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Notice Board

CAA Annual Meeting and Symposium

The Annual Meeting and Symposium of  the  Canadian Acoust ica l  
Assoc ia t ion  w i l l  be held in Ha l i fax  on November 2 and 3,  1978. De ta i ls  
of  t h i s  meeting and a ca l l  f o r  papers wi l l  be s en t  to the members d i 
r e c t l y .

Preceeding the meeting and symposium wil l  be a seminar " In 
t r oduc t ion  to Acoustics"  on November 1. This seminar w i l l  cover some 
bas ic  a co u s t i c s  and a review of  r e c e n t  s tanda rd s .

For those planning to t r ave l  by a i r  to Ha l i fax  the  r a t e s  can 
be reduced i f  you

(a) Obtain c h a r t e r  c l a s s  a i r  f a r e  r a t e s  by r e se rv ing  before  
September 15, 1978, and s ta y i n g  a week, or

(b) By w r i t i n g  to the s e c r e t a r y  (Cameron Sherry) r eques t ing  
informat ion on how you can ob ta in  a 20% d iscount  on your 
f a r e  from Montreal to Ha l i fax .  This i s  p a r t i c u l a r l y  ad
vantageous to  anyone l i v i n g  wi th in  150 ki lometers  of  
Mont real .

D irectors  Award

The Direc to rs  o f  the CAA have agreed to o f f e r  an award to 
a young Canadian (35 years  or  under) who has a paper publ ished in 
"Acoustics and Noise Control in Canada". The award w i l l  be a plaque 
or  medal known as the D irec to rs  Award and w i l l  be presented a t  the 
Annual Meeting of  the  CAA. I f  a paper has m ul t i p le  a u th o r sh ip ,  the 
f i r s t  mentioned name wi l l  be considered as the  primary author  and th i s  
person wi l l  be the one considered.
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Papers to be considered wi l l  be compiled by the e d i t o r  and one 
o the r  person.  These wil l  be voted on by a l l  d i r e c t o r s  by a mail b a l l o t .  
I t  i s  hoped t h a t  the f i r s t  award can be made fo r  papers  submit ted in 
1978 and presen ted  a t  the  Annual Meeting in 1979.

U l t ras on ic s  I n t e r n a t i o n a l  79

A f i r s t  ca l l  fo r  papers i s  made f o r  t h i s  conference to be 
held in Graz Aus t r ia  on May 15-18,  1979. The conference i s  to cover a l l  
a spect s  and a p p l i c a t i o n s  o f  u l t r asound  in sc ience  and i n d u s t r y .  The 
emphasis wi l l  be on the most r e c e n t  developments in t h i s  f i e l d  and e s 
p e c i a l l y  on p r a c t i c a l  a p p l i c a t i o n s .

Authors o f f e r i n g  papers f o r  p r e s e n t a t i o n  should send a b s t r a c t s  
o f  150-250 words with one i l l u s t r a t i o n  to

Dr. Z. Novak 
Conference Organizer  
U l t r a son ic s  I n t e r n a t i o n a l  79 
IPC House 32 High S t r e e t  Guildford 
Surrey GUI 3EW U.K.

General e n q u i r ie s  should be s e n t  to the Conference Organizer ,  however 
e nq ui r i e s  regard ing  the e x h i b i t i o n ,  which is  t r a d i t i o n a l l y  held p a r a l l e l  
with the confe rence ,  should be s e n t  to Mr. John Gregory,  Exhibi t ion  
Manager, a t  the same address .

Second Congress o f  the Federa t ion of  Acoust ical  
_______________ S o c i e t i e s  o f  Europe_______________

The Second Congress o f  the Federa t ion of  Acoust ical  S o c i e t i e s  
o f  Europe (FASE)( l is ted  below) w i l l  be held in Warsaw on the 18-22 of 
September.  De ta i l s  o f  t h i s  program can be obta ined by w r i t i n g  Cameron 
Sherry f o r  a b o o k l e t c o n t a i n i n g  a l l  the informat ion.



INTERNATIONAL COMMISSION ON ACOUSTICS 
(ICA) -  I n for ma t ion  S e rv ic e

c / o  A co us t ic a l  Commission o f  the  Czecho
s lovak  Academy o f  Sc iences  
Plzenska  66,  15124 Prague 5

C i r c u l a r  ICA/ICS 228/77 

Prague,  10 October  1977

A C O U S T I C A L  E V E N T S  1 9 7 8

1978

A u s t r a l i a  May 29-30 ,  1978, Ade la ide

"Machinery V ib r a t io n  and Noise"

I n s t i t u t e  of  E n g i n ee r s ,  IT Nat iona l  C i r c u i t ,  
B a r t o n , A . C . T . , 2600

Braz i l  October  1978,  Rio de J a n e i r o

"5th Jorna das  de A cu s t ic a"

P ro f .  G.L. Fuchs,  Un ive rs ida d  Nacional  de 
Cordoba,  Ciudad U n i v e r s i t a r i a ,  E s t . -32 
Cordoba,  Rep. Argen t in e

Czechos lovak ia  October  3 -6 ,  1978,  High Ta t ra

"17th Aco us t ic a l  Conference on E l e c t r o 
a c o u s t i c s  and Measuring Technique"

o r g a n i z e d  by th e  Acous t ic a l  Commission 
o f  th e  Czechoslovak Academy o f  Science

S e c r e t a r i a t :  House o f  Technology
S k u l t ê t y h o ,  881 30 B r a t i s l a v a

Denmark August 16-18,  1978,  Odense

"Scandinav ian  A co us t ic a l  Meeting 1978"

Main theme: L i f e  and sound

O r g a n is e r :  Dansk A ku s t i sk  Se l skab
L u n d t o f te v e j  100,  2800 Lyngby
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Federal  Republ ic  
o f  Germany

France

a)  Marz 14-16 1978 in Bochum

"DAGA '78" - 6.Tagung - a l l é  Gebie t en 
de r  Akust ik

Kurzfassung des Vor t r ages  muss b i s  s p a t ,  
zum 3 0 . November 1977 dem Herrn P ro f . D r .
J . B l a u e r t ,  R u h r - U n i v e r s i t a t ,
U n i v e r s i t a t s s t r . 1 5 0 ,  Geb'aude IC/1 
D-4630 Bochum v o r l i e g e n .

Anmeldungen: Herr S c h ie r
VDE Z e n t r a l e  Tagungen 
S t r e s s e m a n n a l l e e  21 
D-6000 F ran kfu r t /Main

b) May 16-19,  1978,  F r e ib ur g

" I n t e r n a t i o n a l  Conference on B io l o g ic a l  E f f e c t s  
o f  Noise"

D e t a i l s  from: G. J a n s e n ,  I n t e r n a t i o n a l  Commission 
on B io l o g ic a l  E f f e c t  o f  Noise,
P.O. Box 358,  Norman, Oklahoma 73069,  USA

c) October  2 - 5 ,  1978,  Hannover 

"VDE-Kongress '78"

D e t a i l s  from: V D E -Z e n t r a l s t e l l e  Tagungen 
S t r e s em an n a l l ee  21 
D-6000 F r a n k f u r t / M . - 70

d) October  12-13,  1978,  Kar ls ruhe  

"VDI-Schwingungstagung '78"

D e t a i l s  from: VDI-Gesel1s c h a f t  Kons t ruk t ion  und
Entwicklung,  Fachbere ich  Schwingungs technik  
G r a f - R e c k e - S t r . 8 4 ,  D-4000 D ü sse ld o r f

a)  May 31 - June 2,  1978,  Lannion

"GALF Annual Meet ing -  Speech Communication"

D e t a i l s  from: C.N.E.T.
r o u t e  de Tr ê g a s t e l  
22301 Lannion

b) J u ly  3 -6 ,  1978,  P a r i s

8 th  Symposium on Non l ine a r  A co u s t i c s "

D e t a i l s  from: A.Zarembowitch, L a b o r a t o i r e  
de Recherches  Physiques  
Tour 22,  U n i v e r s i t é  P i e r r e  e t  M.Curie 
4 ,  P lace  J u s s i e u ,  75230 P a r i s  Cedex 05



Hungary

I t a l y

Poland

Apr i l  1 1 - 1 3 5 1978, Gyor

"IV.Kol loquium" - Tage des Maschinenbaul ichen  Umweltschutzes

S ek t i onen :  Larm - u .Schwingungsschutz
Schütz gegen Wasserverschmutzung 
Schütz gegen Luf tverschmutzung

In fo rm a t io nen :  W i s s e n s c h a f t l i c h e r  Verein 
f u r  Maschninenbau 
1372 Budapest ,  P os t f ach  451

a) October  1978

"Annual Congress o f  AIA" ( I t a l i a n  A s s o c i a t i o n  o f  A c o u s t i c s )

D e t a i l s  from: I t a l i a n  A ss o c i a t i o n  o f  A c o u s t i c s ,  S e c r e t a r y  
Via Cass ia  1216 
00189 Roma

b) 1978
"Annual Congress o f  I t a l i a n  S o c i e ty  o f  Audiology"

D e t a i l s  to  be announced: I t a l i a n  A s s o c i a t i o n
of  A c o u s t i c s ,  S e c r e t a r y  
Via Cass ia  1216 
00189 Roma

a) September 14-16 ,  1978,  Poznan

"Symposium o f  A co u s t i c s "

D e t a i l s  from: P o l i s h  A c o u s t i c a l  S o c i e ty  
u l . M a t e j k i  48/49 
60 769 Poznan

b) September 18-22 ,  1978,  Warsaw

"FASE 78 - Second Congress o f  th e  F e d e r a t i o n  of  
A cous t i c a l  S o c i e t i e s  of  Europe"

Main Topics :  A cous t i c  waves and s t r u c t u r e  o f  m a t t e r ,  
U l t r a s o n i c  methods o f  l o c a t i o n  and 
r e c o g n i t i o n ,  O b je c t iv e  and s u b j e c t i v e  
e v a l u a t i o n  o f  sound in a l i m i t e d  space

Papers to  be o f f e r e d  no t  l a t e r  than  10 December 1977

S e c r e t a r i a t :  FASE 78 Organ iz ing  Committee 
IPPT-PAN
u l . S w i e to k r z y s k a  21 
00-049 Warsaw



b.

Uni ted Kingdom a)  Apr i l  5 - 7 ,  1978,  Cambridge

" I n s t i t u t e  o f  A co u s t i c s  Spr ing Conference and 
Exhibi t i o n "

D e t a i l s  from: P ro f .  J . E.Ffowcs-Wi11iams 
En g i nee r ing  Department  
Trumpington S t r e e t  
Cambri dge

b) August  1978,  London

"Third  I n t e r n a t i o n a l  Conference  on Methods 
in  D ia l e c to l o g y "

Co n ta c t :  P ro f .  H.R. Wilson
Dept,  o f  E n g l i s h ,  U n i v e r s i t y  of  
Western O n t a r i o ,  London 
O n t a r i o ,  N6A 3K7, Canada

U.S.A. a)  May 16-19,  1978,  P ro v id enc e ,  Rhode I s l a n d

"Meeting o f  th e  A co us t i c a l  S o c ie ty  o f  America"

Chairman: Dr. S t a n l e y  L. E hr l i ch
Raytheon Co . ,  Submarine Signal  
Divi s ion
P.O. Box 360,  Portsmouth 
Rhode I s l a n d ,  02871

b) May 8 -1 0 ,  1978,  Jack Tar  Hotel

"INTERNOISE 78" (Sponsored by INCE)

The emphasis  w i l l  be on p r a c t i c a l  s o l u t i o n s  
to  im po r ta n t  no i s e  co n t r o l  problems

A b s t r a c t s  a r e  due on 24 October  1977;
3 co p ie s  to  Daniel  R. Flynn,  Technica l  

Program Chairman 
Nat ional  Bureau o f  S tanda rds  
Washington,  D.C. 26234

D e t a i l s  from: INTER-NOISE 78 
P.O. Box 3469 
A r l i n g t o n  Branch 
Poughkeeps ie ,  NY 12603

c) November 27- December 1,  1978,  Honolulu ,  Hawaii

"Meeting o f  th e  A co us t i c a l  S o c ie ty  o f  America"

-  j o i n t l y  wi th  AS o f  Japan

Chairman: Dr. John C. Burgess
U n i v e r s i t y  of  Hawai i ,  Dept ,  o f  
Mechanical  Engineer ing 
2540 Dole S t . ,  Honolulu 
Hawaii 96822
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THE ENERGY COSTS OF SOME NOISE ABATEMENT PROCEDURES

R.K. Leong, Civil Aeronautics 
Transport Canada, Place de Ville,

Ottawa, Ontario K1A 0N8

1. INTRODUCTION

The growth of commercial jet transport since 1957 has been accompanied 
by a growing concern with the increased noise levels in communities 
adjacent to airports. To alleviate this impact, noise abatement pro
cedures for aircraft operations were implemented. Amongst these pro
cedures are : the use of preferential runway systems to avoid over
flying densely populated areas, power reduction after takeoff, reduced 
thrust takeoff, steeper glide slopes during approach and delayed flap 
landing. However, the recent "energy crisis" and subsequent sharp 
rise in aviation fuel prices have created a need to determine how much 
these noise abatement procedures are costing us. In an attempt to 
obtain some energy costs of these procedures, a theoretical study was 
conducted. For this paper, fuel consumption and noise reduction bene
fits of some noise abatement departures are presented.

2. NOISE ABATEMENT DEPARTURES

The departure noise problem occurs as the aircraft passes over or near 
noise sensitive areas after departing the immediate vicinity of the 
runway. This problem is dominated by the engine noise and the climb 
performance of the airplane. A reduction of engine power at some point 
of the departure is recognized as a means of reducing noise at the 
ground level. TABLE I lists the two types of noise abatement depar
tures that utilize thrust reduction. Departure Type A (ATA Procedure) 
in use by several airlines, establishes the 1,000 ft. height as the 
point for flap retraction. Upon clean-up, thrust is reduced and the 
airplane then climbs at zero flap speed to 3,000 ft. Unlike the ATA 
Procedure, Type B departure tends to keep the airplane high before 
flap retraction or thrust reduction or both is applied. It usually 
establishes thrust reduction when the airplane is still in a "dirty" 
configuration.

Figure 1 illustrates the ATA Departure (Type A) profile of a B747. It 
requires the airplane to climb out using takeoff thrust to 1,000 ft. 
at V2 + 10 knots. At this point, the airplane continues climbing and 
at the same time retracts flaps at the appropriate minimum speeds.
After clean-up, it reduces thrust and climbs at zero flap speed, VZF 
(in this case V2 + 80 kts.) to 3,000 ft. At this altitude or higher, 
the aircraft accelerates expeditiously from VZF to 250 kts., main
taining an approximate rate of climb of 500 - 1,000 ft/min. Type B, 
shown in Figure 2, requires the aircraft to climb using takeoff thrust 
to 1,500 ft. at a constant V2 + 10 kts. and takeoff flap. Climb 
thrust is then set and straight climb out is performed with flaps 
retracted at the scheduled speeds. The aircraft then accelerates to 
250 kts. and climbs to 10,000 ft. In order to determine the energy 
costs of these noise abatement departures, a takeoff procedure that
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does not contain noise abatement is used as a reference. The depar
ture profile is shown on Figure 3. It requires the aircraft to climb 
straight ahead at V2 + 10 kts. to the height selected for flap 
retraction. In this study, the FAA minimum height requirement of 400 
ft. is used. The aircraft then accelerates and retracts flaps at the 
appropriate minimum speeds. Upon, clean-up climb thrust is set and the 
aircraft then accelerates to 250 kts.

3. FUEL CONSUMPTION ANALYSIS

The fuel consumption analysis of a departure is done in steps related to 
specific segments defined by changes in airplane configuration, engine 
thrust or speed. Figure 4 shows the segments used in the fuel consump
tion analysis of the B747 ATÂ (Type A) departure. The first segment 
begins where the airplane has attained a height of 35 feet to the flap 
retraction height of 1,000 ft. AGL. The second segment starts at this 
altitude and ends at the point where the next flap retraction speed is 
reached (here V2 + 20 kts.). The third segment begins from here and 
ends at the height where V2 + 40 kts. is reached and so on until clean
up. The next segment, then, is the climb at VZF to 3,000 ft, AGL and 
the last segment is the acceleration from clean-up speed to 250 kts.

The outline of the procedure used in calculating the fuel consumed in 
each segment is given in Figure 5. The data required for each segment 
are: aircraft takeoff weight, aircraft speeds at the start and end of 
segment, flap setting, thrust setting, airport temperature, initial and 
final or estimated final aircraft altitudes and rate of climb (if 
available). From here, drag, delta, mach number, sonic speed, dT/dH 
and TAT are computed. With these aerodynamics quantitiès, the thrust 
per engine is then calculated. If the aircraft speed is maintained con
stant throughout the segment, then the accelerations rate of climb, 
climb gradient, traversed time and distance are calculated. If the air
craft is accelerating as well as climbing, then its traversed time and 
distance, its acceleration and final altitude are computed. Finally, 
the fuel consumed is computed from the fuel flow rate for the thrust 
setting and the traversed time.

4. DISCUSSION OF RESULTS

Figure 6 shows the effect of the three types of departure on the noise 
level under the flight path. The aircraft is a B747-100 at a takeoff 
weight of 513,000 lbs. and powered by four JT8D-3A engines. As can be 
seen, the two thrust reduction departures are about 2 - 5  EPNdB quieter 
then the non-noise abatement (reference) procedure for most distances 
under the flight path. The ATA procedure (Type A), however, has an 
additional l-2EPNdB reduction. This is due to two factors:
(1) the reduction in thrust upon clean-up, and (2) the higher altitude 
attained due to the higher speeds associated with a clean configuration. 
Table II gives the results of the computation. It is evident that the 
two noise abatement departures consumed more fuel; about 993.1 lbs. 
more fuel for the Type B and 201.9 lbs. more for the ATA procedure.
Based on the fuel price of 8c per lb., their respective extra costs are 
$79.45 and $16.16. It would appear that for the B747-100, the Type A 
(ATA procedure) departure offers the best compromise between noise and 
fuel consumed.
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Figure 7 shows the noise levels under the flight path of the three 
departures. The aircraft is a L-1011 at a takeoff weight of 425,000 
lbs. and powered by three RB.211-22B engines. Again it can be seen 
that the two noise abatement departures are substantially quieter (2 
- 5 EPNdB) than the reference procedure. The ATA procedure also shows 
a slight noise advantage over the normal takeoff procedure (Type B).
The energy costs of these departures are shown in Table III.

Figure 8 shows the noise levels under the flight path of a B727-200.
The aircraft is at a takeoff weight of 191,000 lbs. and powered by 
three JT8D engines. At the takeoff phase of the departure, the noise 
due to the Type A (ATA) procedure is 1 - 2EPNdB higher than that of the 
Type B. This is mainly due to the lower altitude of the aircraft 
during flap retraction. However, after clean-up the aircraft maintains 
a much higher altitude; subsequently, its noise level under the flight 
path is much lower than that due to the other two departures. Figure 9 
shows similar noise benefits from the two noise abatement departures 
for the DC-9-30 airplane. The ATA (Type A) departure, however, is not 
significantly quieter than the normal (or Type B) departure.

The energy costs of using noise abatement departures for both the 
B727-200 and the DC-9-30 are given in TABLE IV. It would appear that 
there is little extra fuel consumed by the DC-9-30 airplane even when 
noise abatement techniques are carried out during departure. For the 
case of the B727-200 the cost penalties are slightly higher. The short 
flap retraction schedules and light takeoff weights may be the reasons 
behind the smaller cost penalties associated with noise abatement 
departures.

The effect of takeoff weight on fuel consumption for the two noise abate
ment departures is illustrated from the results in Table V. For the 
Type A (ATA) departure, as the takeoff weight gets larger, the fuel 
penalty decreases. This may be due to the similarities in the flight 
characteristics of the two departures at large takeoff weight. The 
Type B departure, on the other hand, has the reverse trend. This may 
be due to the extra power required by the airplane to maintain the 
necessary heights and climb gradients of the profile.

Note: The above paper r e f l e c t s  the views o f  the author and should not be 
thought to r e f l e c t  those o f  Transport Canada.
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APPLY CLIMB THRUST

Figure 4: Profile Type A (ATA) Departure
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INPUT DATA:- T.O. WEIGHT, VI & V 2
- FLAP SETTING
- T.O/M.C/C.T.
- T(°C), RATE OF CLIMB
- H I E H G T 1 , HEIGHT2

r

COMPUTE: CD & 

MACH #, V(SOUND

DRAG, DELTA 

), TAT, DT/DH

COMPUTE:
FN = f(6, V, Ht) 
EPR = f (Ht, M, T)

NO YES

COMPUTE: RATE OF CLIMB COMPUTE: - ACCELERATION,
- CLIMB GRADIENT, - TIME,
- TIME, DISTANCE - FINAL HEIGHT,

- DISTANCE

COMPUTE: CORR.
FUEL FLOW

FUEL CONSUMED

= FLOW RATE X 
TIME

F igure 5
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TABLE 1

DEPARTURE TYPE FEATURES

TYPE A 
( a t a  p r o c e d u r e )

-  t a k e - o f f  t h r u s t

-  AT 1 ,0 0 0  FEET, RETRACT FLAPS

-  REDUCE THRUST, CLIMB AT VZF TO 3 ,0 0 0  FEET

-  ACCELERATE FROM VZF TO 250 KNOTS AND 
MAINTAIN APPROPRIATE RATE OF CLIMB

TYPE B
( n o r m a l  n o i s e

ABATEMENT
p r o c e d u r e )

-  TAKE-OFF THRUST TO 1 ,5 0 0  FEET ALTITUDE

-  REDUCE THRUST TO CLIMB SETTING AND 
RETRACT FLAPS

-  ACCELERATE FROM VZF TO 250 KNOTS AND 
MAINTAIN APPROPRIATE RATE OF CLIMB

TABLE I I

DEPARTURE
TYPE

FUEL CONSTO 
. Lb s ,

COSTS 
$0.08/Lb.

Reference 3747.8 $299.82

Type A 3949.7 $315.98
(ATA Procedure) (+ $16.16)

Type B 4740.3 $379.27
(Normal No is e (+ $79.45)
Abatement)



TABLE III
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DEPARTURE
TYPE

FUEL CONSUMED 
Lb s .

COSTS 
$0.08/Lb ,

Reference 3110.6 $248.35

Type A 3382.1 $270.57
(ATA Pr o c e d u r e) (+ $21.72)

Ty p e B 3601.7 $288.14
(No r m a l Noi s e (+ $39.29)
Ab a t e m e n t) 1

TABLE IV

A ircraft Departure Fuel Penalty 
(Lb s .)

Cost Penalty 
$0 a 03/Lb .

B727-200 Type A
(ATA Procedure)

+ 188.2 + $15.06

Type B
(Normal Noise 
Abatement)

+ 389.9 + $31.19

DC-9-30 Type A
(ATA Procedure)

+ 86.9 + $ 6,95

Type B
(Normal Noise 
Abatement)

+ 112.7 + $ 9.02



TABLE V
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m
Takeoff 
Weight (l b.)

Type A (ATA) Departure Type B Departure
Fuel Penalty 

(l b s,)
Cost Penalty 
($0.08/l b .)

Fuel Penalty 
(l b s.)

Cost Penalty 
($0.08/l b.)

513,000 + 201,9 $ 16.15 + 993.1 $ 79.45

650,000 + 181.3 $ 14.50 + 1690.5 $ 135.24

700, o œ + 134.7 $ 10.78 + 2501.3 $ 200.10
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Impul s ive  No i se  Measurements w i th  a Convent ional  Sound Level Pieter

A. Behar,  Research Engineer  
A c o u s t i c s  O f f i c e ,  Systems Research and Development Branch 
M in i s t ry  o f  Tr ans por ta t io n  and Communications,  Ontario

J.M. R i g a n t i ,  Engineer  
D i v i s i ô n  A cû s t i ca  

I n s t i t u t o  Nat ional  de Tecno lo g ia  I n d u s t r ia l  
Buenos A i r e s ,  Argent ina

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

A c o n t i n u o u s  noise can be d e f i n e d  by its sound p r e s s u r e  

level and its f r e q u e n c y  content. If the e n e r g y  of the noise is 

also of interest, then the d u r a t i o n  m ust also be taken into 

a c c o u n t .

The s i t u a t i o n  is not the same w hen an i m p ulsive noise has 

to be e v a l u a t e d  because, b e s i d e s  the c h a r a c t e r i s t i c s  listed 

above, the peak value and shape of the w a v eform, as well as its 

duration, are of interest.

In m o s t  i ndustrial envir o n m e n t s ,  high r e v e r b e r a t i o n  times 

cause the shape of the d e c a y  of an impulse to be a p p r o x i m a t e l y  
exponential. T his fact at first sight offers an a t t r a c t i v e  

p o s s i b i l i t y  for i n e x p e n s i v e l y  d e r i v i n g  the signal time 

constant, f *, as well as the peak level, when using an SLM set 

first to the "fast" and then to the "slow" response. As can be 

seen in Figure 1, if we have

where A is the peak value, and a 125 and are the
SLM readi n g s  for the "fast" and ^slow" settings, respectively.

a 125 -

and

and

then r - 875/ln (ai25/a 1 0 0 0 )

a — a f = /-, \ 0.143 
A - a 1 2 5 (a1 2 5 / a 1 0 0 0 )

fis d e f i n e d  as the interval b e t w e e n  the time at w h i c h  the 

signal reac h e s  its peak value, and the time at w h i c h  it 

d rops 8.7 dB b e l o w  this value.
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The object of the present study was to find out if it is 
possible to find the impulse signal's time constant and its 
peak level by using an inexpensive SLM,such as one built to 
IEC 123 specification accuracy, and measuring the "fast" and 
"slow" response readings.

2 . EXPERIMENT

A GR 1564 Sound Level Analyzer and GR 1556 B Impact Noise 
Analyzer were used, their "slow", "fast" and "peak" 
characteristics having been previously measured according to 
the method listed in the IEC 123 Recommendation, and also by 
using an oscilloscope.

The test signals used in the experiment were:

(a) Electrical pulses whose envelope had a rise time of less 
than 1 ms and decay times of different durations, the 
modulated signal being a sinusoid of 1 kHz,

(b) The same pulses as for (a), but using modulated pink noise,

(c) Impulsive noises generated by striking two wooden planks 
against one other. These noises were produced within 
enclosures of different acoustical characteristics, and 
picked-up by the SLM under test placed at different 
distances from the noise source, thus varying the 
characteristics of the noise at the microphone position.

A modulator was specially designed to be capable of shaping 
the test signals (a) and (b) in the following way: the envelope 
always had the same rise time of the order of 0.1 ms, decaying 
exponentially thereafter. The corresponding time constant could 
be varied in steps in order to obtain good repeatability. The 
signal thus obtained was introduced to the SLM under test, as 
well as to the oscilloscope, the latter being used as a 
monitoring instrument. An Impact Noise Analyzer (INA) was used 
to measure the peak levels of the signals as well as their 
decay times, which were also monitored on an oscilloscope.

Figure 2 shows photographs of the electrical signals (a) 
and (b). In Figure 2(a) the impulse has a 1 kHz sine content. 
Figure 2(b) shows the same envelope with pink noise. It can be 
seen that the second envelope is less regular than the first 
because of the probabilistic nature of the pink noise.

Figure 3 shows the waveforms corresponding to a real-life 
impulse obtained within a semi-reverberant acoustical
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enclosure. It can be easily seen that both the rise and the 
decay of the signal are quite irregular, due mostly to the 
changing predominance of the direct and reflected sound waves.

In all cases the following variables were recorded:

(a) "slow" and "fast" readings on the SLM under test, and

(b) "peak” and "time constant" on the INA.

3. RESULTS AMD CONCLUSIONS

In order to normalize the results, the difference in 
reported sound pressure level found between the "peak" and 
"slow" (P-S) responses,, as well as between the "fast” and "slow" 
(F-S), were evaluated as a function of the time constant.
Figure 4 shows a graph of the results obtained by using the 
electrical 1 kHz signals for the P-S difference together with 
the calculated regression line. The same procedure was used 
throughout the experiment, and the correlation coefficients 
were obtained.

As can be seen from Table 1 where those coefficients are 
shown, the correlation is quite acceptable in the case of the 
electrical pulses.

The best results are found using sinusoidal signals. In 
this case the correlation is almost the same for the "peak" - 
"slow" and for the "fast" - "slow" values.

For pink noise the results are also good. However, due to 
its probabilistic nature, the energy contained within each 
impulse is not the same. Since the integration time of the 
"slow" response is 8 times longer than that of the "fast" 
response, the probability of each burst having the same amount 
of energy is higher for the former. Then since the "peak" 
level is always the same, and the "slow" is nearly constant 
while the "fast" is not, the correlation of the difference 
"P-S" with f is better than that for "F-S".

The correlation coefficients corresponding to "real life" 
noises are not acceptable due to their low values. This result 
is explained mainly by the fact that the decay of pulses is not 
exponential, as shown in Figure 3.

Consequently, we are able to conclude that it is impossible 
to measure accurately the acoustical characteristics of a given 
impulsive noise by using an SLM which meets the IEC 123 
Recommendation. The correlation coefficients are too low to 
calculate either the peak level or the decay time with 
acceptable accuracy, except in the rare case of sinusoidal or 
pink noise pulses having proven exponential decays.

In this study we did not take into account the difficulty 
of reading the "fast" value due to the ballistic
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characteristics of the display, because this can be overcome by 
the use of digital indication devices.

BIBLIOGRAPHY

1. IEC 123 (1961) Recommendations for Sound Level Meters.

TABLE 1. Correlation Coefficients (see text)

r

TEST SIGNAL n P-S F-S

Sinusoidal 32 .97 .96
Pink Noise 50 .94 .9
Real-Life Noise 37 .61 .55

n = number of measurements 
r = correlation coefficients 
P-S = SPL difference recorded between "peak1 

"slow" meter response settings 
F-S = SPL difference recorded between "fast' 

"slow" meter response settings.

and

and
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FIGURE 1, Characteristics of an Exponentially Decaying Signal

2(a)

White Noise

2(b)

Pink Noise

FIGURE 2. Oscillographs of the Electrical Test Signals
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Oscillograph of a Real-Life Signal Recorded in a 
Semi-Reverberant Enclosure

4. SPL Difference Recorded Between "Peak" and "Slow" 
Meter Response Settings (P-S) as a Function of the 
Time Constant (f) for Modulated 1 kHz Sine Tone

P-S = SPL Difference 
f = Time Constant



28

P r o p e r t i e s  of  Railway Wheels

L. S t r a s b e r g ,  N. P e r f e c t ,  G.L. E l l i o t t  
Systems Research and Development Branch 

Research and Development Divis ion 
Ontar io  Minis t ry  o f  T ran sp o r ta t io n  and Communications

INTRODUCTION

The urban railway is ideally suited for high density 
corridors or for those areas where urban growth is considered 
desirable. H o w e v e r , urban railways are limited in their 
application by high capital requirements and by train noise 
which can disturb tne community served by the system (1).

Previous investigations into the nature of railway noise 
(2) have shown that wheel/rail noise is dominant, at least 
insofar as electric trains are concerned. It has been shown 
that sound radiated by the wheel is a significant part of the 
total noise. Many different types of railway wheels have been 
tested on transit systems with varying degrees of success. 
However, little has been published which would enable an 
operator to compare the different wheels on the basis of their 
fundamental mechanical properties. The purpose of this paper 
is to present some laboratory data on four common railway 

w h e e l s .

BEHAVIOUR OF EXISTING WHEELS

Wheels which are presently manufactured can be grouped into 
two categories - solid and resilient. In Table 1, the standard 
wheel is representative of the former group since it is made 
entirely of steel.

The resilient wheels use an elastomeric element to separate 
the wheel tread from its hub. The elastomer reduces the 
unsprung mass of the wheel/rail system and adds damping to the 
wheel. This damping reduces the squeal noise which can occur 
on short radius curves in the track. On the other hand, field 
experience indicates that resilient wheels do not appreciably 
reduce the rolling noise which occurs on straight track.

For this study, four properties of the wheels were soughts 
frequencies; mode shapes; modal damping ratios; and the degree 
of coupling between in-plane and out-of-plane wheel vibrations. 
This so-called "radial/axial" coupling has been postulated as 
an important mechanism in the generation of rolling noise (3).

The vibratory properties of the wheels were determined by 
mounting the wheel on the apparatus shown in Figure 2, and 
striking the wheel with a hammer. The resulting vibration was
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detected by an accelerometer and decomposed by a real-time 
analyser into the fundamental frequencies. Damping ratios were 
found by passing the signal through a narrow band filter and 
measuring the decay rate. The radial/axial coupling was 
determined primarily by static loading. Further evident was 
obtained by the detection of the same frequency using 
accelerometers with axial and radial orientations.

Typical vibration patterns for the wheels are shown in 
Figures 3 through 6. In each case, P represents the direction 
and location of the impact and A represents the direction and 
location of the accelerometer. It is important to note that 
the scales are different in each figure and that no attempt was 
made to control the magnitude of the impact. Complete results 
for the wheels are available in (4) and (5).

The laboratory data was compared to trackside audio 
recordings taken at a curve on the Toronto Transit Commission 
subway system. (Refer to Figure 7.) It was apparent that 
there is strong correspondence between the noise spectrum and 
the wheel frequencies at 5.24, 11 and 17 kHz.

The damping ratios for the wheels showed considerable 
scatter (Table 2). The standard wheel was, for all practical 
purposes, undamped while the Acoustaflex wheel produced the 
highest damping ratios. For all wheels except the Acoustaflex, 
only one sample was available for testing. Four Acoustaflex 
wheels were tested and these showed considerable variance in 
damping ratios. It is not known if such variance is typical of 
resilient wheels or if this behaviour is restricted to the 
sample tested.

To study radial/axial coupling in more detail, a Bochum 
wheel and a standard wheel were analysed using a static finite 
element model. In addition these wheels were subjected to 
radial and axial loads to determine stress and deflection 
behaviour. The slope of the web causes a load eccentricity 
which enhances radial/axial coupling. It was apparent from the 
model that the position of the load alters this eccentricity 
and modifies the coupling. Since the railway vehicle is free 
to oscillate across the rail head, the position of the actual 
load on the wheel is varied. This effect is one source of 
variability in the vibration behaviour of wheels (Figure 9).

The effect of load eccentricity can be reduced by various 
means. Two such methods are shown in Figure 10 and their 
deflections are compared to a standard wheel. It is apparent 
that a straight web reduces the deflections of the wheel and 
that they can be made very small by the use of an "A" frame.
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RESULTS FROM TWO PROTOTYPE WHEELS

The investigation into existing practice showed that 
several design components of railway wheels could be improved. 
These included:

(a) damping ratios;
(b) radial/axial coupling?
(c) unsprung mass.

Two prototype wheels were designed to demonstrate these 
improvements (Figure 1). Several new features distinguished 
them from most existing wheels:

(a) a thin rim to reduce the unsprung mass and attempt to 
increase the wheel/rail contact area;

(b) a straight web (wheel A) or an "A" frame construction 
(wheel B) to reduce radial/axial coupling;

(c) aluminum centers to reduce the total wheel mass;

(d) more flexible elastomers to improve the damping 
ratios; and

(e) bolted construction for easier a s s e m b l y .

In experiments, the prototype wheels were found to produce 
high damping ratios (Table 3). It is apparent that, by 
reducing the wheel rim mass and the elastomer stiffness, the 
damping ratio will increase for all modes which have a rim 
displacement component. Since these modes have already been 
identified as contributors to squeal noise then obviously an 
improvement is effected. In addition, the use of bolted 
construction increases the amount of damping available because 
of frictional effects.

The introduction of the elastomeric blocks near the center 
of wheel B improved the damping ratios marginally. These 
blocks reduced both the axial and radial stiffness of wheel B 
significantly when compared with wheel A. The radial stiffness 
of wheel A was 320,000 lb./in. (56 041 600 N/M) compared with 
80,000 lb./in. (14 011 200 N/M) for wheel B. The axial 
stiffness measured at the rim of wheel A was 30,000 lb./in. (5 
254 200 N/M) compared with only 2,000 lb./in. (350 260 N/M) for 
wheel B.
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CONCLUSIONS

The damping ratios of established railway wheels are low; 
generally below one percent. Of the wheels tested, the Bochum 
and Acoustaflex wheels produced the highest damping ratios.
The damping ratios of resilient wheels can be improved by 
judicious selection of mass and stiffness properties. Two 
prototype wheels were tested to demonstrate this principle.
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WHEEL

Bochum

S . A . B .

Acoustaflex

Standard

Table 1 
Four Railway Wheels

MANUFACTURER

Bochumer Verein A.G.
West Germany

Svenska Aktiebolaget Bromsregulator 
Sweden

Standard Steel Company 
U . S . A .

Canadian Steel Wheel Division 
Hawker Siddeley Canada Ltd.

Table 2

Frequencies and Damping Ratios of Railway Wheels

COMPONENT FREQUENCY DAMPING RATIO
kHz

STANDARD 0.62 0.00032
WHEEL 1.58 0.00014

2.75 0.000073
3.99 0.000042
5.28 0.000041
6.25 0.000041

BOCHUM 0.434 0.0051
WHEEL 1. 24 0.0031

2.20 0.0083
4.60 0 .0048

S.A.B. 0.433 0.0024
WHEEL 1.19 0.0011

2.10 0.00083
3.07 0.00081
4. 09 0.00051
5.16 0.00039

ACOUSTAFLEX 0.46 0 .0062 0.0027 0.0113 0.0044
WHEEL 1.35 0 .0048 0.0168 0.0082 0.0075

2.45 0 .003 0.005 0.0033 0.0029
3.67 - 0.0043 -

4.96 — 0.0041
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COMPONENT

WHEEL A

WHEEL B

Table 3
Damping Ratios of Two Prototype Wheels

FREQUENCY DAMPÏNG~RÂTÏO

330 Hz 0.008
988 Hz 0.017
1.83 Hz 0.026
2.33 0.024
2.83 0.025
3.61 0.027
4. 54 0.027
4.98 0.028
5.44 0.027
7.32 0.017

360 Hz 0.032
1.00 kHz 0.012
1 .84 0.017
2.36 0.040
2.84 0.034
3.60 0.032
4.56 0.022
5.52 0.021
6.44 0. 016
7.20 0.009



WHEEL A WHEEL B

Figure 1, Cross-Section o f Each Prototype Wheel

Figure 2, Test Set-Up Used to  Find Natural Frequencies o f Wheels
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FREQUENCY KHz FREQUENCY KHz

FREQUENCY KHz FREQUENCY KHz

Figure 3, Natural Frequencies of a Standard Wheel
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FREQUENCY KHz FREQUENCY KHz

FREQUENCY KHz FREQUENCY KHz

Figure 4, Natural Frequencies of a Bochum Wheel
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FREQUENCY KHz
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Figure 5, Natural Frequencies of an S.A.B. Wheel
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Figure 6, Natural Frequencies of an Acoustaflex Whee!



Figure 7a, TTC Train Noise Spectra 
from Trackside Recording on 

Curved Track

8 10 
FREQUENCY KHz

Figure 7b, Modal Patterns of Standard Wheel

REACTIONS

Figure 8, Finite Element Model Used for Analysis
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(DEFLECTION I 0 3 IN.)

2 0 2 2 0 2 
I-------1------1------ 1-------!— ! f------!------1------1------1

0 °  90 °  180°

0 °  90 °  180°

Figure 10, Axial Deflections on Back Face of Three Wheels Due to 
10,000 lb. Radial Load at Position 2 of Figure 9
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