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1. In troduct ion

While the use o f  humpyards f o r  the c l a s s i f i c a t i o n  of  r a i l ro a d  cars 
has been very e f f e c t i v e  in increasing  the volume of  cars handled in a yard,  
one unpleasant  by-product  o f  t h i s  system is the squeal which is of ten generated 
by the r e t a r d e r  systems. As the cars ro l l  down an i n c l in e  ( the "hump") they 
are  slowed by means of  a r e t a r d e r  system which usua l ly  is  two braking mechanisms. 
These clamp onto the wheels of the car  as i t  pas ses .  The i n i t i a l  r e t a rd e r ,  
ca l l ed  the mas ter ,  begins to slow the cars while the second is one of  the 
group r e t a r d e r s .  Figure 1 shows th ree o f  the group r e t a rd e r s  as well as the 
c l a s s i f i c a t i o n  t racks a t  the CNR Calder Yard in Edmonton. For c e r t a in  cars 
(usual ly  the heavier  ones) the r e t a r d e r  brake ac t ing  on the ca r  wheels causes 
a high pitched squeal to be generated.  The r e t a rd e r s  must d i s s i p a t e  energy 
a t  ra te s  of up to 400 kW (>500 HP) and even i f  a r e l a t i v e l y  small amount is 
converted to acous t ic  power high sound pressure  l ev e l s  can r e s u l t .

Levels of  approximately 120dB have been recorded a t  di s tances  of  
100 f e e t  from the r e t a r d e r .  Since most of the acous t ic  energy i s  in the 
2000-4000 Hz range the squeal tends to be very annoying. Because of  the 
r e l a t i v e l y  high frequency of  the squeal the use of b a r r i e r s  to control  the 
noise  seems an obvious answer. While b a r r i e r s  as low as s ix  f e e t  in he ight  
have been shown to be e f f e c t i v e  the p ra c t i c a l  l i m i t  to the i n se r t i o n  loss  
i s  about 25 dB. However, th i s  i s  not s u f f i c i e n t  as areas surrounding the 
r e ta rde r s  can s t i l l  be severely impacted by the squeal s .  For t h i s  reason 
a l t e r n a t e  techniques which would reduce the noise  f u r t h e r  have and are being 
sought .

2. Noise Generation Mechanisms

In order  to consider  the poss ib le  methods f o r  reducing the noise 
the mechanism which causes the squeal should be understood.  While the de­
t a i l e d  mechanism f o r  the r e t a r d e r  - wheel system is  not  known i t  is  bel ieved 
to be s t i c k - s l i p  v ib ra t io n  or  f r i c t i o n  induced v ib ra t io n  such as th a t  s tud ied  
f o r  example by Brockley, Cameron, and P o t t e r  [1] and Remington, Rudd and 
Ver [2] .

The screech noise  is  exci ted  by f r i c t i o n  forces  t h a t  ac t  between 
the r e t a r d e r  shoes and the car  wheels.  When these two surfaces  have r e l a t i v e  
s l i d i n g  motion, i n t e r m i t t e n t  v ib ra t ion  which can be a t t r i b u t e d  to the v a r i ­
a t ion of  the f r i c t i o n  forces  is  observed. For dry f r i c t i o n  the motion i s  a 
s e l f - e x c i t e d  phenomenon. This occurs because the s t a t i c  c o e f f i c i e n t  of  
f r i c t i o n  is  l a r g e r  than k in e t i c  c o e f f i c i e n t .  While the k in e t i c  c o e f f i c i e n t  
is a funct ion o f  time or  the r e l a t i v e  ve loc i ty  between the two surfaces  i t
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must in f a c t  be lower than the s t a t i c  value i f  s t i c k - s l i p  v ib ra t ions  are 
to occur.  Once e s t a b l i sh in g  the v e loc i ty  and time dependence of  f r i c t i o n ,  
i t  i s  poss ib le  to obtain an ana ly t ica l  so lu t ion  to the c r i t i c a l  v e loc i ty  which 
wi l l  cause t h i s  s t i c k - s l i p  o s c i l l a t i o n .

The ana lys is  al so  shows t h a t  increasing the damping of  the system 
or  a l t e r i n g  the f r i c t i o n - v e l o c i t y  c h a r a c t e r i s t i c  can reduce or  el iminate 
the s t i c k - s l i p  ac t io n .

The above ana lys is  would account only f o r  radial  type o s c i l l a ­
t ions  of  the car  wheel,  however, because of  the complex shape o f  the car  
wheel the t r ansve r se  modes are al so exc i ted .  I t  i s  these t r ansve rse  modes 
which are  held pr imari ly  respons ib le  f o r  the generat ion o f  the acoust ic  
waves which propagates as the  screech.

3. Methods of  Control l ing the Noise

The techniques used to control  or  e l imina te  the r e t a rd e r  shoe 
squeal include path- type  con t ro ls  such as b a r r i e r s ,  which have been men­
t ioned above, as well as modificat ion o f  the source elements.

One of  the e a s i e s t  and quickes t  techniques to e l imina te  the 
screech was the use of  various lu b r ic an t s  between the wheel and r e t a rd e r  
shoe. These lu b r ic an t s  had the e f f e c t  of  reducing the d i f fe rences  between 
the s t a t i c  and k in e t i c  c o e f f i c i e n t s  of  f r i c t i o n  and proved qu i te  e f f ec t iv e  
in the e l iminat ion  of  the squeal .  They did ,  however, reduce the e f f e c t i v e ­
ness o f  the r e t a rd e r s  and in many cases caused cars to " s l i p  through" which 
could lead to d isa s te rous  consequences.

Another method of  modifying the f r i c t i o n  forces between the wheel 
and r e t a r d e r  shoe is  to modify the metals in con tac t .  The f i r s t  metal 
used fo r  the r e t a r d e r  shoes in place of  s te e l  was ASTM 60 d u c t i l e  i ron.
While the incidence of  squeal was reduced using the d u c t i l e  i ron the sound 
in t e n s i t y  was s im i l a r  once the squeal began. As well these shoes wore a t  
approximately four  times the ra t e  of  s t e e l  shoes.  Other types of  shoes 
fo r  example those containing nodules of  graphi te  a re  being t e s te d .  These 
type of  shoes have shown improvements as f a r  as reducing the squeals ,  however, 
the l i f e  o f  these  shoes i s  considerably less  than those of  the usual carbon 
s te e l  ones.

As mentioned above the addi t ion of  damping to the s t i c k - s l i p  
system could t h e o r e t i c a l l y  el iminate  the s t i c k - s l i p  ac t ion .  For th is  
reason damping of  both the r e t a rd e r  beams and the car  wheels has been a t ­
tempted. The r e t a r d e r  beams were damped by adding sand bags and loose 
sand to the top of  the r e t a r d e r  beam. This produced no not iceab le  change 
in screech l e v e l .  The car  wheels have been damped by at taching  a sheet  of 
v i s c o e l a s t i c  damping material  to the wheels as well as by applying wooden 
damping shoes which were pressed aga ins t  the wheels during the time in 
which the wheel is  being braked.  The wooden damping shoes had no e f f e c t  
whatever on the wheel screech while the v i s c o e l a s t i c  damping did have some 
p o s i t iv e  e f f e c t .  While the addit ion o f  th is  damping material  may be e f ­
f e c t iv e  the idea of  i n s t a l l i n g  i t  on the thousands of  r a i l ro a d  cars in 
North America makes i t  an unworkable so lu t io n .
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More complicated techniques have also been t r i e d .  These include 
modulating the pressure appl ied to the r e t a rd e r  shoes so t h a t  the screech 
does not "build-up" and the modif icat ion of the r e t a r d e r  beam to a l t e r  i t s  
m ass - s t i f fness  c h a r a c t e r i s t i c .  Nei ther  o f  these ideas has shown much promise.

4. Current Inves t iga t ion

One o f  the humpyards with squeal problems i s  the CN Calder Yards 
in Edmonton. This f a c i l i t y  has an enclosure b u i l t  over  the master r e t a rd e r  
to control the no ise ,  however, the four  group r e t a rd e r s  have only p a r t i a l  
b a r r i e r s  to reduce the t ransmission of  the high frequency squeal from the 
r e t a r d e r - c a r  wheel i n t e r a c t i o n  (see Figure 1) .  In consider ing poss ib le  
so lu t ions to  the squeal prel iminary in v e s t ig a t io n s  of  the nature  of  the 
noise  and v ib r a t io n  from th i s  f a c i l i t y  were undertaken.  The v ib ra t ion  of 
the r e t a r d e r  beam as well as the squeal produced were monitored s imultaneously.  
A closeup o f  the r e t a r d e r  beam i s  shown in Figure 2 while the system used 
to monitor the noise  and v ib ra t ion  is  shown in Figure 3.

The recordings were taken on May 13, 1976 while a group of  ten 
cars were humped 5 consecut ive t imes.  These cars were a l l  r e l a t i v e l y  heavy 
and a l l  of  them squealed excess ive ly .

Recordings were taken for  v ib ra t ion  in the longi tud ina l  d i r ec t io n  
( i . e .  p a ra l l e l  to  the t rack)  and in the v e r t i c a l  d i r e c t i o n .  Recordings 
were also taken in the hor izontal  but perpendicu la r  to the t r a c k .  As well 
the natural  v ib ra t ions  which occurred when the t r ack  was impacted in the 
longi tudinal  d i r e c t i o n  were also recorded.

The recordings were l a t e r  analyzed on a Hewlett  Packard 3721A 
Corre la to r  and displayed on a 3720A Spectrum d isp lay  and f i n a l l y  p lo t ted  
on a Hewlett Packard 7044A X-Y P l o t t e r .

Examples of  the spectrum ana lys is  are  shown in Figure 4 where 
the r e s u l t s  fo r  3 d i f f e r e n t  cars during the f i r s t  hump are shown. These 
r e s u l t s  as well as s im i l a r  ones fo r  o the r  cars and o ther  hump numbers show 
a very s t rong c o r r e l a t i o n  between the v ib ra t ions  o f  the r e t a r d e r  (measured 
in the longi tud inal  and v e r t i c a l  d i r ec t io n s )  and the noise  produced. They 
also ind ica te  t h a t  in most cases a la rge  amount of  the energy l i e s  in the 
2600-2800 Hz frequency range and not in a wide band of  f requenc ies .  Coupled 
with the f a c t  t h a t  one of  the natural  modes of  v ib r a t io n  ( in  the long i tud inal  
d i r ec t ion )  i s  in the 3000 Hz range leads one to  be l ieve  t h a t  the most c r i t i c a l  
frequency range is  t i e  2600-2800 Hz band. While the  magnitudes of  the v ib r a ­
t ion  both above and below th i s  range were sometimes su b s tan t i a l  the 2600- 
2800 Hz band was most of ten  the major c o n t r ibu to r  to the overal l  acous t ic  
energy .
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5. Poss ible So lutions

While the in v es t ig a t io n  to date has not  uncovered a l l  apsects  of  
the noise generat ion mechanism the r e s u l t s  obtained poin t  to some poss ib le  
techniques fo r  c o n t ro l l in g  the noise .

There are many reasons to be l ieve  tha t  the wheel and not  the r e ­
t a r d e r  beam is  the primary resonant  system and the re fo re  responsib le  fo r  
the major i ty  o f  the noise crea ted .  For t h i s  reason noise control  measures 
which reduce wheel v ib ra t ion  would appear to be most success fu l .  However, 
the t r e a t i n g  o f  a l l  r a i l r o a d  car  wheels appears to be economically u n a t t r a c ­
t i v e  and one is  the re fo re  led to cons ider  the r e t a r d e r .  The f a c t  t h a t  
there  i s  a s t rong c o r re la t io n  between the v ib ra t ion  of  the r e t a rd e r  arid the 
noise  generated leads to the conclusion t h a t  there  i s  a s trong coupling 
between the  wheel and the r e t a r d e r .  I t  follows t h a t  reducing the r e t a rd e r  
v ib ra t ion  w i l l  in turn  reduce the noise  generated.

Previous attempts (mentioned above) a t  damping the r e t a rd e r  beam 
by such means as sand bags were unsuccess fu l .  However, the p o s s i b i l i t y  of  
absorbing the  r e t a r d e r  v ib ra t ion  by means of  a dynamic v ib ra t ion  absorber [3] 
could be more e f f e c t i v e .  This is  e sp e c ia l ly  t rue  since the frequency which 
tends to be the most bothersome is  in a f a i r l y  narrow band of  frequencies 
(2600-2800 Hz). In t h i s  range a v ib ra t ion  absorber should be able to be 
q u i t e  e f f e c t i v e  in near ly e l iminat ing  the r e t a rd e r  v ib ra t io n .  Should the 
absorber v ib ra t ion  i t s e l f  cause a squeal i t  could be r ead i ly  housed and the 
noise e a s i l y  absorbed. I t  is  planned to design and t e s t  such a dynamic 
v ib ra t io n  absorber system in the fu tu re .
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