendix D .  V i b r a t i o n  l e v e l s  

measured a t  t h e  e n g i n e ,  main a l t e r n a t o r ,  compresso r ,  and c o o l i n ?  

f a n ,  e t c . ,  mounting p o i n t s  were used  w i t h  t h e  t r a n s f e r  f u n c t i o n s  

t o  e s t i m a t e  t h e  s t r u c t u r e b o r n e  c o n t r i b u t i o n .  

T rea tmen t s  a p p l i e d  t o  q u i e t  t h e  locomot ive  f u l l y  were:  

a .  An i n d u s t r i a l  e x h a u s t  s i l e n c e r  

b. R a d i a t o r  c o o l i n g  f a n s  s h u t  down 

c .  Compressor s h u t  down* 

d .  A 3- i n .- t h i c k  l a y e r  o f  f i b e r g l a s s ,  a p p l i e d  t o  t h e  i n t e r i o r  

o f  t h e  hood on a l l  w a l l s  and d o o r s  

e .  Hood a c c e s s  d o o r s  t a p e d  

f .  Dust b i n  b lower  s h u t  down 

g .  T r a c t i o n  motor  b lower  i n l e t  s e a l e d  w i t h  1 l b / s q  f t  l e a d  

h. S i l e n c e r s  i n s t a l l e d  on t h e  a i r  compartment i n t a k e  v e n t s .  

( F i b e r g l a s s  l i n e d  3 /4- in .  plywood d u c t s . )  

F i g u r e s  4.15 and 4 . 1 6  show t h e  locomot ive  i n  t h e  f u l l y  q u i e t e d  

c o n f i g u r a t i o n .  The m u f f l e r ,  a K i t t e l l  Yodel TBU22 e x h a u s t  

s i l e n c e r ,  i s  s u p p o r t e d  by a  f o r k  l i f t  on a  f l a t  c a r .  The f o r k  

l i f t  was b locked  up and i t s  e n g i n e  s h u t  down d u r i n g  a l l  n o i s e  

t e s t s .  The d u c t i n g  f i t s  d i r e c t l y  o v e r  t h e  e x h a u s t  s t a c k ,  a s  
t shown i n  F i g .  4 . 1 7 .  

*A by- pass v a l v e  was opened t o  p r e v e n t  t h e  compressor  from pump- 
i n g .  S i n c e  t h e  compressor  was m e c h a n i c a l l y  connec ted  t o  t h e  
e n g i n e  i t  was r o t a t i n g  whenever t h e  e n g i n e  was r u n n i n g .  

 h he m u f f l e r  sys tem was d e s i g n e d  by t h e  Donaldson Company f o r  a  
p a r a l l e l  program and was p rov ided  t o  t h i s  program on a  r e n t a l  
b a s i s .  



FIG. 4.15. F U L L Y  Q U I E T E D  L O C O M O T I V E ,  L O O K I N G  EAST. 

R a d i a t o r  c o o l i n g  f a n s  were s h u t  down t h r o u g h  a n  e l e c t r i c a l  

s w i t c h i n g  ar rangement  s e t  up i n  t h e  cab .  T h i s  a r rangement  a l lowed  

f o r  any f a n  o r  combina t ion  of  f a n s  t o  be s h u t  down o r  powered up 

a t  w i l l .  The e n g i n e  t e m p e r a t u r e  was watched c a r e f u l l y ,  and t e s t -  

i n g  was t e r m i n a t e d  when t h e  t e m p e r a t u r e  exceeded s a f e  l i m i t s .  

A l l  f a n s  were t h e n  powered up ,  and when t h e  eng ine  t e m p e r a t u r e  

was lowered  t o  s a f e  l i m i t s ,  t h e  f a n s  were s h u t  down and t e s t i n g  

was resumed. 

The a i r  s t o r a g e  t a n k s  were f u l l y  p r e s s u r i z e d  p r i o r  t o  t e s t -  

i n g  t o  e n s u r e  t h a t  t h e  compressor  would n o t  o p e r a t e  d u r i n g  t h e  



FIG. 4 .16 .  F U L L Y  Q U I E T E D  L O C O M O T I V E ,  L O O K I N G  S O U T H W E S T .  

t e s t s .  T h i s  p rov ided  a  s i g n i f i c a n t  p e r i o d  of  t ime  f o r  t e s t i n g  

d u r i n g  which t h e  compressor  was r o t a t i n g  a t  e n g i n e  speed ,  b u t  n o t  

l oaded  and t h e r e f o r e  n o t  a s i g n i f i c a n t  n o i s e  s o u r c e .  

The d u s t  b i n  blower was d i s c o n n e c t e d  from t h e  e l e c t r i c a l  

sys tem d u r i n g  t e s t i n g  t o  e l i m i n a t e  i t  a s  a  n o i s e  s o u r c e .  

A 3- i n .- t h i c k  b l a n k e t  of f i b e r g l a s s  i n s u l a t i o n  was t a p e d  t o  

t h e  d o o r s  and w a l l s  i n s i d e  t h e  hood. I n  a d d i t i o n ,  t h e  door s  and 

l a t c h e s  were s e a l e d  w i t h  d u c t  t a p e ;  F i g .  4.16 shows t h e  locomo- 

t i v e  s o  t r e a t e d .  Also shown i n  F i g .  4.16 i s  one of t h e  two 

i n l e t  s i l e n c e r s  i n s t a l l e d  on t h e  a i r  compartment i n l e t  v e n t s .  

These s i l e n c e r s ,  which can  be s e e n  i n  F i g .  4.15 behind  t h e  cab 

on each  s i d e  of t h e  locomot ive ,  were s imply  l a r g e  boxes made o f  

3/4- in.  plywood l i n e d  w i t h  3  i n .  of f i b e r g l a s s  i n s u l a t i o n  and 

opened a t  t h e  bot tom. 



F I G .  4 . 1 7 .  L O C O M O T I V E  E X H A U S T  S T A C K  T O  M U F F L E R  T R A N S I T I O N  
C O U P L I N G .  

F i n a l l y ,  t o  s i l e n c e  t h e  t r a c t i o n  motor b lowers ,  we t a p e d  a  

s h e e t  o f  1 - l b / s q - f t  l e a d  t o  t h e  i n l e t ,  making a n  a i r - t i g h t  s e a l ,  

a n  approach  s u g g e s t e d  by EMD t h a t  proved e f f e c t i v e .  

Results 

The r e s u l t s  of t h e  d i a g n o s t i c  measurements a r e  p r e s e n t  i n  

Ap2endix B and summarized f o r  t h e  f o u r  major  s o u r c e s  i n  Tab le  4 . 5  
A s  shown i n  t h a t  t a b l e  t h e  sum o f  t h e  f o u r  s o u r c e s  f o r  each  

t h r o t t l e  s e t t i n g  and microphone l o c a t i o n  a g r e e s  w e l l  w i t h  t h e  



Locat ion  

Source 1 2 3 4 5 6 7 

Exhaust - 65 66 6 5 61.5 70.5 71  

Fan - - 59 - - 62 6 5 

Engine - 60 62 59.5 52 69 73.5 

TM Blower - 46 L-f 47 - 51 59 

Overa l l  Mea- 
sured  Noise - 69 67 6L 62.5 72.5 74 

sum of 4 Sources - - 68 - - 73 75.5 

THROTTLE 4 

Locat ion  

Source 1 2 3 4 5 6 7 

Exhaust - 8 1  78 79 76 82.5 82 

Fan 74 7 0 70 68.5 - 7 5 80 

Engine 63.5 66 67 63.5 55 70.5 78 

TM Blower 50 61.5 6L 61.5 52.5 67.5 74 

Overa l l  Mea- 
sured  Noise 79 83  78 82 78.5 81.5 84 

sum of h sou rces  - 81.5 79 79.5 - 83.5 85.5 

THROTTLE 8 

Locat ion 

Source 1 2 3 4 5 6 7 

Exhaust - 84.5 84 88 81.5 87.5 90 

Fan 77 80.5 83 81.5 - 89 92 

Engine 67 67 66.5 66.5 57.5 73 77 
TM Blower 63 72 75 72.5 62 7 8 87 

Overa l l  Mea- 
sured  Noise 83 87.5 86 85 81  91.5 95 

sum of 4 sou rces  - 86 87 89 - 90 9 5 

T A B L E  4.5. SUMMARY OF DIAGNOSTIC TESTS.  

IDLE 



o v e r a l l  measured n o i s e  from t h e  b a s e l i n e  t e s t .  I n  t h e  f o l l o w i n g  

pages ,  we w i l l  d i s c u s s  a l l  t h e  n o i s e  s o u r c e s  c o n s i d e r e d  i n  t h e  

measurement program. The d a t a  a t  l o c a t i o n s  1 and 5 a r e  v a l i d  

o v e r  o n l y  a  l i m i t e d  f r equency  r a n g e ,  and r e s u l t s  a r e  p r e s e n t e d  

o n l y  i n  t h a t  r a n g e .  No d a t a  a r e  p r e s e n t e d  a t  l o c a t i o n  1 a t  i d l e .  

The quieted baseline measurements r e f e r  t o  t h e  n o i s e  measure-  

ments made when t h e  locomot ive  was i n  i t s  q u i e t e s t  c o n d i t i o n ,  

i . e . ,  u s i n g  a l l  t h e  n o i s e- r e d u c i n g  t r e a t m e n t s  and component s h u t-  

downs d e s c r i b e d  p r e v i o u s l y .  The r e s u l t i n g  s p e c t r a  have a l r e a d y  

been p r e s e n t e d  i n  comparison w i t h  b a s e l i n e  d a t a  i n  Sec .  4 .2 .1 .  A 

c o n s i d e r a b l e  r e d u c t i o n  i n  n o i s e  was a c h i e v e d .  T h i s  r e d u c t i o n  i n  

n o i s e  has  s i g n i f i c a n t  i m p l i c a t i o n s  f o r  t h e  s u c c e s s  of t h e  d i a g-  

n o s t i c  measurements ,  b u t  of c o u r s e  t h e  t y p e  of n o i s e  c o n t r o l  

t r e a t m e n t  used  would no t  be p r a c t i c a l  f o r  an  o p e r a t i n g  locomot ive .  

The exhaust source spectra a r e  shown i n  Appendix B a t  a l l  
l o c a t i o n s  e x c e p t  l o c a t i o n  1; d i s t o r t i o n  i n  t h e  microphone s i g n a l  

a t  t h a t  l o c a t i o n  d u r i n g  t h i s  t e s t  p r e v e n t e d  u s e  o f  t h e  d a t a .  The 

e x h a u s t  s o u r c e  s p e c t r a  were o b t a i n e d  by measur ing  t h e  n o s i e  from 

t h e  f u l l y  q u i e t e d  locomot ive  w i t h  t h e  e x h a u s t  m u f f l e r  removed. 

The d i f f e r e n c e  between t h e s e  n o i s e  s p e c t r a  and t h e  q u i e t e d  base-  

l i n e  n o i s e  s p e c t r a  a r e  t h e  e n g i n e  e x h a u s t  s o u r c e  s p e c t r a .  Gaps 

i n  t h e  e x h a u s t  s o u r c e  s p e c t r a  i n d i c a t e  t h o s e  f r equency  bands 

where t h e  unmuffled n o i s e  l e v e l s  were l e s s  t h a n  2 dB h i g h e r  t h a n  

t h e  q u i e t e d  b a s e l i n e  l e v e l s .  Exhaust  i s  t h e  pr imary  s o u r c e  a t  

low and h i g h  f r equency .  

The cooling fan source spectra were o b t a i n e d  by t u r n i n g  a l l  

t h r e e  c o o l i n g  f a n s  on w i t h  t h e  locomot ive  i n  t h e  f u l l y  q u i e t e d  

c o n d i t i o n  and r u n n i n g  unloaded .  The d i f f e r e n c e  between t h e  n o i s e  

s p e c t r a  w i t h  t h e  c o o l i n g  f a n s  r u n n i n g  and t h e  f a n s  s h u t  o f f  

y i e l d e d  t h e  f a n  s o u r c e  s p e c t r a .  Gaps i n  t h e  s p e c t r a  i n d i c a t e  



Number - T h r o t t l e  4 T h r o t t l e  8 
o f  Fans . dBA dBA 

1 64 7 6 

2 67 81 

3 70 8 3 

f r equency  bands where t h e r e  was i n s u f f i c i e n t  c o o l i n g  f a n  n o i s e  

t o  overcome t h e  n o i s e  from o t h e r  s o u r c e s .  Gaps a r e  p a r t i c u l a r l y  

prominent  a t  i d l e  where f a n  n o i s e  l e v e l s  were q u i t e  low. Fan 

n o i s e  i s  a  major  s o u r c e  a t  t h r o t t l e s  4 and 8 ,  p r i m a r i l y  i n  t h e  

mid- frequency r a n g e .  

S i n c e  o p e r a t i o n  w i t h  a l l  t h r e e  c o o l i n g  f a n s  r u n n i n g  i s  r a r e ,  

microphone l o c a t i o n  3 f a n  s o u r c e  s p e c t r a  f o r  one ,  two, and t h r e e  

f a n s  o p e r a t i n g  a r e  shown i n  Appendix B ,  F i g s .  B- 2 1  and B-22 f o r  

t h r o t t l e s  4 and 8 ,  r e s p e c t i v e l y .  Fan s o u r c e  l e v e l s  were t o o  low 

t o  produce  a  s i m i l a r  p l o t  f o r  i d l e .  These measurements a r e  sum- 

mar ized  i n  T a b l e  4 . 6 .  

TABLE 4.6. FAN SOURCE LEVELS AT LOCATION 3. 

The engine/alternator source spectra were o b t a i n e d  f i r s t  by 

u n t a p i n g  t h e  d o o r s ,  removing t h e  f i b e r g l a s s  from t h e  i n t e r i o r  of 

t h e  hood, and measur ing  t h e  change i n  n o i s e  a t  f u l l  l o a d ,  from 

t h e  f u l l y  q u i e t e d  c o n f i g u r a t i o n .  T h i s  p r o c e d u r e  r e s u l t e d  i n  up 

t o  a 6.5-dB(A) i n c r e a s e  i n  n o i s e  a t  some l o c a t i o n s .  D e s p i t e  

t h i s  s i g n i f i c a n t  i n c r e a s e  i n  n o i s e  a t  a  number of  t h r o t t l e  s e t -  

t i n g s  and microphone l o c a t i o n s ,  t h e  r e s u l t i n g  s o u r c e  s p e c t r a  were 

i n c o m p l e t e ,  i . e . ,  i n  many 1 /3-oc tave  bands t h e  n o i s e  d i d  no t  i n -  

c r e a s e  enough t o  e s t i m a t e  t h e  e n g i n e / a l t e r n a t o r  s o u r c e  s t r e n g t h .  

T h e r e f o r e ,  w e  measured t h e  n o i s e  unde r  t h e  hood a t  f o u r  l o c a t i o n s  



around t h e  e n g i n e  and a l t e r n a t o r * ,  ave raged  t h e s e  n o i s e  measure-  

ments ,  and e x t r a p o l a t e d  t h e s e  measurements t o  t h e  seven  l o c a t i o n s  

o f  i n t e r e s t  u s i n g  t r a n s f e r  f u n c t i o n s  measured a s  d e s c r i b e d  i n  

Appendix A .  I n  g e n e r a l ,  e s t i m a t e s  based  on t h e  t r a n s f e r  func-  

t i o n s  a g r e e d  w e l l  w i t h  t h e  e s t i m a t e s  based  on t h e  d i r e c t  measure-  

ment of  t h e  change i n  n o i s e .  I n  a  few c a s e s ,  t h e  d i r e c t l y  mea- 

s u r e d  s p e c t r a  were h i g h e r  t h a n  t h o s e  d e r i v e d  by u s i n g  t h e  under-  

hood measurements  and t r a n s f e r  f u n c t i o n s .  I n  a l l  c a s e s  we have 

shown, t h e  t r a n s f e r  f u n c t i o n s  r e s u l t  i n  t h e  r e l e v a n t  f i g u r e .  We 

have done t h i s  f o r  s e v e r a l  r e a s o n s :  t r a n s f e r  f u n c t i o n s  have pro-  

v i d e d  e s t i m a t e s  a t  o t h e r  t h r o t t l e  s e t t i n g s  t h a t  a g r e e  w i t h  d i r e c t  
measurements ,  and t h e  underhood e n g i n e  l e v e l s  have p rov ided  s imi-  

l a r  conf i rmed r e s u l t s  a t  o t h e r  l o c a t i o n s .  F i n a l l y ,  t h e  r e s u l t i n g  

e s t i m a t e  o f  t h e  s p e c t r a  a r e  c o n s i s t e n t  w i t h  t h e  s p e c t r a  measured 

a t  o t h e r  l o c a t i o n s .  The few d i s c r e p a n c i e s  between t h e  d i r e c t  

measurements  and t h e  t r a n s f e r  f u n c t i o n  e s t i m a t e s  i s  b e l i e v e d  t o  

r e s u l t  from t h e  f a c t  t h a t  changes  i n  n o i s e  obse rved  a f t e r  remov- 

i n g  t h e  f i b e r g l a s s  and door  s e a l s  a r e  caused  i n  some c a s e s  no t  

by t h e  changed n o i s e  t r e a t m e n t s  b u t  by changes  i n  wind and temper-  

a t u r e  g r a d i e n t s  a s  d e s c r i b e d  i n  Sec .  4 . 2 . 1 .  

The l a b e l ,  e n g i n e / a l t e r n a t o r ,  i s  t o  some d e g r e e  a n  ove r-  

s i m p l i f i c a t i o n  s i n c e  t h e  n o i s e  from many s o u r c e s  p r e s e n t  unde r  

t h e  hood ( d c  a u x i l i a r y  g e n e r a t o r ,  g e n e r a t o r  b lower ,  e t c . )  would 

be enhanced by removal  of  t h e  f i b e r g l a s s  and door  s e a l s  and would 

be i n c l u d e d  i n  any underhood measurements .  However, t h e  e n g i n e  

and main a l t e r n a t o r  a r e  t h e  l a r g e s t ,  and p o t e n t i a l l y  t h e  n o i s e s t ,  

components unde r  t h e  hood; hence ,  we a t t r i b u t e  t h e s e  s o u r c e  

s p e c t r a  t o  them. They a r e  most i m p o r t a n t  a t  i d l e  i n  t h e  mid 

f r e q u e n c i e s .  

*The locomot ive  was i n  t h e  f u l l y  q u i e t e d  c o n d i t i o n  e x c e p t  t h a t  
t h e  f i b e r g l a s s  and door  s e a l s  were removed. 



The traction motor blower source spectra were o b t a i n e d  w i t h  

t h e  locomot ive  t r e a t e d  a s  f o r  t h e  e n g i n e / a l t e r n a t o r ,  excep t  t h a t  

b o t h  t h e  i n t a k e  s i l e n c e r s *  and t h e  l e a d  s e a l  f rom t h e  t r a c t i o n  

motor blower i n t a k e  were removed. The i n c r e a s e  i n  n o i s e  obse rved  

( w i t h  t h e  locomot ive  r u n n i n g  un loaded)  a f t e r  removing t h e  s e a l  

on t h e  i n l e t  o f  t h e  t r a c t i o n  motor blower was a t t r i b u t e d  t o  t h a t  

b lower .  An i n c r e a s e  i n  n o i s e  was g e n e r a l l y  obse rved  a t  a l l  l o c a-  

t i o n s ,  excep t  a t  i d l e ,  b u t  t h e  change was n o t  l a r g e  enough t o  

p r o v i d e  a  r e l i a b l e  measure of t h e  t r a c t i o n  motor blower s o u r c e  

s t r e n g t h .  A s  a r e s u l t ,  t h e  s o u r c e  s p e c t r a  r e p o r t e d  i n  Appendix B y  

F i g s .  B.l t o  B.20 a r e  based  on a  t r a n s f e r  f u n c t i o n  approach  t h a t  

s e e k s  t o  e x t r a p o l a t e  t h e  l e v e l s  i n  t h e  a i r  compartment,  a t t r i b u -  

t a b l e  t o  t h e  t r a c t i o n  motor  b lower ,  t o  t h e  seven  microphone loca-  

t i o n s  of  i n t e r e s t .  

A t  t h r o t t l e  8 t h e  t r a c t i o n  motor  b lower  r e q u i r e s  app rox ima te ly  

122 hp whereas t h e  g e n e r a t o r  b lower  r e q u i r e s  o n l y  approx ima te ly  

2 0  hp .  U n s e a l i n g  t h e  t r a c t i o n  motor b lower  i n c r e a s e s  a i r  compart-  

ment l e v e l s  by 2  dBA a t  i d l e ,  8 .5  dBA a t  t h r o t t l e  4 ( n o  l o a d ) ,  
and 1 2  dBA a t  t h r o t t l e  8 ( n o  l o a d ) ,  i n d i c a t i n g  t h a t  t h e  t r a c t i o n  

motor blower i s  t h e  ma jo r  s o u r c e  i n  t h e  a i r  compartment,  w i t h  t h e  

p o s s i b l e  e x c e p t i o n  o f  o p e r a t i o n  a t  i d l e .  

The s p e c t r a l  l e v e l s  e s t i m a t e d  a t  t h e  seven  microphone l o c a-  

t i o n s  ( d e t a i l s  a r e  g i v e n  i n  Appendix C )  g e n e r a l l y  a g r e e d  w i t h  

e s t i m a t e s  o f  t h o s e  l e v e l s  based  on t h e  change i n  n o i s e  a t  t h e  

seven  l o c a t i o n s  when t h e  s e a l  w a s  removed. I n  a  few i n s t a n c e s ,  t 

a s  w i t h  t h e  e n g i n e / a l t e r n a t o r  s o u r c e  s p e c t r a ,  t h e  e s t i m a t e s  of 

*No i n c r e a s e  i n  n o i s e  a t  t h e  s e v e n  l o c a t i o n s  a round t h e  locomo- 
t i v e  was obse rved .  

' ~ h r o t t l e  4, l o c a t i o n  1 d i r e c t i o n  measurements were 6 t o  12  dB 
h i g h ,  and t h r o t t l e  4 ,  l o c a t i o n  5 d i r e c t  measurements were from 
1 t o  11 dB h i g h .  



t h e  t r a c t i o n  motor b lower  s o u r c e  s p e c t r a  t h a t  were based  on 

d i r e c t  measurements  o f  t h e  change i n  n o i s e  a t  t h e  s even  l o c a t i o n s  

o f  i n t e r e s t  gave  h i g h e r  l e v e l s  t h a n  t h e  e s t i m a t e s  based on t h e  

t r a n s f e r  f u n c t i o n s .  These d i s c r e p a n c i e s  may have r e s u l t e d  from 

t h e  f a c t  t h a t  some of t h e  obse rved  changes  i n  t h e  measured n o i s e  

were caused  n o t  by removal  of  t h e  i n l e t  s e a l  b u t ,  a t  l e a s t  i n  

p a r t ,  by t h e  same wind and t e m p e r a t u r e  g r a d i e n t  changes  t h a t  

caused  t h e  changes  i n  t h e  b a s e l i n e  s p e c t r a  o f  Sec .  4 .2 .1 .  

The compressor  was found t o  be a  v e r y  weak s o u r c e .  It c o u l d  

be  h e a r d  c l e a r l y  o n l y  i f  l o a d e d  w i t h  t h e  e n g i n e  a t  i d l e .  Measure- 

ments  made i n  t h e  e n g i n e  compartment a p p r o x i m a t e l y  2 f t  above 

t h e  compressor ,  f i r s t  w i t h  t h e  compressor  pumping a n d ,  s econd ,  

n o t  pumping, y i e l d e d  o n l y  a  few bands where t h e  compressor  cou ld  

be h e a r d .  A t r a n s f e r  f u n c t i o n  approach  ( s e e  Appendix A )  was used  

t o  e x t r a p o l a t e  t h e s e  measurements t o  t h e  seven  l o c a t i o n s  o f  i n t e r -  

e s t .  Fo r  comple t eness  and f o r  p r o v i s i o n  of  a n  uppe r  bound e s t i -  

mate o f  compressor  s o u r c e  s p e c t r a ,  t h e  n o i s e  s p e c t r a  measured 

n e a r  t h e  compressor  where no change c o u l d  be n o t e d  whether  t h e  

compressor  was pumping o r  n o t  were a l s o  e x t r a p o l a t e d  t o  t h e  seven  

l o c a t i o n s  o f  i n t e r e s t .  These a r e  c a l l e d  "compressor  uppe r  bound" 

i n  Appendix B. 

The dust b i n  b lower ,  a  minor  s o u r c e ,  canno t  be h e a r d  a t  t h e  

f a r f i e l d  microphone l o c a t i o n .  To o b t a i n  i t s  s o u r c e  s p e c t r a  t r a n s -  

f e r  f u n c t i o n s  ( s e e  Appendix C )  were used  t o  e x t r a p o l a t e  n e a r f i e l d  

measurements  t o  t h e  seven  l o c a t i o n s  o f  i n t e r e s t .  Measurements 

were made on t o p  o f  t h e  locomot ive  hood a t  two l o c a t i o n s  a p p r o x i-  

m a t e l y  1 f t  from t h e  c e n t e r  o f  t h e  d u s t  b i n  b lower .  The locomo- 

t i v e  was i n  t h e  f u l l y  q u i e t e d  c o n d i t i o n ;  i . e . ,  a l l  s o u r c e s  were 

t r e a t e d  o r  s h u t  down. With t h e  b lower  o p e r a t i n g ,  n e a r f i e l d  n o i s e  

was c o n s i d e r a b l y  g r e a t e r  t h a n  w i t h  t h e  blower s h u t  down (>lo dBA 

i n c r e a s e ) .  The measurements  a t  t h e  two l o c a t i o n s  ( t o  t h e  r i g h t  



and fo rward  of  t h e  o u t l e t )  were a v e r a g e d ,  and t r a n s f e r  f u n c t i o n s  

were used  t o  e s t i m a t e  t h e  l e v e l s  a t  t h e  f a r f i e l d  l o c a t i o n s .  

The i n t a k e  source  s p e c t r a  were o b t a i n e d  by e x t r a p o l a t i n g  a i r  

compartment n o i s e  l e v e l s  ( w i t h  t h e  t r a c t i o n  motor blower i n l e t  

s e a l e d )  t o  t h e  f a r f i e l d  by u s e  of t r a n s f e r  f u n c t i o n s .  I n  a  s e n s e ,  

t h e s e  a r e  a n  upper  bound on t h e  i n t a k e  n o i s e  s i n c e  t h e s e  s p e c t r a  

may a l s o  c o n t a i n  r e s i d u a l  t r a c t i o n  motor  blower c o n t r i b u t i o n s ,  

g e n e r a t o r  b lower ,  and dc  a u x i l i a r y  g e n e r a t o r  c o n t r i b u t i o n s ,  e t c .  

The dynamic brake  fan  source  s p e c t r a  were o b t a i n e d  by run-  

n i n g  t h e  locomot ive  s e l f  l oaded  i n  t h e  f u l l  q u i e t e d  c o n d i t i o n  
( i . e . ,  t h e  c o n d i t i o n  f o r  t h e  q u i e t e d  b a s e l i n e  t e s t s ) .  I n  t h e  

s e l f  l oaded  s t a t e  a l l  t h e  power from t h e  main g e n e r a t o r  i s  d i s -  

s i p a t e d  i n  t h e  dynamic b rake  r e s i s t o r  g r i d s  r a t h e r  t h a n  a n  e x t e r -  

n a l  l o a d  c e l l .  The dynamic b r a k e  f a n s  a r e  w i red  i n  s e r i e s  w i t h  

t h e s e  r e s i s t o r  g r i d s  a n d ,  hence ,  a t t a i n  a  speed  t h a t  i n c r e a s e s  

as t h e  power t o  be d i s s i p a t e d  i n c r e a s e s .  I n  a l l  c a s e s ,  t h e  

dynamic b r a k e  f a n s  a r e  a  s i g n i f i c a n t  s o u r c e  t h a t  would contam- 

i n a t e  n o i s e  measurements  of  t h e  locomot ive  i f  i t  were r u n  i n  

s e l f - l o a d .  No spec t rum i s  shown f o r  t h r o t t l e  4 l o c a t i o n  6 as  

t h e r e  was a n  a p p a r e n t  g a i n  s e t t i n g  e r r o r  i n  t h o s e  d a t a .  It  i s  

a p p a r e n t  t h a t  t h e  dynamic b r a k e  f a n  s o u r c e  s p e c t r a  a r e  s i m i l a r  t o  

c o o l i n g  f a n  s o u r c e  s p e c t r a .  

S t r u c t u r e b o r n e  source c o n t r i b u t i o n s  from t h e  e n g i n e ,  main 

a l t e r n a t o r  compressor ,  and c o o l i n g  f a n s  were de t e rmined  by mea- 

s u r i n g  t h e  v e r t i c a l  v i b r a t i o n  a t  t h e  mounting p o i n t s  of  e a c h  of 

t h e s e  components* and u s i n g  t h e  s t r u c t u r e b o r n e  t r a n s f e r  f u n c t i o n  

*For t h e  c o o l i n g  f a n s ,  t h e  v i b r a t i o n  was measured a t  two l o c a t i o n s  
on t h e  locomot ive  hood on t h e  f a n  c e n t e r l i n e ,  (1) d i r e c t l y  be- 
tween t h e  fo rward  and midd le  f a n s ,  and ( 2 )  between t h e  middle  
and r e a r  f a n s .  T h i s  p r o c e d u r e  was c o n s i s t e n t  w i t h  t h e  measure-  
ment of  t h e  s t r u c t u r e b o r n e  t r a n s f e r  f u n c t i o n s ,  a s  d e s c r i b e d  i n  
Appendix B. 



described in Appendix D to estimate the radiated sound at the 

locations of interest around the locomotive. Because of back- 

ground noise problems, transfer functions are available only for 

microphone locations 3 and 7.* In addition, vibration levels at 

the compressor mounting points were essentially unaffected by 

whether the compressor was pumping or not. For this reason, we 

could not distinguish compressor-related vibration from that 

caused by other sources, such as the engine, and so we give no 

report on compressor structureborne noise. 

The structureborne contributions of the fore and aft engine 

mounts main alternator mounts and cooling fans are shown in 

Appendix D, Figs. D.3 - D.8. For each engine mount and the main 

alternator mount, the estimated spectra are for a single mount. 

Each of these spectra should be raised 3 dB to acccunt for the 
symmetrically located mount. In general, structureborne noise 

from the engine mounts dominates that from other structureborne 

sources; the resulting spectra are comparable to the engine air- 

borne source spectra. 

4 . 3  Comparison o f  S t a t i o n a r y  and Pass-By T e s t  R e s u l t s  

As described in Sec. 4.1, even at modest speeds wheel/rail 

noise is an important component of locomotive noise for the lower 

throttle settings. At throttle 8, however, wheel/rail noise does 

not begin to be significant until speeds of 55 to 60 mph are at- 
tained. This fact is further illustrated in Fig. 4.18 where a 

coast-by noise spectrum at 38 mph is similar in shape (except 
below 100 Hz) and only 5 dBA below the spectrum at 39 mph at 
throttle 4. The overall level at throttle 8 at 36 mph, however, 
is 10 dBA greater than the coast-by overall level. 

*Data for location 6 had sufficient signal-to-noise but were not 
consistent with other data and hence are not reported here. 
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"1 .6  s e c  between t h e  3 dB down p o i n t s  a t  25 f t ,  2 s e c  a t  50 f t ,  
and  6 s e c  a t  100 f t .  

Thus, i t  i s  a p p a r e n t  t h a t  locomot ive  n o i s e  measured d u r i n g  

a  pass- by a t  modest speed  a t  t h e  lower  t h r o t t l e  s e t t i n g s  i s  

g r e a t e r  t h a n  t h a t  n o i s e  measured w i t h  t h e  locomot ive  s t a t i o n a r y  

and loaded  a t  t h e  same t h r o t t l e  s e t t i n g .  A t  t h r o t t l e  8 a t  modest 

speed ,  however s t a t i o n a r y  and pass- by n o i s e  a r e  comparable .  F ig-  

u r e s  4 .19 ,  4 .20 ,  and 4 .21  c,ompare s p e c t r a  t a k e n  from 1-sec  samples  

o f  pass- by d a t a  n e a r  t h e  peak i n  t h e  A-weighted sound p r e s s u r e  

l e v e l  w i t h  d a t a  t a k e n  w i t h  t h e  locomot ive  s t a t i o n a r y  a t  t h r o t t l e  

8 ,  b o t h  loaded  and unloaded .  I n  g e n e r a l ,  t h e  agreement  between 

f u l l y  l oaded  s t a t i o n a r y  and pass- by s p e c t r a  i s  a s  good a s  between 

any two s t a t i o n a r y  s p e c t r a  t a k e n  a t  t h e  same l o c a t i o n  and under  

t h e  same o p e r a t i n g  c o n d i t i o n .  The n o i s e  s p e c t r a  ( a t  t h e  50 and 

100 f t  p o s i t i o n s )  t a k e n  w i t h  t h e  locomot ive  s t a t i o n a r y  and unloaded  

a r e  g e n e r a l l y  lower  t h a n  t h e  s p e c t r a  f o r  t h e  loaded  c a s e  and 

a g r e e s  l e s s  w e l l  w i t h  t h e  pass- by n o i s e  s p e c t r a .  A t  t h e  25 f t  

p o s i t i o n  t h e  n o i s e  s p e c t r a  f o r  t h e  loaded  and unloaded  c a s e s  a r e  

remarkably  s i m i l a r  above 500 Hz. T h i s  o c c u r s  p robab ly  because  

f a n  n o i s e  dominates  a t  t h e s e  h i g h e r  f r e q u e n c i e s  and f a n  n o i s e  i s  

n o t  a f f e c t e d  by l o a d .  It shou ld  be no ted  t h a t  t h e  c r o s s h a t c h e d  

r e g i o n  i n  F i g .  4 . 2 1  shows t h e  r ange  o f  s p e c t r a  o b t a i n e d  by t a k i n g  

1-sec  segments  of  d a t a  a t  v a r i o u s  t i m e s  w h i l e  t h e  A-weighted 

sound p r e s s u r e  l e v e l  was peak ing .  A s i m i l a r  s p r e a d  i n  t h e  spec-  

t r a  was n o t  o b t a i n e d  a t  t h e  c l o s e r  l o c a t i o n s ,  p robab ly  most l i k e l y  

because  t h e  d u r a t i o n  of t h e  peak A-weighted sound l e v e l  w a s  

s h o r t e r  f o r  t h e  c l o s e r  l o c a t i o n s *  ( s e e  F i g .  4 . 2 ,  Sec .  4 . 1 ) .  
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5. C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S  

5 .1  T e s t  R e s u l t s  

5 . 1 . 1  Pass- by  t e s t s  

A t  t h e  lower  t h r o t t l e  s e t t i n g s  and a t  modest s p e e d s ,  wheel/  

r a i l  n o i s e  i s  a s i g n i f i c a n t  c o n t r i b u t o r  t o  t h e  n o i s e  g e n e r a t e d  by 

a  p a s s i n g  locomot ive .  A t  t h r o t t l e  8 ,  w h e e l / r a i l  n o i s e  i s  n o t  

s i g n i f i c a n t  u n t i l  s p e e d s  of  55 t o  60  mph a r e  a t t a i n e d .  A s  a r e-  

s u l t ,  one would n o t  e x p e c t  locomot ive  n o i s e  measured i n  a  s t a t i o n -  

a r y  t e s t  t o  be  comparable  t o  t h e  n o i s e  g e n e r a t e d  d u r i n g  a pass- by 

t e s t  a t  modest speed  a t  t h e  lower  t h r o t t l e  s e t t i n g s .  A t  t h r o t t l e  

8 ,  a  s t a t i o n a r y  ( l o a d e d )  n o i s e  t e s t  shou ld  a d e q u a t e l y  s i m u l a t e  

t h e  n o i s e  g e n e r a t e d  by a  moving locomot ive  a t  t h r o t t l e  8 e x c e p t  

f o r  v e r y  h i g h  speeds .  

5 . 1 . 2  " T h r o t t l e  wipe"  t e s t s  

The major  conce rn  i n  pe r fo rming  t h e  " t h r o t t l e  wipe" t e s t s  

was t o  de t e rmine  whether  s i g n i f i c a n t l y  more n o i s e  would b e  gener-  

a t e d  d u r i n g  r a p i d  t h r o t t l e  changes  t h a n  d u r i n g  s t e a d y  o p e r a t i o n  

a t  a  f i x e d  t h r o t t l e  s e t t i n g .  When changing  from t h r o t t l e  6 t o  8 
- 2  dBA more n o i s e  was g e n e r a t e d  i n  t h e  loaded  c o n d i t i o n  t h a n  i n  

s t e a d y  o p e r a t i o n  a t  t h r o t t l e  8 .  I n  a d d i t i o n ,  a t  one microphone 

l o c a t i o n  t h e  n o i s e  a t  t h r o t t l e  5 w a s  found t o  b e  - 2  dBA h i g h e r  

t h a n  t h e  n o i s e  a t  t h r o t t l e  8 .  The s o u r c e s  of  t h e  l a t t e r  anomaly 

i s  p r e s e n t l y  u n c e r t a i n .  

5 . 1 . 3  S t a t i o n a r y  b a s e l i n e  t e s t s  

A v e r y  i m p o r t a n t  o b s e r v a t i o n  made d u r i n g  t h e  s t a t i o n a r y  base-  

l i n e  t e s t s  was t h e  d i f f i c u l t y  of  o b t a i n i n g  r e p r o d u c i b l e  measure-  

ments under  a p p a r e n t l y  a c c e p t a b l e  m e t e o r o l o g i c a l  c o n d i t i o n s .  

D i f f e r e n c e s  i n  o v e r a l l  l e v e l  of 2 t o  3 dBA were n o t  uncommon even  



though spectral averaging times of up to 16 sec were used. We 

believe that these differences are caused by changes in temperature 

and wind gradient, which affect the diffraction of sound traveling 

from the locomotiye to the microphone. Oscillations in level can 

in fact be seen in the "throttle wipe tests" of Sec. 4.2.2. Long- 

period oscillations, superimposed on higher frequency oscillation 

probably caused by oscillations in engine speed can be seen at 

steady operation at all throttle settings. In Fig. 4.36, for 

example, the long-period oscillations for steady operation at 

throttle 8 have a peak-to-peak amplitude of approximately 3-4 dBA 
and a period of approximately 7 sec. However, neither the ampli- 

tude nor the period of these long-period variations in level are 

steady. The result is an inherent uncertainty in the measurements. 

Because of this inherent uncertainty in the measurements, it 

is difficult to make definitive statements concerning even such 

basic questions as the axial symmetry of the noise from the loco- 

motive. At present, all that can be said with certainty is that 

the differences in noise from one side of the locomotive to the 

other are no more than the differences observed in two measurements 
of the same locomotive at the same microphone location. 

5.1.4 D i a g n o s t i c  t e s t s  

The purpose of the diagnostic tests was to determine the 

magnitude of the contribution of each major source to the noise 

signature of the locomotive. Although these tests were subject 

to the same uncertainities as all other tests, it is possible to 

state that exhaust, cooling fans, engine/alternator, and traction 

motor blower are the major noise sources in the locomotive. At 

*It should be noted in passing that this uncertainty appears to 
be considerably less for those microphones located 10 ft above 
the ground, locations 8 and 9 .  



idle, exhaust and engine/alternator are the major sources. At 

throttle 4, exhaust and cooling fans are the dominant source, 

although for the more distant locations cooling fans may fall as 

much as 10 dBA below exhaust. At throttle 8 both exhaust and 
cooling fans are the dominant sources for all locations around 

the locomotive. The traction motor blower falls approximately 

10 dBA below exhaust for the more distant location; it is a some- 

what stronger source. for the closeby locations. 

The major source of structureborne noise is the engine it- 

self; it produces structureborne sound that is comparable to 

engine/alternator airborne sound. 

5.2 N o i s e  C o n t r o l  

The discussion in Sec. 5.1.4 indicates clearly that any 

significant reduction in locomotive noise can be achieved only if 

exhaust, radiator cooling fans, and' engine/alternator are all 

treated. To achieve more extensive quieting (10- to 15-dBA) it 

would also be necessary to treat the traction motor blower. 

Exhaus t  Noise 

Exhaust noise is best treated with an exhaust muffler. The 

major difficulty with this treatment is the limited size of the 
space under the hood that must accommodate a muffler of sufficient 

volume to achieve the desired attenuation. Exterior mounting of 

mufflers on the larger line-haul locomotives is generally not 

considered feasible because of the limited clearance between the 

hood and tunnels. Although turbochargers do provide some reduc- 

tion of exhaust noise turbocharged locomotives present an addi- 

tional difficulty; severe backpressure limitations, i.e., on the 

order of 5 in. of H,O, severely constraining muffler design. It 



h a s  been  demons t r a t ed  t h a t  t h e s e  d i f f i c u l t i e s  can  be overcome t o  

some d e g r e e .  M u f f l e r s  have been d e s i g n e d  and i n s t a l l e d  on some 

new locomot ives .  Fo r  example,  U n i v e r s a l  S i l e n c e r ,  i n  c o n j u n c t i o n  

w i t h  EMD, developed  a s i l e n c e r  f o r  AMTRAK locomot ives .  These 

locomot ives  used  a  20- cy l inde r  v e r s i o n  of  t h e  e n g i n e  i n  t h e  

SD40-2 locomot ive .  

If a n  e x h a u s t  s i l e n c e r  were d e s i g n e d  t h a t  reduced  exhaus t  

n o i s e  1 0  dBA, one would a c h i e v e  t h e  f o l l o w i n g  r e d u c t i o n s  i n  over-  

a l l  locomot ive  n o i s e  measured a t  microphone l o c a t i o n  3  (100 f t  t o  

t h e  s i d e  of  t h e  locomot ive  w i t h  3 c o o l i n g  f a n s  o p e r a t i n g ) :  

dBA 

a .  i d l e  3 - 4  

b .  t h r o t t l e  4 4 - 5  

c .  t h r o t t l e  8 2 - 3  

CooZing Fan Noise  

Fan n o i s e  i s  u s u a l l y  t r e a t e d  i n  one of two ways. O b s t r u c t i o n s  

t o  t h e  f low e n t e r i n g  t h e  f a n  a r e  removed o r  t h e  pumping e f f i c i e n c y  

o f  t h e  f a n  i s  improved s o  t h a t  f a n  speed  can  be  r educed .  The 

f i r s t  approach  r e d u c e s  t u r b u l e n c e  e n t e r i n g  t h e  f a n ,  and ,  hence ,  

t h e  r e s u l t i n g  n o i s e  due t o  t h e  f l u c t u a t i n g  p r e s s u r e s  on t h e  f a n  

b l a d e s  a s  t h e y  e n c o u n t e r  t h e  t u r b u l e n t  e d d i e s .  The second approach  

a l l o w s  t h e  f a n  speed  t o  be r educed  s o  as t o  t a k e  advan tage  o f  t h e  

dependence o f  f a n  n o i s e  on t h e  f a n  v e l o c i t y  t o  t h e  s i x t h  power. 

I n  t h e - f i r s t  app roach ,  any s t r u c t u r e  i n  t h e  f a n  i n l e t  i s  

minimized o r  moved as f a r  i n  f r o n t  o f  t h e  f a n  b l a d e s  a s  p o s s i b l e .  

On t h e  SD40-2, t h e r e  a r e  a number o f  s t r u t s  s u p p o r t i n g  t h e  f a n  

d r i v e  motors  j u s t  i n  f r o n t  o f  t h e  f a n  b l a d e s .  Moving t h e s e  s t r u t s  

f a r t h e r  away from t h e  f a n  b l a d e s  would r e d u c e  any t o n e s  a t  t h e  

b l a d e  p a s s a g e  f r e q u e n c y  o r  m u l t i p l e s  o f  t h a t  f r equency .  



To improve t h e  f a n  pumping e f f i c i e n c y ,  one can i n c r e a s e  t h e  
f a n  s i z e ,  reduce  c l e a r a n c e s  between t h e  f a n  and i t s  shroud,  o r  - 
i n  some c a s e s  - r e d e s i g n  t h e  f a n  b l a d e s .  Locomotive space  r e-  

s t r i c t i o n s  probably  p reven t  any s i g n i f i c a n t  i n c r e a s e  i n  f a n  diam- 
e t e r .  Reduced c l e a r a n c e  between t h e  f a n  b l a d e s  and t h e  shroud 
may be  p o s s i b l e  bu t  p r e s e n t  c l e a r a n c e s  a r e  no t  e x c e s s i v e  and l i t t l e  

g a i n  i s  a n t i c i p a t e d .  Redesign of  t h e  f a n  b lade  may r e s u l t  i n  
some improvement a l though  e x i s t i n g  locomotive f a n  b l a d e s  a r e  a l -  
ready f a i r l y  s o p h i s t i c a t e d  and improvements i n  t h i s  a r e a  may be 
minimal. A f i n a l  p o s s i b i l i t y ,  a l t h o u g h  l e s s  a t t r a c t i v e  because 
of t h e  major r e d e s i g n  invo lved ,  i s  a  r e d e s i g n  of  t h e  c o o l i n g  s y s-  

tem s o  t h a t  lower a i r  f low r a t e s  and,  hence, f a n  speeds ,  can be 
t o l e r a t e d .  

If f a n  n o i s e  and exhaust  n o i s e  were each reduced by 10 dBA,* 
t h e  r e s u l t i n g  r e d u c t i o n  i n  o v e r a l l  locomotive n o i s e  a t  microphone 
l o c a t i o n  3 (100 f t  t o  t h e  s i d e  of t h e  locomot ive)  would be 

dBA 

a .  i d l e  3 - 4  
b. t h r o t t l e  4  6 - 7  
c .  t h r o t t l e  8 6 - 7  

Engine/AZternator Noise 

Reduction of e n g i n e / a l t e r n a t o r  n o i s e  i s  e s p e c i a l l y  d i f f i c u l t  
a s  p r e s e n t  e s t i m a t e s  p l a c e  t h e  s t r u c t u r e b o r n e  c o n t r i b u t i o n  from 
t h e  engine  a t  ve ry  n e a r l y  t h e  same l e v e l s  a s  t h e  a i r b o r n e  c o n t r i -  
b u t i o n .  T h i s  f i n d i n g  i m p l i e s  t h e  need f o r  v i b r a t i o n  i s o l a t i o n ,  
which would cause  extreme a l ignment  problems w i t h  p r e s e n t  EMD 

*For f a n s  t h i s  would imply t h a t  a  30% r e d u c t i o n  i n  speed would be 
p o s s i b l e  o r ,  i n  o t h e r  words, t h a t  t h r o t t l e  4  f a n  speed would be 
s u f f i c i e n t  f o r  c o o l i n g  a t  t h r o t t l e  8 .  There i s  no i n f o r m a t i o n  
a v a i l a b l e  a t  t h i s  t ime t o  i n d i c a t e  t h a t  such a  speed r e d u c t i o n  
i s  a c h i e v a b l e  w i t h i n  r e a s o n a b l e  o p e r a t i o n a l  and c o s t  c o n s t r a i n t s .  



deslgns where the engine and alternator are mounted separately. 

Some reduction in locomotive noise has been demonstrated during 

this program by the simple application of absorptive treatments 

inside the hood and by sealing of the hood doors and latches. In 

a practical application, the absorptive treatment must be made 
impervious to oil and diesel fuel and protected against mechani- 

cal damage as has been done successfully in the DOT Quiet Truck 

(described in Report No. DOT-TST-74-20"). Similar techniques 

could be applied here. 

During this program, treatment reduced engine/alternator noise 

3 dBA at idle, 4 dBA at throttle 4, and 1.5 dBA at throttle 8. If 

this treatment were combined with a 10-dBA reduction in exhaust 

and fan noise, the following overall reduction in locomotive noise 

would result : 

dBA 
a. idle 6 - 7  

b. throttle 4 7 - 8  

c. throttle 8 7 - 8  
Some small additional reductions in noise might be accomplished 

at the higher throttle settings by treating the traction motor 

blower. 

5.3 Future Work 

The data presented in this report represents only part of 

all the data acquired during the field testing. As a result, 

additional work will be analyzed and documented in a future re- 

port dealing primarily with the relationship between moving and 

*E.K. Bender, W.N. Patterson, and M.C. Kaye "Truck Noise (1974). 
IIIC: Source Analysis and Experiments with Noise Control Treat- 
ments Applied to Freightliner Quieted Truck," Department of 
Transportation Report No. DOT-TST-74-20. 

I - 



stationary test results. In addition to the above we recommend 

future work in three areas: 

a. Additional diagnostic work 

b. Work to develop reproducible measurement techniques 

c. A quiet locomotive demonstration project. 

The work reported here is really applicable only to one class 

of locomotives, i.e., the turbocharged locomotives produced by EMD. 

The other major domestic manufacturer, General Electric, produces 

locomotives that are in many ways different from EMD locomotives. 

For example, the engines are 4-stroke rather than 2-stroke diesels, 

and the cooling fan is mechanically rather than electrically driven. 

Both these differences, regardless of others, could result in con- 

siderable differences in noise. A noise measurement program on a 

GE locomotive, similar to the one carried out here, would be in 

order. 

One of the major difficulties encountered in this program 

was the lack of reproducibility in the measurements. We felt that 

this problem was caused by wind and temperature gradients, which 

changed the diffraction of sound from the locomotive to the micro- 

phone. It is imperative for the acquisition of accurate measure- 

ment techniques for reproducible noise measurement be determined. 

One approach might be to measure the noise simultaneously at 

several heights at each location of interest around the locomo- 

tive. By averaging the measurements from all heights at a gTven 

location, noise variation due to diffraction changes might be 

averaged out. This technique and others like it should be exam- 

ined. 

Much of the information generated during this program is 

fundamental to a noise reduction program. An industry/government 



d e m o n s t r a t i o n  p r o j e c t  similar t o  t h e  DOT Q u i e t  Truck Program, w i t h  

t h e  o b j e c t i v e  o f  q u i e t i n g  a locomot ive ,  would be a  n a t u r a l  ou t-  

growth of  t h e  program d i s c u s s e d  i n  t h i s  r e p o r t .  
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ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

F I G .  A . 1 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  I D L E ,  M I C R O P H O N E  L O C A T I O N  1 .  



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (HZ) 

F I G .  A . 2 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4, F U L L  L O A D ,  
M I C R O P H O * N E  L O C A T I O N  1. 



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (HZ) 

F I G .  A . 3 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  8, FULL L O A D ,  M I C R O P H O N E  
L O C A T I O N  1. 
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-- QUIETED BASELINE RIGHT SIDE ( 67 dBA) 

30 I I 1 1  -- 

31.5 63 125 250 500 1000 2000 4000 8000 16,000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

F I G .  A . 5 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4 ,  F U L L  L O A D ,  M I C R O P H O N E  
L O C A T I O N  2 .  



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (HZ) 

F I G .  A . 6 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  8 ,  F U L L  L O A D ,  M I C R O P H O N E  
L O C A T I O N  2 .  



- AUGUST BASELINE RIGHT SIDE ( 67 dBA) -- QUIETED BASELINE RIGHT SIDE ( 57 dBA) \ 

20 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1  1 1  I I I 1  
31.5 63 125 250 500 1000 2000 4000 8000 16,000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

G. A.7. L O C O M O T I V E  B A S E L I N E  NOISE, IDLE, M I C R O P H O N E  L O C A T I O N  3. FI



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 
FIG. A.8 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4, M I C R O P H O N E  L O C A T I O N  3. 



ONE- THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

FIG. A.9. L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  8, F U L L  L O A D ,  M I C R O P H O N E  
L O C A T I O N  3. 
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F I G .  A . 1 0 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  I D L E ,  M I C R O P H O N E  L O C A T I O N  4 .  



-- QUIETED BASELINE RIGHT SIDE (63.5 d ~ ~ j  I 
20 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1  I I 1  I 

31.5 63 250 500 1000 2000 4000 8000 16.000 125 

ONE- THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

F I G .  A . 1 1 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4 ,  F U L L  L O A D ,  M I C R O P H O N E  
L O C A T I O N  4 .  



F I G  



7
 

c
.
l
 

A
-W

EI
G

H
TE

D
 O

N
E
-T

H
IR

D
 O

C
TA

VE
 B

A
N

D
 S

O
U

N
D

 P
R

ES
SU

R
E 

LE
V

E
L 

h
 

(d
B

 re
 0

.0
0

0
2

 p
b

o
r 

1 



ONE-THIRD OCTAVE BAND CENTER FREQUENCY. (HZ)  

F I G .  A . 1 4 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4 ,  FULL L O A D ,  M I C R O P H O N E  
L O C A T I O N  5.  



31.5 63 125 250 500 1000 2000 4000 8000 K.000 

ONE- THIRD OCTAVE BAND CENTER FREQUENCY (HZ) 

FIG. A. 15. L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  8, F U L L  L O A D ,  M I C R O P H O N E  
L O C A T I O N  5. 



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (HZ) 

FIG. A.16. L O C O M O T I V E  B A S E L I N E  N O I S E ,  I D L E ,  M I C R O P H O N E  L O C A T I O N  6. 



AUGUST BASELINE RIGHT SIDE (81.5 dBA) -- QUIETED BASELINE RIGHT SIDE ( 71 dBA) 

20  I l l l l l  I l l 1  I l l  l l l l l  1 1  1 I I  I  
31.5 63 125 250 500 1000 2000 4000 8000 16,000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

F I G .  A . 1 7 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4 ,  F U L L  L O A D ,  M I C R O P H O N E  
L O C A T I O N  6 .  
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ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

FIG. A.19. L O C O M O T I V E  B A S E L I N E  N O I S E ,  I D L E ,  M I C R O P H O N E  L O C A T I O N  7. 



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 
FIG. A.20. L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4, F U L L  L O A D ,  M I C R O P H O N E  

L O C A T I O N  7. 



- AUGUST BASELINE RIGHT SIDE ( 95 ~ B A )  -- QUIETED BASELINE RIGHT SIDE (81.5 dBA) 

30 1 1  1 1  
31.5 63 125 250 500 1000 2000 4000 8000 K,OOO 

ONE- THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

FIG. A.21. L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  8, F U L L  L O A D ,  M I C R O P H O N E  
L O C A T I O N  7. 
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ONE- THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 
FIG. A . 2 3 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4, F U L L  L O A D ,  M I C R O P H O N E  

L O C A T I O N  8. 



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (HZ) 

F I G .  A . 2 4 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  8, FULL LOAD', M I C R O P H O N E  
L O C A T I O N  8. 





ONE-THIRD OCTAVE BAND CENTER FREQUENCY (HZ

F I G .  A . 2 6 .  L O C O M O T I V E  B A S E L I N E  N O I S E ,  T H R O T T L E  4 ,  F U L L  L O A D ,  M I C R O P H O N E  
L O C A T I O N  9. 
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A P P E N D I X  C: A I R B O R N E  T R A N S F E R  F U N C T I O N S  

During t h e  locomot ive  t e s t i n g ,  n o i s e  produced by a s o u r c e  o f  

i n t e r e s t  was f r e q u e n t l y  s o  low t h a t  o n l y  by t a k i n g  measurements 

q u i t e  c l o s e  t o  i t  cou ld  one d i s t i n g u i s h  t h a t  s o u r c e  from a l l  t h e  

o t h e r s .  A n a l y t i c a l  means f o r  e x t r a p o l a t i n g  t h o s e  c lose- by mea- 

surements  t o  f a r f i e l d  l o c a t i o n s  a r e ,  excep t  i n  t h e  s i m p l e s t  c a s e s ,  

t o o  i n e x a c t .  T h e r e f o r e ,  we measured t r a n s f e r  f u n c t i o n s  t o  r e l a t e  

n o i s e  a t  v a r i o u s  l o c a t i o n s  a round and i n s i d e  t h e  locomot ive  t o  

t h e  n o i s e  a t  t h e  s even  f a r f i e l d  l o c a t i o n s  d e s c r i b e d  i n  Sec .  3. 

A l oudspeake r  p l a c e d  a t  a  p a r t i c u l a r  l o c a t i o n  of  i n t e r e s t  

was d r i v e n  w i t h  w h i t e  n o i s e  f i l t e r e d  i n  o c t a v e  bands .  The n o i s e  

a t  one o r  more s p e c i f i e d  l o c a t i o n s  n e a r  t h e  loudspeake r  and a t  

t h e  s even  l o c a t i o n s  of  i n t e r e s t  around t h e  locomot ive  was mea- 

s u r e d  i n  c o r r e s p o n d i n g  o c t a v e  bands- The r a t i o  of  t h e  f a r f i e l d  

n o i s e  l e v e l s  t o  t h e  n e a r f i e l d  1 e v e l s . i n  each  o c t a v e  band y i e l d e d  

a t r a n s f e r  f u n c t i o n  r e l a t i n g  n e a r f i e l d  t o  f a r f i e l d  l e v e l s  as a 
f u n c t i o n  o f  f r equency .  

I n  t h i s  r e p o r t ,  we were p a r t i c u l a r l y  concerned  w i t h  t h e  a i r-  

borne  t r a n s f e r  f u n c t i o n s  f o r  t h e  a i r  compartment,  compressor ,  

e n g i n e / a l t e r n a t o r ,  and t h e  d u s t  b i n  b lower .  The p rocedure  f o r  

o b t a i n i n g  e a c h  o f  t h e s e  i s  d i s c u s s e d  below. 

A i r  C o m p a r t m e n t  

A s p e a k e r  box c o n t a i n i n g  f o u r  6-517. s p e a k e r s  o r i e n t e d  i n  
v a r i o u s  d i r e c t i o n s  w a s  i n s t a l l e d  on t h e  f l o o r  o f  t h e  a i r  compart-  

ment.  One microphone was p l a c e d  i n  t h e  a i r  compartment,  app rox i-  

mate ly  c e n t e r e d  between t h e  e n g i n e  i n t a k e  and t r a c t i o n  motor 

blower i n l e t .  The r e s u l t i n g  t r a n s f e r  f u n c t i o n  i s  shown i n  F i g .  

C.1. These t r a n s f e r  f u n c t i o n s  were used  t o  e s t i m a t e  t r a c t i o n  

motor b lowers  and e n g i n e  i n t a k e  s o u r c e  s p e c t r a .  



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

F I G .  C . 1 .  A I R  COMPARTMENT A I R B O R N E  P A T H  T R A N S F E R  F U N C T I O N .  



Compressor  

The same speake r  box used i n  t h e  a i r  compartment was p l a c e d  

on t h e  f l o o r  of t h e  e n g i n e  compartment j u s t  a f t  o f  t h e  compressor .  

One microphone was mounted d i r e c t l y  above t h e  compressor  t o  ob- 

t a i n  t h e  sound p r e s s u r e  l e v e l  under  t h e  hood. The r e s u l t i n g  

t r a n s f e r  f u n c t i o n s  a r e  shown i n  F i g .  C . 2  f o r  each  f a r f i e l d  micro-  

phone. * 

The same s p e a k e r  sys tem was p l a c e d  on t o p  of t h e  v a l v e  

c o v e r s  on t h e  e n g i n e ,  app rox ima te ly  midway a l o n g  i t s  l e n g t h  and 

on t h e  r i g h t  s i d e  of  t h e  locomot ive .  Three  microphones weye 

l e c a t e d  under  t h e  hood around t h e  eng ine .  The ave rage  of t h e s e  

t h r e e  microphones w a s  used t o  e s t i m a t e  t h e  underhood n o i s e  from 

t h e  s p e a k e r s .  The r e s u l t i n g  t r a n s f e r  f u n c t i o n s  f o r  t h e  seven  

f a r f i e l d  l o c a t i o n s  a r e  shown i n  F i g .  C . 3 .  

Dust B in  Blower 

The s p e a k e r  sys tem was p l a c e d  on t o p  of t h e  d u s t  b i n  blower 

o u t l e t  on t o p  o f  t h e  hood. Only t h o s e  s p e a k e r s  t h a t  f a c e d  upward 

were a c t i v a t e d .  Two microphones were l o c a t e d  1 f t  from t h e  

s p e a k e r s  i n  t h e  p l a n e  of  t h e  s p e a k e r  g r i l l .  The a v e r a g e  of  t h e s e  

two microphones was used  t o  e s t i m a t e  t h e  n e a r f i e l d  l e v e l s .  The 

r e s u l t i n g  t r a n s f e r  f u n c t i o n s  f o r  t h e  seven  f a r f i e l d  microphones 

a r e  shown i n  F i g .  C . 4 .  

The f o u r  s e t s  of  t r a n s f e r  f u n c t i o n s  a r e  c o n s i s t e n t .  The 

compressor  and e n g i n e  t r a n s f e r  f u n c t i o n s  a r e  v e r y  s i m i l a r .  

*Noise d a t a  under  t h e  hood a t  125  Hz were imprope r ly  t a k e n ;  a s  a  
r e s u l t ,  we have no t r a n s f e r  f u n c t i o n  v a l u e s  a t  t h a t  f r equency .  
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F I G .  C . 2 .  C O M P R E S S O R  A I R B O R N E  P A T H  T R A N S F E R  F U N C T I O N S .  



FIG. C . 3 .  E N G I N E / A L T E R N A T O R  A I R B O R N E  P A T H  T R A N S F E R  F U N C T I O N .  



ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz)  

FIG. C.4. D U S T  B I N  B L O W E R  T R A N S F E R  F U N C T I O N .  



L o c a t i o n s  6 and 7 have somewhat h i g h e r  t r a n s f e r  f u n c t i o n s  from 

t h e  e n g i n e  s i n c e  t h e s e  l o c a t i o n s  a r e  c l o s e r  t o  t h e  eng ine  t h a n  

t o  t h e  compressor .  The a i r  compartment t r a n s f e r  f u n c t i o n s  a r e  

g e n e r a l l y  h i g h e r  t h a n  t h e  e n g i n e  t r a n s f e r  f u n c t i o n s ,  p robab ly  

because  o f  t h e  l a r g e  i n l e t  opening  i n t o  t h e  a i r  compartment.  The 

o p p o s i t e  i s  t r u e  a t  l o c a t i o n  1 i n  t h e  r e a r  of t h e  locomot ive ,  

where t h e  e n t i r e  l e n g t h  of  t h e  locomot ive  i s o l a t e s  t h e  a i r  com- 

par tmen t  from a n  o b s e r v e r .  It i s  encourag ing  t o  n o t e  t h a t  t h e  

d u s t  b i n  blower t r a n s f e r  f u n c t i o n s  p r e d i c t  t h a t  t h e  n o i s e  100 f t  

from t h e  blower w i l l  b e  app rox ima te ly  40 dB below t h a t  measured 

1 f t  from t h e  blower ( i . e . ,  l o c a t i o n s  2 ,  3 ,  and 4 ) ,  a p r e d i c t i o n  

t h a t  a g r e e s  w i t h  s imp le  s p h e r i c a l  s p r e a d i n g  laws. 



A P P E N D I X  0: S T R U C T U R E B O R N E  T R A N S F E R  F U N C T I O N S  

Locomotive n o i s e  can  t r a v e l  by two p a t h s :  a i r b o r n e  and 

s t r u c t u r e b o r n e .  T ransmis s ion  by a  s t r u c t u r e b o r n e  p a t h  o c c u r s  

when a  component ( s u c h  a s  t h e  e n g i n e )  v i b y a t e s  and s e t s  t h e  s t r u c -  

t u r e  o f  t h e  locomot ive  v i b r a t i n g ,  t h u s  c a u s i n g  t h e  component t o  

r a d i a t e  sound. On t h e  SD40-2 l ocomot ive ,  we i d e n t i f i e d  t h e  en- 

g i n e ,  t h e  main a l t e r n a t o r ,  and  t h e  r a d i a t o r  c o o l i n g  f a n s  a s  

p o s s i b l e  s t r u c t u r e b o r n e  s o u r c e s .  I n  t h i s  appendix ,  we d e s c r i b e  

t h e  measurements performed t o  de t e rmine  t r a n s f e r  f u n c t i o n s  r e l a t -  

i n g  t h e  v i b r a t i o n  a t  t h e  mounting p o i n t s  of each  of t h e s e  com- 

ponen t s  t o  t h e  r e s u l t i n g  n o i s e  a t  t h e  l o c a t i o n s  o f  i n t e r e s t  

a round t h e  locomot ive .  

I n  o r d e r  t o  e s t i m a t e  t h e  n o i s e  g e n e r a t e d  by v i b r a t i o n  a t  t h e  

mounting p o i n t s  of  t h e  above components we s t r u c k  t h e  mounting 

p o i n t s *  w i t h  a l e a d  hammer many t i m e s  s u c c e s s i v e l y ,  w h i l e  s imul-  

t a n e o u s l y  measur ing  t h e  v i b r a t i o n  a t  t h e  mounting p o i n t  and t h e  

r e s u l t i n g  sound a t  t h e  s even  l o c a t i o n s  of i n t e r e s t  a round t h e  

locomot ive .  Even hammering on t h e  mounts d i d  no t  produce  enough 

n o i s e  t o  overcome t h e  background n o i s e  a t  a l l  l o c a t i o n s .  As a  

r e s u l t ,  we show o n l y  r e s u l t s  f o r  l o c a t i o n s  3 and 7 a t  1 0 0  f t  and 

2 5  f t  from t h e  locomot ive ,  r e s p e c t i v e l y .  

Measurements of t h e  v i b r a t i o n  a t  t h e  eng ine  and main a l t e r -  

n a t o r  mount have shown h o r i z o n t a l  and v e r t i c a l  v i b r a t i o n  s p e c t r a  

t o  be v e r y  n e a r l y  e q u a l  a t  a c o u s t i c  f r e q u e n c i e s .  A t  t h e  com- 

p r e s s o r  and c o o l i n g  f a n  mounts,  v e r t i c a l  v i b r a t i o n  dominates  ove r  

h o r i z o n t a l .  

*To e x c i t e  t h e  f a n s ,  we s t r u c k  t h e  locomot ive  hood on t h e  f a n  
c e n t e r l i n e  a t  two l o c a t i o n s  between t h e  forward  and midd le  f a n s  
and between t h e  midd le  and a f t  f a n s .  We measured t h e  v i b r a t i o n  
a t  t h e s e  two l o c a t i o n s  s i m u l t a n e o u s l y .  Comparable v i b r a t i o n  
s p e c t r a  were o b t a i n e d  a t  t h e  two l o c a t i o n s  when e i t h e r  of them 
was s t r u c k .  



Space r e s t r i c t i o n s  under  t h e  hood p r e v e n t e d  u s  from s t r i k i n g  

t h e  e n g i n e  and main a l t e r n a t o r  mounts i n  t h e  h o r i z o n t a l  d i r e c -  

t i o n s .  A s  a  r e s u l t ,  a l l  s t r u c t u r e b o r n e  t r a n s f e r  f u n c t i o n s  a r e  

f o r  v e r t i c a l  e x c i t a t i o n  o n l y .  S i n c e  t h e  eng ine  and main a l t e r -  

n a t o r  mounts v i b r a t e  s i g n i f i c a n t l y  i n  t h e  h o r i z o n t a l  d i r e c t i o n  

a s  w e l l  a s  t h e  v e r t i c a l  d i r e c t i o n ,  we a r e  n e c e s s a r i l y  under-  

e s t i m a t i n g  t h e  engine/main a l t e r n a t o r  s t r u c t u r e b o r n e  c o n t r i b u-  

t i o n s .  

The s t r u c t u r e b o r n e  t r a n s f e r  f u n c t i o n s  a r e  shown i n  F i g s .  D . l  

and D . 2  f o r  microphone l o c a t i o n s  3 and 7 ,  r e s p e c t i v e l y .  S ince  

l o c a t i o n  3 i s  t h r e e  t i m e s  a s  f a r  away from t h e  locomot ive  a s  l o c a-  

t i o n  7 ,  one would expec t  l o c a t i o n  7 t o  be on t h e  o r d e r  of 1 0  dB 

h i g h e r  t h a n  l o c a t i o n  3 f o r  l o c a l i z e d  s o u r c e s .  T h i s  i s  v e r y  

n e a r l y  t h e  c a s e ,  as t h e  two f i g u r e s  show. 

E s t i m a t e s  of t h e  s t r u c t u r e b o r n e  n o i s e  a t  l o c a t i o n s  3 and 7 

a r e  shown i n  F i g s .  D . l  t o  D.8. These e s t i m a t e s  were o b t a i n e d  by 

add ing  t r a n s f e r  f u n c t i o n  l e v e l s  t o  measured v i b r a t i o n  l e v e l s .  

The eng ine  i s  s e e n  t o  be  t h e  dominant s t r u c t u r e b o r n e  n o i s e  s o u r c e .  



FIG. D . 1 .  S T R U C T U R E B O R N E  T R A N S F E R  F U N C T I O N S  F O R  M I C R O P H O N E  
L O C A T I O N  3. 



F I G .  D.2. S T R U C T U R E B O R N E  T R A N S F E R  F U N C T I O N S  FOR L O C A T I O N  7 .  



FIG. D.3. S T R U C T U R E B O R N E  N O I S E  A T  I D L E ,  L O C A T I O N  3. 



F I G .  D . 4 .  S T R U C T U R E B O R N E  N O I S E  A T  T H R O T T L E  4 ,  F U L L  L O A D ,  
L O C A T I O N  3 .  
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F I G .  D . 5 .  S T R U C T U R E B O R N E  N O I S E  A T  T H R O T T L E  8 ,  F U L L  L O A D ,  
L O C A T I O N  3 .  



ONE- THIRD OCTAVE BAND CENTER FREQUENCY (Hz) 

FIG. D.6. S T R U C T U R E B O R N E  N O I S E  A T  I D L E ,  L O C A T I O N  7. 
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A P P E N D I X  E :  L O A D  CELL N O I S E  

A Gene ra l  E l e c t r i c  a i r  coo led  r e s i s t o r  bank l o a d  c e l l  was 

used t o  d i s s i p a t e  t h e  power from t h e  locomot ive  i n  t h e  s t a t i o n -  

a r y  t e s t s .  The c e l l  has  a  l a r g e  s q u i r r e l  cage blower used  t o  

c o o l  t h e  r e s i s t o r  g r i d s  t h a t  i n c r e a s e s  i n  speed  a s  t h e  l o a d  d i s -  

s i p a t e d  i n c r e a s e s .  T h i s  blower g e n e r a t e s  c o n s i d e r a b l e  n o i s e  and 

t o  minimize i n t e r f e r e n c e  w i t h  t h e  measurements a  3/4- in.  plywood 

b a r r i e r  was c o n s t r u c t e d  around t h e  l o a d  c e l l  a s  d e s c r i b e d  i n  t h e  

t e x t .  D e s p i t e  t h e  p r e s e n c e  of t h e  b a r r i e r  t h e  l o a d  c e l l  cou ld  

be h e a r d  a t  s e v e r a l  microphone l o c a t i o n s  w i t h  t h e  locomot ive  run-  

n i n g  i n  t h e  f u l l y  q u i e t e d  c o n f i g u r a t i o n .  I n  o r d e r  t o  q u a n t i f y  

t h e  c o n t r i b u t i o n  of l o a d  c e l l  n o i s e  t o  t h e  n o i s e  measurements a t  

each  microphone l o c a t i o n ,  measurements of l oad  c e l l  n o i s e  n e a r  

t h e  l o a d  c e l l  were e x t r a p o l a t e d  t o  t h e  microphone l o c a t i o n s  

a round t h e  locomot ive  u s i n g  a  t r a n s f e r  f u n c t i o n  approach .  

F i g u r e  E . l  shows e s t i m a t e s  of t h e  n o i s e  from t h e  l o a d  c e l l  

6  f t  i n  f r o n t  of  t h e  b a r r i e r  based  on n o i s e  measurements a t  t h a t  

l o c a t i o n *  w i t h  t h e  locomot ive  i n  t h e  f u l l y  q u i e t e d  c o n f i g u r a t i o n  

and r u n n i n g  loaded  a t  t h r o t t l e s  4 and 8 .  The s p e c t r a  show s t r o n g  

peaks  a t  630 Hz and 1250 Hz a t  t h r o t t l e  4 and a t  1000 Hz and 

2000 Hz a t  t h r o t t l e  8 ,  which i s  c o n s i s t e n t  w i t h  t h e  t o n a l  n a t u r e  

o f  t h e  n o i s e  from t h e  l o a d  c e l l .  

These s p e c t r a  a r e  e x t r a p o l a t e d  t o  t h e  microphone l o c a t i o n s  

of  i n t e r e s t  a round t h e . l o c o m o t i v e  u s i n g  t h e  t r a n s f e r  f u n c t i o n s  

of F i g .  E . 2 .  These were o b t a i n e d  by p l a c i n g  a  6- speaker  s o u r c e  

e x c i t e d  w i t h  o c t a v e  band random n o i s e  on t h e  f l a t  c a r  n e a r  t h e  

l o a d  c e l l  blower i n l e t  p r i o r  t o  e r e c t i o n  of t h e  b a r r i e r .  The 

*Measurements were t a k e n  a t  t h r e e  l o c a t i o n s  1 0  f t  a p a r t  a l o n g  a  
l i n e  6  f t  i n  f r o n t . o f  t h e  b a r r i e r s ,  t h e  c e n t e r  microphone b e i n g  
d i r e c t l y  i n  f r o n t  of t h e  b a r r i e r .  
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n o i s e  was t h e n  measured i n  o c t a v e  bands a t  t h e  microphone l o c a-  

t i o n s  of  i n t e r e s t  ( s e e  F i g .  3 . 8 )  and 6 f t  i n  f r o n t  of  t h e  p lanned  

b a r r i e r  l o c a t i o n .  The d i f f e r e n c e s  between t h e  sound p r e s s u r e  

l e v e l  a t  each  f a r f i e l d  microphone l o c a t i o n  and t h e  n e a r f i e l d  

l o c a t i o n  gave  t h e  t r a n s f e r  f u n c t i o n s  i n  F i g .  E.2. No t r a n s f e r  

f u n c t i o n s  a r e  shcwn f o r  l o c a t i o n s  4 and 5 .  These l o c a t i o n s  were 

s h i e l d e d  from t h e  s p e a k e r  by  l o a d  c e l l  p a n e l s  and gave v a l u e s  

f o r  t h e  t r a n s f e r  f u n c t i o n s  t h a t  r e s u l t e d  i n  l o a d  c e l l  n o i s e  e s t i -  

mates  a t  t h o s e  l o c a t i o n s  t h a t  were t o o  low t o  account  f o r  t h e  

f a c t  t h a t  t h e  l o a d  c e l l  cou ld  b e  hea rd  a t  l o c a t i o n s  4 and 5  w i t h  

t h e  locomot ive  i n  t h e  f u l l y  q u i e t e d  c o n d i t i o n .  

I n  o r d e r  t o  u s e  t h e  d a t a  i n  F i g .  E . 2 ,  t h e  n e a r  f i e l d  l o a d  

c e l l  s p e c t r a  i n  F i g .  E . l  have been averaged  i n  t h o s e  o c t a v e  bands 

f o r  which t r a n s f e r  f u n c t i o n  d a t a  i s  a v a i l a b l e .  For  example,  t h e  

l e v e l s  a t  1000 Hz i n  F i g .  E . 1  (open and c l o s e d  c i r c l e s ) ,  u s e  t h e  

r e s u l t  o f  a v e r a g i n g  t h e  1 /3  o c t a v e  band l e v e l s  a t  800,  1000 and 

1250 Hz. 

F i g u r e s  E . 3  and E . 4  show t h e  e s t i m a t e d  A-weighted 1 /3  o c t a v e  

band sound l e v e l s  due t o  t h e  l o a d  c e l l  a t  t h e  microphone l o c a-  

t i o n s  of i n t e r e s t .  

C o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  t h a t  t h e  l o a d  c e l l  cou ld  n o t  

be hea rd  a t  l o c a t i o n s  3 ,  6 and 7 ,  t h e  e s t i m a t e d  l o a d  c e l l  n o i s e  

l e v e l s  a t  t h o s e  l o c a t i o n s  a r e  much lower  t h a n  t h e  locomot ive  

n o i s e  l e v e l s  measured t h e r e  w i t h  t h e  locomot ive  i n  t h e  f u l l y  

q u i e t e d  c o n d i t i o n .  C o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  t h a t  t h e  

l o a d  c e l l  c o u l d  be hea rd  a t  l o c a t i o n s  1 and 2 t h e  e s t i m a t e d  l o a d  

c e l l  s p e c t r a  l e v e l s  t h e r e  a r e  comparable  t o  t h e  q u i e t e d  b a s e l i n e  

s p e c t r a l  l e v e l s  a t  t h e  h i g h e r  f r e q u e n c i e s .  
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APPENDIX F: R E P O R T  O F  INVENTIONS 

A f t e r  a d i l i g e n t  rev iew o f  t h e  work performed under  t h i s  

c o n t r a c t ,  we have de termined t h a t  t o  d a t e  no i n n o v a t i o n ,  

d i s c o v e r y ,  improvement, o r  i n v e n t i o n  has  been made. 
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