
P B - 2 0 2  6 6 9  

T H E  S O U N D  E N V I R O N M E N T  IN L O C O M O T I V E  CAB% 
/ 

J o h n  P .  A u r e l i u s  

S y s t e m s  C o n s u l t a n t s  ,-orated 
New Y o r k ,  New Y o r k  

J u l y  1 9 7 1  







PA-ZOL LL 7. 
TECHNICAL REPORT STANDARD T ITLE  PAGE 

1. Report No. 2. Government Accession No. 3. Rocipiont's Catolog No. 

FRA-RP-71-2A 
4. Title and Subtitle 5. R.port Date 

The Sound Environment i n  Locom\ive Cabs Ju ly  1971 
6. Performing Organizat~on Code 

7. Authorls) 8. Perform~ng Organization Report NO. 

John P. Aurel i us 

9. Performing Organ~zat~on Name and Address 10. Work Unit No. 

Sys terns Consul tants  Inc. 
221 West 57th St reet  11. Controct or Grant NO. 

New York, New York 10019 DOT-F R-00006 
13. TYPO of Report and Poriod Covered 

12. Sponsoring Agency Name and Address 

Department o f  Transportat ion 
Federal Rai 1 road Administrat ion Addendum repor t  
Was h i  ngt0n , D. C . 20591 14. Sponsoring Agency Code 

15. Supplementary Notes 

Addendum t o  repor t  number FRA-RP-71-2: "The Y i  s i  b i  1 i t y  and Audi b i  1 i t y  o f  Trai  ns 
Approaching Rai 1 and Highway Grade Crossings" 

16. Abstract 

Measurements o f  the sound envi ronment i n 1 ocomotive cabs f nc l  udi ng audi b l e  
warnings perceived by crew members are described. Data was co l lec ted  dur ing two 
d i f f e r e n t  t e s t  runs under diverse condit ions, one on the Long Is land R.R. and the 
o ther  on the S t .  Louis-San Francisco Railway. The crew's working environment was 
found t o  approach the exposure l i m i t s  se t  i n  the Walsh-Healey Publ ic  Contract 
Service Act. Tape recordings from each run ind ica te  the fo l low ing  elements as 
s ign i f i can t :  engine noise, horn sounds and a i r  brake appl ica t ion noise. Data 
ind ica te  sound l eve l  readings taken under various operating condit ions i n  the cab. 
This study does no t  inc lude a d e f i n i t i o n  o f  lega l  exposure i n  the cabs, b u t  the 
noise survey forms presented are useful  t o  compute approximate exposure from 
observed data. 

The study suggests t h a t  because measurements o f  noise l eve l  i n  a t yp i ca l  
locomotive cab approach the l i m i t s  allowed i n  the Walsh-Healey Act, a more deta i led 
survey woul d be desi rab l  e t o  determine whether exposures do exceed lega l  1 i m i  t s  , 
and i f  so under what condi t tons.  

Forms of frequency analysis used i n  the study are a lso explained. 
- .  

17. Key Words 18. Distribution Statement 

Locomotive noise 1 eve1 s Avai 1 abi 1 i ty i s unl i m i  ted 
Acoustic measurement and analysis Copies may be obtained from the National 

Technical l n f o a a t i o n  Services , Spr ing f ie ld  , 
V i  r g i  n i  a 221 51 

19. Security Classif. (of thls report) 20. Security Classif. (of this pogo) 21. No. of Pages 22. Price 

Form DOT F 1700.7 (8-69) I 
I 

- a  - # A  CT-:- 

- 



INTRODUC 

This i s  the repor t  on measure ments of the sound environment in  locomotive 

cabs ,  made a s  a preliminary assessment  of the sounds, including audible 

warnings, perceived 
I 

by crew members.  Through the courtesy of the Long 

Island Rail Road and the St.  Louis-San Francisco Railway, an  observer with 

batte ry-powe red tape recorder  and calibrated microphone made re-cordings , 

and measurements on regularly-scheduled trains inside the locomotive&. 

The pr imary sound in  the locomotive cab (when horn warnings a r e  not 

sounding or  brakes a r e  not being applied) i s  engine noise, with wheel noise 

being l ess  obtrusive. Sound-level meter  readings were approximately 90 dB 

on the "A" scale . Approximately 135 blasts of the horn we re  s ounde d pe r 

hour during these runs .  A typical blast on the horn of the Fr i sco  locomotive 

produced a 98 dB reading. The Long Island locomotive had the horn mounted 

15  feet f rom the cab on the long hood; the sound level meter indicated 93 dB 

during a typical blast . Another significant sound was the a i r  blast  f rom the 

brake valve during application; 105 dB was measured during one such blast .  

The crew's working environment was found to approach the exposure limits 

s e t  i n  the Walsh-Heale y Public Contracts Act; further investigation is  

recommended to deter mine whether these limits a r e  actually being exceeded, 

and to devise better sound conditioning for locomotive cabs. 

Third-octave analyses .and amplitude vs. frequency plots a re  contained i n  

the appendix . 
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DATA COLLECTION 

Sounds inside the cabs of locomotives were recorded, using a battery- 

powered magnetic tape recorder and a calibrated microphone. Each 

recording was' made aboard a locomotive operating in regular service,  

and each was of a t  leas t  four hours duration. Two different test runs 

we re made unde r dive r se conditions . 

Long Island Rail Road - The f i r s t  recording was made dh tge 1 06-mile 

route f rom Jamaica to Montauk on Long Island, New York. A 2000-HP 

ALCo locomotive (Model AGP-20-MSC) was used, for a trrrln consisting 

of a baggage car  and two coaches. This is  the Long island's longest 

route, with a running time of about three hours each way (17 stops) and 

a layover of about one and three-quarters hours a t  Montauk. Eastbound 

to Montauk i t  was Train 4, and re  turning i t  was Train 9. 

The route is relatively straight and flat, in an  a r ea  that shades f rom urban 

to rural  in the 44 miles f rom Jamaica (within the New York City limits) 

eastward to Patchogue (the end of the commuting zone). F rom Patchogue 

to Montauk, speed limits a r e  in the 45 MPH range since the light traffic 

does not justify maintenance of a high-speed line. 

The locomotive had a 3-chime Nathan Model "M" horn mounted on the hood 

about 15 feet forward of the cab. Operating practice is to- run with the 

hood in front where possible (the locomotive is turned on a wye track at 

Montauk and has the same orientation on the re turn trip), and the. horn is 
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on the r ight  (engineer ' s )  s ide .  Two sheet-metal  baffles a r e  located on the 

hood halfway between the c a b  and the horn,  apparent ly  intended to  deflect  

the sound upwards and away f r o m  the cab .  Two ch imes  iace away f r o m  the 

cab ,  and one faces  toward i t .  A double- stem valve i s  provided, s o  that 
1 

reduced sound output c a n  be obtained by  the engineer  a s  des i r ed .  

S t .  Louis - San F r a n c i s c o  Railway - This r u n  was se lec ted  to  provide 

ope ra t ing  conditions considerably diffe ren t  f r o m  those encountered on the 

Long Island rou te .  The route was one-way f r o m  St .  Louis to  Springfield,  

Missour i ,  232 mi l e s .  The t r a i n  was a f re ight  of 57 loads  and 1 5  empt i e s ,  

with 27 long c a r s  for  a n  equivalent length of 99, 50-foot lengths and a 

weight of 4065 tons .  Two, 3 6 0 0 ~ ~ ~  Genera l  Motors locomotive units 

(Model SD-45) were  used.  

The route is bas ica l ly  r u r a l ,  with some  towns in t e r spe r sed  along i t .  The re  

a r e  more  cu rves  on i t  than on the Long Island route of the f i r s t  run ,  and the 

wes t e rn  half is through the foothills of the Oza rk  Mountains. The l ine  is 

a main  route f o r  through f re igh ts ,  most ly  single t r ack  with f requent  turnouts.  

The t r a in ,  number  39, had only one s top  scheduled,  a t  Newburg, for  a quick 

c r e w  change.  Maximum speed was about 60 MPH, and tke en t i r e  t r i p  took 

about 7 hours .  

The F r i s c o  normal ly  u s e s  SD-45's i n  pa i r s ,  coupled back- to-back with the 

cabs  a t  the ends  and the hoods i n  the middle.  A five-chime Les l ie  S-5T 

Supe rtyfon horn  is used,  mounted to the c a b  roof with a l l  chimes facing 

i n  the no rma l  d i rec t ion  of t rave l .  



MEASUREMENT /ANALYSIS 

Sounds - The tape recordings f rom each run were played back and reviewed 

to determine the significant elements of the acoustic environment in  each 

locomotive cab. Since each run produced a reco,rding a t  leas t  four hours 

i n  length, a good range of ope rating conditions was obtained. The following 

ele me nts we re identified a s  being significant: 

1 . Engine Noise . This s ound i s  continuous but s ornewhat varying 

in  character and intensity according to load conditions. 

2. Horn Sounds. 

3. Air Brake Application Noise . 
It is inte resting to note that wheel noise was gene rally not obtrusive, and 

that one could usually not estimate the speed of the train from listening to 

the tapes. 

Engine Noise - Sounds produced by the engines of the locomotives contained 

predominately .low frequency components, with the large s t  component at 

approximately 100 Hz. Analysis was made on the cab sound environment 

a t  sampling points cove ring the following ope rating conditions : 

1 . SD-45 locomotive heavily loaded. It was accelerating a 4065- 

ton freight train leaving the yard a rea  a t  low speed and entering 

the main line. 
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2 .  SD-45 locomotive, lightly loaded. The t r a in  was drifting into a 

curve a t  medium speed, with little or  no ef for t  f rom the locomotit-e . 
3. ACP-20 locomotive, me dium loading. The t ra in  was underway 

a t  operating speed (about 45 MPH). Two samples were analyzed 

unde r the se  conditions . 

Horn Sounds - The grade cross ing  warning signal consists of four blasts of 

the horn. In four hours of running, the Long Island Rail  Road engineer 

sounded this signal 159 t imes .  The F r i s c o  engineer sounded the signal 

11 2 time s in  an e qua1 pe riod . 

The Long Island locomotive, a s  noted prviously, was equipped with a double- 

s tem valve which allowed for a loud or  a soft blast  of the horn; the engineer 

used the soft  tone more frequently than the loud tone. The horn on the 

Long Island locomotive was located 15 feet away f rom the cab  on the side of 

the hood, and the engineer sounded very shor t  blasts .  The resul t  was that 

the observer  in the cab did not find the horn sounds to be very loud. 

The two engine men diffe red considerably in horn-blowing technique, with 

the F r i s c  o engineer sounding longer blasts  than the Long Island enginee r . 
This,  combined with the mounting of the 5-chime horn directly on the cab  

roof, made horn sounds considerably more obtrusive in  the cab  of the 

F r i s c o  locomotive . The horn was not used a t  crossings within the St. 

Louis city l imi ts .  

Analysis was made on the cab sound environment a t  sampling points cover-  



ing the following ope rating conditions with horn s ounding: 

1 . SD-45 locomotive, lightly loaded. The train was drifting into a 

curve a t  medium speed, with little or no effort from the locomotive. 
t 

2. AGP-20 locomotive, medium loading. The train was underway 

a t  operating speed (about 45 MPH). 

Air Brake Application- Air escaping f rom brake lines through the brake 

valve into the cab during application of the brakes creates a sound that is 

rich in high-frequency components, and that can be quite loud. This 

observer found the sound quite annoying (at  times almost painful), but the 

engineers conside red i t  to be a useful indication of brake performance . 

Sound Levels - Table I tabulates sound-level meter readings for ope rating 

conditions listed above. It should be recognized that two readings taken 

under similar  conditons will not agree perfectly. The sound level in  the 

cab is constantly changing, and the reported reading is an average 

selected by eye.  Accuracy is estimated to be - + 3 decibels. The 

I1C1l reading is a measure of total sound energy, and the "Att reading is  

similar  except that the meter is made less  sensitive to low frequencies than 

to high ones . The "A" reading is  used as  a crude approximation of the 

human response to noise, since a low-pitched noise is generally l ess  

annoying than a mid-frequenc y noise of the same e'ne rgy content (amplitude ) . 

Note that the "A" reading is higher on the SD-45 locomotive lightly loaded 
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TABLE I. SOUNDS IN LOCOMOTIVE CABS 

A tt " READING 

Locomotive Loading Speed Sound Source Sound Level  

AGP.- 2 0 Medium Medium Brake  Appl 105 dB I 
Medium 

AGP-20 Medium Medium Horn  

SD-45 Light Medium No Horn  

*AGP-20 Medium Medium No Horn  

SD-45 I Heavy 1 Low No Horn  

Locomotive Loading Speed Sound Source Sound Level  

AGP-20 Medium Medium Brake  Appl 105 dB -+--+-
SD-45 Light Medium 

- I Horn I lo4 
SD-45 Heavy No Horn  l I l C 3  
*AGP-20 Me dium Me dium No Horn  

Medium 1 Medium I Horn  1 101 

, Light  I Medium I No Horn  1 98 

s 

- 
*Average of two measu remen t s  made a t  different t imes  under s i m i l a r  
ope ra t ing  conditions . 
Note that the "A" reading emphas i zes  high- frequency souads such  a s  h o r n  
and wheel  noise ,  and d i sc r imina te s  against  low- frequency sounds such  as 
engine noise . The "A1' reading is commonly used for  evaluating indus t r ia l  
noise exposure  . 



than for  the same locomotive under heavy load. The "A" rk t e r  charac ter-  

is tic discriminate s against low frequencies such as engine sounds, and 

favors  highe r frequencies such as, wheel noise. The lightly loaded reading 

was taken a t  higher speed, which would produce g rea te r  wheel noise (this 
I 

resul t  r a i ses  the possibility that a n  hour i n  the cab of a locomotive pulling 

a heavy t r a in  upgrade a t  15  MPH might represent  l e s s  acoustic exposure 

than the same time spent  highballing the same  t r a in  on the level).  

Sound level  readings taken under operating conditions in  the cab as the 

horn  is sounded include sound energy f r o m  all sources ;  the engine and 

wheels as well as the horn. Readings were taken with the horn sounding 

and immediately af terwards with the. horn  silent,  in  o rde r  to  obtain the 

increase  i n  level  attributable to  the horn. Table I1 summarizes  the 

resu l t  of. this coMparison. Sound levels  shown for  the operation of the 

horn on the Long Island Rail  Road AGP-20 locomotive a r e  for use 

of the loud tone . The soft  tone of this horn  produced no measurable change 

i n  the sound level  reading. 

A typical air brake application on'the AGP-20 locomotive produced a 

reading of 105 dB on both the ItA1l and the llC1l sca les .  



E F F E C T  O F  

"A1' Reading ' 

Locomotive 1 Loading 

TABLE I1 

HORN OPERATION ON SO

Sound 
1 Speed 

UNDS IN CAB 

Level  Sound Level  
Horn  Silent 

SD-45 Light  Medium 98 dB 92 dB 

AGP-20 Medium Medium 93 8 7 

C" Reading 

Sound Level  Sound Level  
Locomotive Loading Speed 

- 
With Horn  Horn  Silent 

-- 

SD-45 Light Me d ium 104 dB 9 8 

AGP-20 Medium Me d ium 101 100 



CONCLUSIONS 

A cri terion for excessively noisy industrial environments is contained in 

the Walsh-Healey Public Contracts Act Safety and ~ e a l t h  Standards, 1969. 

The Act states that, in working environments where sound levels exceed 

90 dB as  measured on the "Af1 scale of a sound-level meter, either the 

time of exposure should be limited or the workers should wear personal 

protective equipment. The Act sets  times of exposure, in  steps, for 

sound levels above 90 dB. 

Table I11 illustrates sound levels typical of familiar types of noises. Table 

IV is a noise survey form, used a s  a worksheet for computing whether a 

working environment exceeds the sound exposure specified in the Act. 

Table IV also shows the allowable exposure for each range of sound levels. 

Note that a 92 dB environment is  permissible for six hours per day. 98 dB, 

the highest reading in Table I for horn operation, is permissible for two 

hours pe r day. 1 05 dB, the level during brake applications in the AGP- 20 

locomotive, i s  permissible for one hour per day. 

While the study and the analysis contained in i t  were not made for defining - 
legal exposure in the cabs, it  i s  illustrative to use the survey form to 

compute approximate exposure f rom the observed data. The SD-45 

locomotive cab, under light loading and medium speed was measured a t  

92 dB. This was a 'spot' measurement, and the level varies somewhat with 

changes in conditions, e tc . ; this level i s ,  howeve I-, reasonably typical 
. 

of 
. 

those encountered during the run. 



Assume, for the analysis ,  that a four -hour run  is made with a sound level 

of 92 dB f rom engine and wheel noise. Assume that the horn i s  used for 135, 

2-second blasts each hour (270 seconds o r  4-1 12 minutes. . . . .for simplicity, 

round this to 111 0 hour) a t  98 dB. F o r  this analysis,  ignore brake application 
I 

noise. Thus the exposure i s  3 . 6  hours a t  92 dB and . 4  hours a t  98 dB. 

Table V i l lustrates  the calculation, which gives the exposure factor a s  .73, 

a permissible value . The assumed conditions would not, however, be 

permissible for eight hours .  

Since the measurements  obtained for this repor t  indicate that the noise 

level  in  a typical locomotive cab approaches the l imits  allowed in  the 

Act, i t  is recommended that a more detailed survey be made to determine 

whether exposures do exceed legal l imi ts ,  and if s o  under what conditions. 

The findings a l so  suggest that that i t  is worthwhile to investigate locomotive 

cab de sign, with an  eye toward: 

1 .  General sound conditioning, t o  reduce engine and wheel noise. 

2 .  Mechanical isolation of the horn  assembly f rom the cab roof. 

3 .  Reducing .the amplitude of a i r  brake application noise, while 

retaining the audible indication of brake pe rformance . 



TABLE 111. 

TYPICAL A-WEIGHTED SOUND LEVELS 
A 1  A GIVEM OISl A K E  F R 0 1  NOISE W R C E  ~ Y I H O Y ( ~ U  

DECIBELS 

RE *I.' 

D H P  SIREN (100) 

130 

.RIVETING M4tn lNE 1 ('0 CASTING W A K E W T  AREA 

I 
.CUIOFF SAW 

* P N E U U T K  PEEN W E R  ' I 
100 ELECTRIC FURNACE AREA 

I 
'TEXTILE WEAVING PLANT I 

SIBWAY TRAIN (0') 90 0OILER R W U  

I CRINlI f f i  P R E Y  P U N T  

? M E W T I C  DRILL (50') I 80 TABUCATIK; ROQ1 

I INI ID f  SPWT CAR (50 YRO 

FOEK*(T TRAIN (1m.i 
VACVUI CLEANER (10') 

I P E E O I  (1') 

LARGE TRANSFORYER ,100' 

SOFT W I W E R  0 ' 1  

NEAR FREEWAY (AUTO TRAFFIC) 
LARGE STORE 
A C C r n T I f f i  OFFICE 

PRIVATE B V Y N E U  OFFICE 
L I O R  TRAFF IC 000') 
AVERAGE RESIDEME 

UIN LEVELS. RESIDCWTIAL AREAS IN  
CWICAGO AT NlOtT 

I 20 STWIO FOR W N O  PICTURES 

P i g ~ r c  2-1. Typicnl  A-ir1eightt.d sorrt~d I c :~~c /s  tnenstrrcB rrlith 
n sotrtrd-Ict'rI tttctrr. TBPSF IWI~IL'S nrc t n k ~ t t  frotn the / i t -  
cmttrrr. Sorrtrd-lci~r/ t,rrnsrrrrntrtr!s g i t v  only pnrt of the 
ittfortnation sst/nl/y acpcc-ssnry to  bnndlc* noise pohlcams, and 
RIG O/IC,N s; (p / i l (~ t~t t - t r t~d  6y nnn/vsis of t/lc. troiscb spcvctm. 

Reproduced from the Handbook of Noise Measurement, by  Arnold P. G. 
Pe ter son  a n d E r v i n E .  Gros s ,  J r ,  General Radio Company, West 
Concord, Mass ,  1967. 



Plant-Noise Survey Form DATE: 
METER # : 

LOCATION : .............................................................. 

............. NUMBER OF PERSONNEL EXPOSED: 

WEARING EAR PROTECTION7 
y a  no 

OPERATOR: .................................................... 

SIGNED: ....................................... . r . .  .................... 
b 

1565-A PROCEDURE CHECK LIST 

1 .  REMOVE WHITE CAP. 

2.  TURN MODE SWITCH TO "AS" (OR 
"CF" FOR IMPACT NOISE). 

3. TURN ATTENUATOR KNOB TO GET 
SCALE READING (OR TO 130 FOR IMPACT 
NOISE). 

4. ADD READING TO KNOB SE lT ING TO 
GET TOTAL dB. 

DIAGRAM: 
[Show memuring 
loutim with 
m X.1 

..................................................................................................................................................................................................................... NOTES: 
. ...................................................................................................................................................................................................................................

D P 

IMPACT CHECK (MUST 
BE UNDER 140 dB(C) 
ON "CF"): 

TOTAL 1 

D 
p 
D 
p 

:cn$ : 

dB(A) 
MAX 

LEVEL 

OVER 
115 

To comply with regulations, 
tot4 cannot b. more than 1. . . 

RECOMMENDATIONS; ........................................................................................................................................................................................

dB(A) 
MAX 

LEVEL 

OVER 
115 

EXPOSURE TIME 
' 

If necessary, note time of day 

" 2  
U J = ~  115 % 
f " 

W a U- 
0:: 

110 
0UJa 
l u ~ ~  105 1 
' 5 4  I 

Form No. 3227.A 
. ~ 8 N T f O  IN U.8 A. 

c n W ~  $ ? Z  
s J J  
cnOz 
G:J 
~ 0 3 ~  
d m , - >  
>u;WJ 
UJ I J t c n E  
z g a x  

Z '3 
? ? E X  
%i", 
z $ a +  

EXPOSURE TIME 
If necessary, note time of day 

TOTAL 
DURATION 
I N  HOURS 
PER DAY 

PERMIS- 
SIBLE 

HOURS 
PER DAY 

NONE 

102 

100 

97 

95 

92 

90 
UNDER 

90 

TOTAL 
DURATION 
I N  HOURS 
PER DAY 

PERMIS- 
SIBLE 

HOURS 
PER DAY 

NONE 

1% 

2 

3 

4 

6 

8 

ANY 

i 

I 

0 j 
1 

TABLE 1V 

... 

... 



TABLE V 

Plant-Noise Survey Form 
c D-45 ' ~ o r o ~ d f > ~  

... ................................................... LOCATION : 3 
c n D  ............................................................................... 

NUMBER OF PERSONNEL EXPOSED: ............. 
WEARING EAR PROTECTION? n 

............................................................. OPERATOR: 

SIGNED: .......................................... ! ......................... 

1565-A PROCEDURE CHECK LIST 

1. REMOVE WHITE CAP. 

2. TURN MODE SWITCH TO "AS" (OR 
"CF" FOR IMPACT NOISE). 

3. TURN ATTENUATOR KNOB T O  GET 
SCALE READING (OR TO 130 FOR IMPACT 
NOISEI. 

4. ADD READING TO KNOB SETTING TO 
GET TOTAL dB. 

DATE: 
METER # : - 

DIAGRAM: 
(Show rnwurlw 
loutlm wlth 
m X.) 

NOTES: ....................................................................................................................................................................................................................... 

D P 

dB( A) TOTAL PERMIS 

MAX EXPOSURE T )ME DURATION SIBLE 

LEVEL I f  necessary, note time of day I N  HOURS HOURS 
PER DAY PER DAI 

OVER " 
5 2 2 115 NONE 
i:i I 115 U 
t - .a!! 110 W 
02: 
o w 0  
U I L ~  105 1 : 2 3 
q 2 f 102 1% 
w * ~  
z i J  100 2  
V) 

a 5 ~ i  97 /L/ORN & P E ~ ~ ~ ~ I O U  o 3 ;S1z"> 
> " ; y  
lu I 

95 4 
dl-?: 

$$OI 
' 9 2  / N  / h d T ! ~ h /  M&G/ / f l  cp&=D 3.6 6 

zwq 90 8 
a W I  UNDER 
I g a t  90 ANY 

IMPACT CHECK (MUST 
BE UNDER 140 dB(C) 
ON "CFW): 

TOTAL 
To comply wi th  mgulatlom. 
toul unnot  b. more then 1. 

.- 

....................................................................................................................................................................................................................................... 

GENERAL RADIO WEST CONCORD, MASSACHUSETTS 01781 14 Form No. 3227.A 
MlNnO IN U.6.A. 



APPENDIX 

FREQUENCY ANALYSIS 



FREQUENCY ANALYSIS 

Two forms of frequency analysis we re  used. In both types of analysis,  the 

sound is  passed through a fil ter which allows one selected frequency 

component to reach an  amplitude measuring device, and rejects  a l l  othe rs .
For  third-octave analysis,  the fil ter i s  tuned to selected frequencies, and 

the amplitude i s  measured and recorded on the graph for each frequency. 

The standard frequencies a t  which measurements a r e  .made a r e  one -third 

of a n  octave apart ,  and the fil ter bandwidth i s  a l so  one-third of a n  octave . 
For  amplitude vs. frequency plots, a graphic level recorder  is used to 

measure the amplitude of the filtered sound and automatically move a pen 

ac ro s s  the paper . The paper is  moved under the pen by a motor which 

simultaneously tunes the f i l ter .  The resul t  is a continuous plot of ampli- 

tude vs . frequency. The fil ter bandwidth was s e t  a t  111 0 octave . 

Figure 1 i s  a third-octave analysis of the SD-45 locomotive under heavy 

load a t  low speed.  

Figure 2 is  a third-octave analysis,  and Figure 7 is a n  amplitude vs. 

frequency plot, of the AGP-20 locomotive under medium load a t  

medium speed. 

Figure 3 i s  a third-octave analysis showing the SD-45 locomotive under 

light load a t  medium speed. Operation with and without use of the horn 

is  compared. Figures 5 (without horn) and 6 (horn in use)  give the same 

information in amplitude vs . frequency form. . . 

 



Figure 4 i s  a third-octave analysis showing the AGP-20 locomotive under 

medium load a t  medium speed.  Operation with and without use of the horn 

is compared.  Note that the overal l  sound levels  given for  operation without 

the horn differ f rom those shown in Figure 2, although operating conditions 

a r e  s imi la r .  Figure 8 is  an amplitude vs .  frequency plot of the same 

infor mation for horn in use . 

Figure 9 is  an  amplitude vs.  f ~ e q u e n c y  plot of the AGP-20 locomotive 

cab  sound with a i r  brakes being applied. Note that the tenth-octave band 

amplitude re  mains constant a t  about 85 dB throughout the spec t rum out 

to the highest frequency the tape r ecorde r  could reproduce . In a l l  other 

sound analyses in the locomotive cabs,  the amplitude falls off at high 

frequencies and i s  generally not significant above 2.5 KHz. 
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Third-Octave Sound Analysis:  Soundi in Locomotive Cab. General 
Motors Model SD-45 (Fr i sco  #942) l'nder Heavy Loading, Low Speed. 

The curve i s  an average of two analyszs ,  made under equal operating 
conditions. I 

Sound-level meter  readings are  103 d~ "C", and 88 dB "A", for these sounde. 

Figure 1 .  
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Third-Octave Sound Analysis :  Sound in  Locomotive Cab. ALCo Model 
AGP-20-MSC (LIRR #212),  Under Medium Loading, Medium Speed. 

The  cu rve  is a n  ave rage  of two ana lyses ,  made  under  equal  operating 
conditions. 

Sound-level m e t e r  read ings  w e r e  104 dB "C", and 92 dB "A", for  th i s  sound 
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Figure  2. 
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Third-Octave Sound Analysis: Sounds in  Locomotive Cab, Horn vs. 
Backgr.ound. G. M. SD-45 ( F r i s c o  #942) Light Loading, Medium Speed. 

x = Horn in  Use 
o = Horn Not in Use (background) 

Sound - level me te r  readings a r e  104 dB "C", and 98 dB "A", with horn  
in use;  98 dB "C", and 92 dB "A", for  background sounds. 

Figure 3. 
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Thi rd -Oc tave  Sound Analysis :  Sounds in  Locomotive  Cab ,  Horn  vs.  
Background. ALCo AGP-20-MSC ( LIRR #212) ,  Medium Load, Medium 
Speed.  

x = Horn in Use 
o = Horn  Not in  Use (background)  

Sound-levcl  m e t e r  read ings  a r e  101 dB  "C", and 93 d B  "At t ,  with h o r n  
in u s e ;  100 dB "C", and 87 d B  "A", fo r  background sounds.  
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Amplitude vs.  Frequency Plot: Sounds in Locomotive Cab. G. M. SD-45 (Frisco #942), Light 
Loading, Medium Speed. 

Figure 5. 
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Figure 5 (continued) 
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250-2500 Hz. (For frequency content in the range 40-250 Hz, see Page 1 of Figure 5). 
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Amplitude vs. Frequency Plot: Sounds in Locomotive Cab. Horn operating on G. M. SD-45 
(Frisco # 942), Light Loading, Medium Speed. 

Figure 6. 
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Amplitude vs. Frequency Plot:  Sounds in  LGcon~otive Cab. ALCo AGP-20-MSC (LIRR #212) 
Medium Loading, Medium Speed. 

F igure  7. 
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Figure 7 (continued). 
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Amplitude vs. Frequency Plot: Sounds in Locomotive Cab. Horn operating on ALCo AGP-20-MSC 
(LIRR #212) Medium Loading, Medium Speed. 

Figure 8. 
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Figure 8 (continued) 
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Amplitude v s .  Frequency Plot: Sound in Locomotive Cab. Air Brake Application on ALCO AGP-  
20 -MSC (LIRR #212), Medium Loading, Medium Speed. 

Figure 9. 
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Figure 9 (continued) 



FREQUENCY MULTIPLIER 1000 

Figure 9 '(continued) 
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