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PREFACE

The Rail Programs Branch of the Urban Mass Transportation 
Administration (UMTA) Office of Research, Development and Demon­
strations is conducting programs directed toward the improve­
ment of urban rail transportation systems. These research, deve­
lopment and demonstration programs will result in improved proto­
type vehicle and component designs, improved ways and structures, 
and improved structural components.

The Transportation Systems Center (TSC) has been designated 
by UMTA as System Manager for the necessary technical support in 
these developmental areas. The UMTA sponsored "Urban Rail Sup­
porting Technology Program" at TSC has emphasized three major, but 
closely related areas of development to date. These are facilities 
development, technology development and test program development.
A nine mile urban rapid rail test track has been completed at DOT'S 
High Speed Ground Test Center (HSGTC) in Pueblo, Colorado. The 
technology effort is being concentrated on Noise, Tunneling and 
Safety. The test program has emphasized vehicle testing and track 
geometry measurement. Tests were conducted on the New York City 
Transit Authority "Sea Beach" line in May, 1971 using R42 cars.
Two R42 cars were borrowed from New York for testing at Pueblo.
Four different test series have been conducted on the R42 vehicles 
at HSGTC. .

The track geometry measurement effort at TSC has been based 
on proven techniques with gage and midchord profile measurements 
made at HSGTC in November, 1971. These measurements compared 
favorably with similar data collected by the Federal Railroad Ad­
ministration Rail Research Cars. The midchord and gage system 
utilized capacitance probes and analog data collection.

The midchord scheme, while satisfying the objectives of 
these tests by providing reliable, repeatable data, independent 
of vehicle speed, does have limitations. The data cannot be 
readily converted to actual profile, or to midchord data for a 
different length beam. This limits comparison of data and



prevents classification of track according to IRT standards which
tare based on a 62 foot chord. This has prompted the development 

of an alternate scheme using accelerometers for direct measurement 
of profile. This system has been tested by TSC and specifications 
were written to procure two prototype measurement systems using 
this approach. These systems will be delivered in early 1974 and 
integrated with the TSC digital data acquisition system being 
built under a separate contract with Sperry Univac, Inc. The test 
data collected at HSGTC has been utilized in the development of 
software for processing track geometry data.

The track geometry measurement system can be utilized to 
supplement the maintenance programs of the operating properties.
For routine mainteneance, out-of-tolerance track can be precisely 
located.

For track rehabilitation programs, the sections of track re­
quiring priority treatment can be established quantitatively.
From a safety standpoint, track can be classified according to IRT '
Safety Guidelines? While this system cannot replace the track 
walker, it will provide concise information to urban rail system *
managers regarding the track geometry parameters of the entire 
system. This uniformly collected data, along with other informa­
tion available to the managers, should enhance the decision making 
process. Since the data can be collected at revenue speeds, fre­
quent measurements can be made in order to detect changes in 
track condition.

The Massachusetts Bay Transportation Authority (MBTA) Green 
Line refurbishment program provided a timely opportunity for dem­
onstrating the track geometry capability developed at TSC. The 
purpose of this report is to present the results from the first of 
a series of tests conducted on the MBTA Green Line. This data can 
be utilized to establish priorities for the money available to 
improve the track. Subsequent tests will provide data to evaluate 
the benefits obtained from the rehabilitation effort.

* Institute for Rapid Transit, Moving People Safely, May 1972.
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I n  a d d i t i o n  t o  t h e  b e n e f i t s  t h a t  w i l l  b e  d e r i v e d  b y  t h e  

M B T A ,  t h e  d a t a  c o l l e c t e d  w i l l  be  v a l u a b l e  t o  t h e  T S C  e f f o r t  t o  

d e v e l o p  t h e  a d v a n c e d  t r a c k  g e o m e t r y  s y s t e m .  J o u r n a l  b o x  a c c e l e r a ­

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

w a r e  b e i n g  p r e p a r e d  f o r  t h e  t r a c k  g e o m e t r y  s y s t e m  p r e s e n t l y  b e i n g  

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

A l t h o u g h  t h e  l o n g  r a n g e  t r a c k  g e o m e t r y  e f f o r t  i s  d i r e c t e d  

t o w a r d  t h e  d i r e c t  m e a s u r e m e n t  a p p r o a c h ,  t h e  m i d c h o r d  d a t a  w h i c h  

i s  p r e s e n t e d  i n  t h i s  r e p o r t  w i l l  p r o v i d e  t h e  i n f o r m a t i o n  r e q u i r e d  

t o  g o  a h e a d  w i t h  t h e  r e f u r b i s h m e n t  p r o g r a m .

T h e  v e h i c l e  t e s t i n g  c a p a b i l i t y  w h i c h  h a s  b e e n  d e v e l o p e d  b y  

T SC  h a s  a l s o  c o n t r i b u t e d  t o  t h e s e  t e s t s .  T h e  G e n e r a l  V e h i c l e  T e s t  

P l a n * *  d e f i n e s  p r o c e d u r e s  f o r  t e s t i n g  u r b a n  r a i l  v e h i c l e s .  T h e  

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

w e r e  u s e d  i n  t h e s e  t e s t s  t o  e v a l u a t e  v e h i c l e / t r a c k  c h a r a c t e r i s t i c s

T h e  G r e e n  L i n e  t e s t s  w e re  c o o r d i n a t e d  w i t h  t h e  B o s t o n  M BTA  

b y  F r e d r i c k  J .  R u t y n a  i n  c o n j u n c t i o n  w i t h  h i s  r e s p o n s i b i l i t y  f o r  

, t h e  A p p l i c a t i o n s  E n g i n e e r i n g  T a s k  o f  t h e  R a i l  T e c h n o l o g y  P r o g r a m .

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

t e s t s  w e r e  p e r f o r m e d  b y  T SC  p e r s o n n e l  a s  p a r t  o f  t h e  R a i l  P r o g r a m  

T e s t  i n s t r u m e n t a t i o n  i n s t a l l a t i o n  a n d  t e s t  c o n d u c t  w e r e  c a r r i e d  

o u t  b y  R o b e r t  W i l m a r t h ,  J o h n  N i c k l e s ,  L o w e l l  B a b b ,  W i l l i a m  W ade ,  

G u n a r s  S p o n s ,  R o b e r t  S t o n e  a n d  P h i l i p  S i l v i a .  D a t a  P r o c e s s i n g  

s u p p o r t  w a s  p r o v i d e d  b y  R i c h a r d  R o b i c h a u d ,  P a u l  P o i r i e r ,  D a v i d  

B r o w n e l l ,  P e t e r  M e n g e r t ,  J o h n  C a d i g a n  a n d  E d w a r d  R i c k l e y .

T h e  c o o p e r a t i o n  o f  B o s t o n  M BTA  p e r s o n n e l ,  H a r r y  D .  T i e t j e n ,  

J a m e s  B u r n s ,  a n d  C h a r l e s  E n g l a n d ,  i s  g r a t e f u l l y  a c k n o w l e d g e d .

** Lotz, Robert and Robert Kasameyer, General Vehicle Test Plansfor Urban Rapid Transit Cars, DOT/Transportation Systems CenterApril, 1 9 7 2 . -----------
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1 .  INTRODUCTION

The M a s s a c h u s e t t s  Bay T r a n s p o r t a t i o n  A u t h o r i t y  (MBTA) has 
u n d e r ta k e n  an UMTA funded r e f u r b i s h m e n t  and e x p a n s i o n  program which 
i s  b e in g  implemented over  a t e n  y e a r  p e r i o d .  In c lu d e d  in  t h i s  o v e r ­
a l l  program i s  a t h r e e  y e a r  e f f o r t  t o  improve th e  "G reen  L i n e "  
l i g h t  r a i l  sys tem  by r e p l a c i n g  t r a c k  s t r u c t u r e ,  power system  e q u i p ­
ment and v e h i c l e s .

Su b se q u e n t  t o  Pueblo  t e s t i n g ,  th e  T r a n s p o r t a t i o n  Systems 
C e n te r  (TSC) con d u cte d  t e s t s  o f  a p r o t o t y p e  measurement system  on 
th e  R i v e r s i d e  B ranch  o f  th e  MBTA Green L i n e .  The t e s t s  were d e ­
s ig n e d  to  meet th e  f o l l o w i n g  o v e r a l l  o b j e c t i v e s :

1) I d e n t i f y  c r i t i c a l  t r a c k  s e c t i o n s  f o r  improvement

2) Q u a n t i f y  th e  b e n e f i t s  a f f o r d e d  by th e  r e h a b i l i t a t i o n  
program [ A d d i t i o n a l  t e s t  d a ta  w i l l  be r e q u i r e d  a f t e r  
r e f u r b i s h m e n t  t o  a c c o m p l is h  t h i s  o b j e c t i v e ]

3) P r o v id e  d a t a  f o r  development o f  an advanced t r a c k  
geometry  measurement system.

T h is  r e p o r t  c o v e r s  t e s t s  which were con d u cte d  on a P r e s i d e n t ' s  
C o n f e r e n c e  Committee (PCC) l i g h t  r a i l  c a r  in  December ,  1 9 7 2 .  These  
i n i t i a l  t e s t s  have p r o v i d e d  d a ta  t o  d e f i n e  t r a c k - d e p e n d e n t  c h a r a c ­

t e r i s t i c s  on t h e  l i n e  p r i o r  t o  r e f u r b i s h m e n t  o f  th e  t r a c k .  Data 
have a l s o  been o b t a i n e d  f o r  th e  v e h i c l e / t r a c k  c h a r a c t e r i s t i c s  f o r  

t h e  e x i s t i n g  r o l l i n g  s t o c k  (PCC) and the  unimproved t r a c k  com bin a­
t i o n .  To a c h i e v e  t h i s ,  th e  f o l l o w i n g  ty p e s  o f  measurements were made

1) T r a c k  Geometry - These  t e s t s  p r o v i d e  t r a c k  dependent d a t a ,  
in d e p e n d e n t  o f  th e  v e h i c l e  u se d .  These  d a t a  can be used 
t o  p o i n t  out c r i t i c a l  a r e a s  f o r  t r a c k  r e f u r b i s h m e n t .  In  
a d d i t i o n ,  d a t a  w i l l  be compared w i t h  s i m i l a r  d a t a  ta k e n  
a f t e r  r e f u r b i s h m e n t .

2) Ride Roughness and Noise  L e v e l s  - These  t e s t s  p r o v i d e  
d a t a  dependent on th e  v e h i c l e - t r a c k  c o m b i n a t i o n .

1-1



The tests will be repeated several times during the rehabili­
tation to evaluate progress. After rehabilitation, the tests will 
again be performed with the same cars. Since ride roughness and 
noise level are a function of vehicle as well as track character­
istics, these tests will also be made on the new vehicles which are 
being procured as part of the Green Line improvement program. Data 
will be collected for a matrix of the combination of old and new 
vehicles and unimproved and improved track. The new cars will not 
be available in time to be tested on all sections of the old track. 
However, the data collected should be sufficient to accomplish the 
objectives of evaluating the benefits from track improvement 
dollars versus vehicle dollars.

The track refurbishment and the construction of new power 
substations and repair shops will cost about 33 million dollars.
T. K. Dyer, Inc. is under contract to the MBTA to conduct the track 
upgrading program on the four branches of the Green Line. All four 
branches are shown in the partial map of the MBTA rail system in 
Figure 1-1. The major effort will be on the Riverside line which 
winds through Brookline and Newton. A view of the Riverside Branch 
is shown in Figure 1-2. Rehabilitation will include replacement of 
much of the track and ties. The signal arid power system is being 
designed by Gibbs and Hill. A new maintenance facility at the 
Riverside Terminal is being designed by Gannett, Fleming, Corddry, 
and Carpenter, Inc.

A joint effort, under UMTA sponsorship, between the Boston 
MBTA and the San Francisco Municipal Railway (MUNI) has produced 
specifications for new U. S. Standard Light Rail Cars. To satisfy 
UMTA's objectives, these specifications were written to meet the 
basic needs of any city which might want to replace existing fleets 
or buy new ones. A contract to build new light rail cars to these 
specifications was awarded in April, 1973 and the first cars will 
be delivered 20 months later. On the initial order, Boston will 
get 150 new cars and San Francisco will get 80. Four of the first 
ten cars built will be shipped to the High Speed Ground Test Center 
for shakedown and acceptance testing.
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Figure 1-1 Map of MBTA Green Line



Figure 1-2 Typical Green Line Right of Way
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The new MBTA c a r s  w i l l  be f a s t e r  and have more a c c e l e r a t i o n  
c a p a b i l i t y  th an  t h o s e  now in  u s e .  They w i l l  have a i r  c o n d i t i o n i n g  
and t i n t e d  s h a t t e r p r o o f  windows and w i l l  a l s o  be q u i e t e r .  Each 
c a r  w i l l  be 70 f e e t  long and a r t i c u l a t e d  in  th e  m iddle  to  f a c i l i ­
t a t e  th e  sharp  t u r n s  in  th e  B o y l s t o n  and Tremont T u n n e l s .  G r e a t e r  
a c c e s s  w i l l  be p rov id e d  w i th  f o u r  doors  on each  s i d e .  The 
p a s s e n g e r  c a r r y i n g  c a p a c i t y  w i l l  be c o n s i d e r a b l y  g r e a t e r  th an  th e  
PCC c a r s  c u r r e n t l y  in  o p e r a t i o n .

The PCC c a r  used f o r  t h e s e  t e s t s  (No. 3294)  r e p r e s e n t s  th e  
most  modern in  use  on th e  Green L in e  to d a y .  I t  was p a r t  o f  a 50 
c a r  o r d e r  p l a c e d  i n  1 9 5 0 .  They were b u i l t  by P u l lm a n - S t a n d a r d  and
d e l i v e r e d  b e g i n n i n g  in  A p r i l ,  1951 - t h e y  a r e  a p p r o x i m a t e l y  46 f e e t
l o n g .  The f i r s t  PCC c a r  f o r  B os to n  was b u i l t  by th e  S t .  Lou is  Car 
Company and was d e l i v e r e d  in  1 9 3 7 .  I t  was s c r a p p e d  in  1 9 5 3 .  The 
3 4 4 - c a r  f l e e t  o f  PCC c a r s  in  s e r v i c e  to day  d a t e s  b ack  t o  1 9 4 1 .

The r e s u l t s  o f  th e  t e s t s  a re  p r e s e n t e d  in  f i v e  volumes as 

f o l l o w s :
Volume I - T e s t  D e s c r i p t i o n  
Volume I I  - T ra ck  Geometry Data  P l o t s  
Volume I I I  - EaStbound T rack  P r o f i l e  Computer P r i n t o u t
Volume IV - Westbound T ra ck  P r o f i l e  Computer P r i n t o u t
Volume V - Gage Computer P r i n t o u t

T h i s  volume, Volume I ,  d e s c r i b e s  the  o b j e c t i v e s ,  p r o c e d u r e s ,  
ha rd w a re ,  and s o f t w a r e  o f  th e  t e s t s ,  and g i v e s  samples  o f  th e  d a t a .  
Volume I I  g i v e s  th e  ana log  p l o t s  o f  p r o f i l e  and gage f o r  th e  46 
s e c t i o n s  which make up the  com p le te  round t r i p  from R i v e r s i d e  to  
Lechmere and r e t u r n .  Volume I I I  g i v e s  th e  redu ced  p r o f i l e  d a t a  f o r  th e  
the  23 e as tb o u n d  s e c t i o n s .  Volume IV g i v e s  th e  companion p r o f i l e  
d a t a  f o r  th e  westbound s e c t i o n s .  Volume V g i v e s  th e  redu ced  gage 

d a t a  f o r  th e  c om ple te  round t r i p .
Each o f  the  f o u r  d a ta  volumes c o n t a i n s  a b r i e f  i n t r o d u c t i o n  and 

th e  a p p l i c a b l e  t e s t  p r o c e d u r e ,  p l u s  the  d a t a .  T h u s ,  e ac h  volume can 
be used in d e p e n d e n t l y  w i th o u t  f r e q u e n t  r e f e r e n c e  t o  o t h e r  volu m es .
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2. DISCUSSION

Data was r e c o r d e d  dur in g th e  week o f  December 1 0 ,  1972 on t e s t  
runs on th e  R i v e r s i d e  Branch o f  the  Green L in e  u s i n g  th e  in s t r u m e n t e d  
PCC c a r  (NO. 3 2 9 4 ) .  During s i x  days o f  t e s t i n g ,  f i v e  round t r i p  runs 
between R i v e r s i d e  and Lechmere and f o u r  round t r i p  runs between R i v e r ­
s i d e  and Kenmore were made. The i n s t r u m e n t a t i o n  used  in  t h i s  t e s t  
i s  p a r t  o f  t h e  ongoing program a t  the  T r a n s p o r t a t i o n  Systems C e n te r  
(TSC) t o  deve lo p  p r o t o t y p e  t r a c k  d i a g n o s t i c  i n s t r u m e n t a t i o n  and 
v e h i c l e  t e s t  i n s t r u m e n t a t i o n .  The i n s t r u m e n t a t i o n  d e v e lop e d  in  t h i s  
program p r o v i d e s  s u f f i c i e n t  d a ta  i n  a s i n g l e  run o v e r  a s e c t i o n  o f  
t r a c k .  A d u p l i c a t e  run i s  d e s i r a b l e  to  p r o v i d e  a c h e c k  on th e  d a t a .

•In t h i s  i n i t i a l  s e t  o f  t e s t s ,  a d d i t i o n a l  runs were  made to  c a l i b r a t e  
t h e  in s t r u m e n t s  and e v a l u a t e  th e  e f f e c t  o f  d a y - t o - d a y  v a r i a t i o n s  in  
t h e  t r a c k  and t o  e v a l u a t e  th e  e f f e c t  o f  speed on t h e  t r a c k  measurement 
s y s t e m .  The v a r i a t i o n s  were m in im al ,  and in  g e n e r a l ,  th e  d a ta  i s  
p r e s e n t e d  f o r  on ly  one run which i s  r e p r e s e n t a t i v e  o f  t h e  r e s t .

For  d a ta  p r o c e s s i n g ,  p r e s e n t a t i o n  and d i s c u s s i o n ,  th e  d a ta  
has b een  b roken  i n t o  46 segments c o r r e s p o n d i n g  t o  th e  23 two-way 
s e c t i o n s  o f  t r a c k  j o i n i n g  each  s t a t i o n  w i th  th e  n e x t .  D i s t a n c e s  
a r e  r e f e r e n c e d  from each  s t a t i o n  a lo ng  th e  t r a c k  i n  th e  d i r e c t i o n  

o f  normal v e h i c l e  t r a v e l .  T a b le  2 -1  shows th e  7 1 , 0 0 0  f o o t  l i n e  
w i t h  th e  d i s t a n c e s  between each  s t a t i o n .  A l l  a r e  l e s s  th an  a m i le  
in  l e n g t h  w i th  th e  e x c e p t i o n  o f  Newton C e n te r  t o  C h e s t n u t  H i l l  
which i s  7 , 7 0 0  f e e t .  The s h o r t e s t  segment i s  1 , 2 0 0  f e e t  between 
B o y l s t o n  S t r e e t  and Park  S t r e e t .

In  p r e p a r i n g  f o r  th e  t e s t s ,  a r e c o n d i t i o n e d  t r u c k  was d e l i v ­
e re d  by th e  MBTA t o  TSC where i t  was c a r e f u l l y  f i t t e d  w i th  a l l  o f  
th e  r e q u i r e d  e x t e r n a l  s e n s o r s  and a com ple te  sys tem  c h e c k o u t  was 
p e r f o r m e d .  The i n s t r u m e n t e d  t r u c k ,  shown in  F i g u r e  2 - 1 ,  was r e ­
tu r n e d  t o  th e  MBTA where i t  was i n s t a l l e d  on th e  d e s i g n a t e d  PCC 
c a r  f o r  t e s t i n g  ( s e e  F i g u r e  2 -2  f o r  e x t e r i o r  and F i g u r e s  2 - 3  and
2 - 4  f o r  i n t e r i o r  v iews o f  th e  t e s t  v e h i c l e ) .  P r i o r  t o  t h i s ,  how­
e v e r ,  a n o t h e r  s t r e e t  c a r  was f i t t e d  w ith  a l i g h t  w e ig h t  breakaway
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F i g u r e  2 - 1  I n s t r u m e n t e d  T r u c k

ir



F i g u r e  2- 2 Test Car
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Figure 2-4 Interior View with Recorder



TABLE 2-1 STATION DISTANCES (FEET)

S t a t i o n
D i s t a n c e  From Cumulative
L a s t  S t a t i o n  D i s t a n c e

R i v e r s i d e 0 0
Woodland 2700 2700
Waban 4400 7100
E l i o t 4600 1 1 , 7 0 0
Newton Highlands 4000 1 5 , 7 0 0
Newton C e n te r 4300 2 0 , 0 0 0
C h e s tn u t  H i l l 7700 2 7 , 7 0 0
R e s e r v o i r 5500 3 3 , 2 0 0
B e a c o n s f i e l d 2300 3 5 , 5 0 0
B r o o k l i n e  H i l l s 4100 3 9 , 6 0 0
B r o o k l i n e  V i l l a g e 2800 4 2 , 4 0 0
Longwood 3900 4 6 , 3 0 0
Fenway Park 2100 4 8 , 4 0 0
Kenmore 2900 5 1 , 3 0 0
Auditor iu m 2200 5 3 , 5 0 0
Copley 2600 5 6 , 1 0 0
A r l i n g t o n 2000 5 8 , 1 0 0
B o y l s t o n 2100 6 0 , 2 0 0
Park  S t r e e t 1200 6 1 , 4 0 0
Government C e n te r 1500 6 2 , 9 0 0
Haymarket 1100 6 4 , 0 0 0
North S t a t i o n 1800 6 5 , 8 0 0
S c i e n c e  Park 2100 6 7 , 9 0 0

Lechmere 3100 7 1 , 0 0 0
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type wooden mock-up of the instrumentation frame and sensors and 
run on the selected track. This was done in order to ascertain 
the clearances required to insure there would be no interference 
with the safe operation of the car. As a final safety check, the 
first test run on the designated car was conducted at very low 
speeds between the non-revenue hours of 12 midnight and 6 a.m. 
Sunday morning during which numerous stops and careful visual 
checks were made. All subsequent testing was done during daylight 
hours. , .

To accomplish the objectives of these tests, the following 
data were collected:

• Midchord track profile - using the mid-ordinate-to-chord 
technique

• Track gage - measured by proximity probes
• Track roughness - as sensed by accelerometers mounted 

on the truck journal box
• Ride roughness - as sensed by linear and angular servo- 

accelerometers mounted on the car floor
• Noise level inside the car - measured by sound-level 

meters
These categories of measurements are defined by a procedure 

number which facilitates correlation of data with measurements 
made on other lines. A sequence number is used for discussion in 
this report.- Table 2-2 correlates these numbers. Each test is 
documented in a self-contained subsection of this report in the 
Appendix. Although the tests are reported separately, all the 
data was recorded simultaneously so that any particular event 
could be correlated with other measurements.

The first three tests, sequence numbers 601, 602, and 603, 
relate to the objective of measuring the track-dependent charac­
teristics. The gage measurement, 602, can be used directly to 
classify the track according to the standard definition spelled
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TABLE 2-2 TEST SUMMARY
T E S T  S E R I E S  V I ,  MBTA  G R E E N  L I N E ,  D E C E M B E R ,  1 9 7 2

S E Q U E N C E  N O . PROCEDU RE  N O . T E S T  T I T L E

1 7 - 7 2 - 6 0 1

1 2 - 7 2 - 6 0 2

1 2 - 7 2 - 6 0 3

1 2 - 7 2 - 6 0 4

1 2 - 7 2 - 6 0 5

P C C - T G C - 6 0 0 7 - M B T A  

P C C - T G C - 6 0 0 8 - M B T A  

P C C - T G A - 6 0 0 6 -M B T A  

P C C -  R - 5 0 0 2 - M B T A  

P C C -  P N - 5 0 0 2 - M B T A

T r a c k  G e o m e t r y  - M i d c h o r d  P r o f i l e  

T r a c k  G e o m e t r y  - G a g e  

J o u r n a l  B o x  A c c e l e r a t i o n  

R i d e  R o u g h n e s s  

P a s s e n g e r  N o i s e

N U M B E R IN G  S Y S T E M  E X P L A N A T I O N

1 2 - 7 2 - 6 0 1

D a t e 6t h  T e s t  S e r i e s

PCC - T G C - 6 0 0 8  - MBTA

C a r  d e s i g n a t i o n P r o c e d u r e T e s t  L o c a t i o n

TGC - T r a c k  G e o m e t r y - c a p a c i t a n c e

TGA - T r a c k  G e o m e t r y - a c c e l e r o m e t e r

R - R i d e  R o u g h n e s s

PN - P a s s e n g e r  N o i s e
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o u t  i n  t h e  I R T  p u b l i c a t i o n ,  " M o v i n g  P e o p l e  S a f e l y " . *  ( G a g e  i s  

d e f i n e d  a s  t h e  d i s t a n c e  b e t w e e n  t h e  r a i l s  m e a s u r e d  5 /8  i n c h  b e l o w  

t h e  t o p  o f  t h e  r a i l  - s e e  F i g u r e  2 - 5 ) .  T h e s e  t r a c k  c l a s s i f i c a t i o n s  

a r e  u s e d  t o  e s t a b l i s h  a l l o w a b l e  s p e e d s :

I n  o r d e r  t o  q u a l i f y  a s  C l a s s  4 t r a c k ,  t h e  g a g e  m u s t  l i e  

b e t w e e n  56 a n d  57 i n c h e s .  C l a s s  3 t r a c k  a l l o w s  t h e  g a g e  t o  w i d e n  

t o  5 7 . 2 5  i n c h e s  a n d  C l a s s  1 o r  2 t r a c k  m u s t  h a v e  t h e  g a g e  b e t w e e n  

56 a n d  5 7 . 7 5  i n c h e s .

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

f o r  t h e  H i g h l a n d  B r a n c h  ( S e e  A p p e n d i x  C ) . W i t h  t h e  a i d  o f  a 

c o m p u t a t i o n a l  a l g o r i t h m ,  e a c h  s e c t i o n  o f  t r a c k  i s  c a t e g o r i z e d .  A  

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

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

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

r e p o r t .  ( A l i g n m e n t  c a n  be  d e f i n e d  a s  t h e  h o r i z o n t a l  d e v i a t i o n  

o f  e a c h  r a i l  f r o m  a g i v e n  r e f e r e n c e  l i n e . )  T h e  g a g e  m e a s u r e m e n t  

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

w i l l  u l t i m a t e l y  b e  u s e d  f o r  o b t a i n i n g  a l i g n m e n t  d a t a .  T h e  d a t a  

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

T h e  m i d c h o r d  p r o f i l e  m e a s u r e m e n t ,  6 0 1 ,  w a s  m ade  u s i n g  a 10  

f o o t  (9  f o o t  10 i n c h )  beam.  ( P r o f i l e  c a n  b e  d e f i n e d  a s  t h e  v e r t i ­

c a l  d e v i a t i o n  o f  e a c h  r a i l  f r o m  a g i v e n  r e f e r e n c e  l i n e . )  M i d c h o r d  

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

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

F i g u r e  2 - 6 .  R e p e a t a b l e  m i d c h o r d  d a t a  w a s  c o l l e c t e d  a n d  i s  p r e ­

s e n t e d  i n  t h i s  r e p o r t .  T h e  I R T  t r a c k  c l a s s i f i c a t i o n  c o d e  u s e s  a

I n s t i t u t e  f o r  R a p i d  T r a n s i t ,  ojd. c i t .

C l a s s  1 

C l a s s  2 

C l a s s  3 

C l a s s  4

0 - 1 5  mph 

16 - 35  mph 

36 - 55  mph 

56 - 80  mph
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Figure 2-5 Measurement of Gage

BEAM

Figure 2-6 Measurement of Midchord Offset

2-10



62 f o o t  c h o r d  r e f e r e n c e .  T h i s  r e - e m p h a s i z e s  t h e  r e q u i r e m e n t  f o r  

a d i r e c t  m e a s u r e m e n t  s c h e m e .  T h e  j o u r n a l - b o x  a c c e l e r a t i o n  m e a s u r e ­

m e n t ,  6 0 3 ,  w a s  i n c l u d e d  t o  p r o v i d e  a d i r e c t  m e a s u r e m e n t .  A d d i ­

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

d a t a  f r o m  t h e  j o u r n a l  b o x  a c c e l e r o m e t e r s  w i l l  c o n t i n u e  a s  p a r t  o f  

t h e  s o f t w a r e  d e v e l o p m e n t  e f f o r t .

T h e  t e n  f o o t  beam d a t a  w i l l  s e r v e  t o  p r o v i d e  a  c o m p a r i s o n  

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

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

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

s h o w n  i n  A p p e n d i x  B.
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3. CONCLUSIONS

Th e  f i r s t  m a j o r  t e s t  o b j e c t i v e  o f  i d e n t i f y i n g  c r i t i c a l  s e c ­

t i o n s  o f  t r a c k  f o r  i m p r o v e m e n t  w as  a c c o m p l i s h e d  t h r o u g h  d i g i t a l  

p r o c e s s i n g  o f  t h e  t r a c k  g e o m e t r y  d a t a  t o  l o c a t e  d i f f e r e n t  l e v e l s  o f  

d e v i a t i o n  f r o m  t h e  n o m i n a l .  M i d c h o r d  p r o f i l e  a n d  t r a c k  g a g e  w e r e  

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

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

a c c o r d i n g  t o  I R T  s t a n d a r d s .  I n  e a c h  o f  23 o f  t h e  46 t r a c k  s e c t i o n s ,  

a t  l e a s t  o n e  g a g e  r e a d i n g  w a s  o u t s i d e  t h e  a l l o w a b l e  l i m i t s  o f  56 

t o  57 3 / 4  i n c h e s ,  t h u s  i n d i c a t i n g  a  n e e d  f o r  v i s u a l  i n s p e c t i o n  a t  

t h e  r e c o r d e d  d e f e c t  p o i n t s .  T h e  r e m a i n d e r  o f  t h e  t r a c k  w a s  C l a s s  

I I  o r  b e t t e r  r e l a t i v e  t o  g a g e  r e q u i r e m e n t s .  T h e s e  d a t a  a r e  p r e s e n t e d  

i n  A p p e n d i c e s  B a n d  C.

Th e  s e c o n d  o b j e c t i v e  o f  t h e  D e c e m b e r  t e s t s ,  w h i c h  w a s  t o  

o b t a i n  r e f e r e n c e  d a t a  r e l a t i v e  t o  t h e  t r a c k  a n d  v e h i c l e  c h a r a c t e r ­

i s t i c s  p r i o r  t o  i n i t i a t i o n  o f  t h e  r e f u r b i s h m e n t  p r o g r a m ,  h a s  b e e n  

s a t i s f i e d .  T h e  t r a c k  g e o m e t r y  d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  d e ­

f i n e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  e x i s t i n g  t r a c k .  R i d e  r o u g h n e s s  

( v i b r a t i o n )  a n d  n o i s e  d a t a  p r e s e n t e d  i n  A p p e n d i c e s  E a n d  F  p r o v i d e  

a d e f i n i t i o n  o f  t h e  v e h i c l e / t r a c k  c h a r a c t e r i s t i c s  p r i o r  t o  r e f u r ­

b i s h m e n t  .

J o u r n a l  b o x  a c c e l e r a t i o n  d a t a ,  b o t h  v e r t i c a l  a n d  l a t e r a l ,  a r e  

p r e s e n t e d  i n  A p p e n d i x  D.  T h i s  m e e t s  t h e  t h i r d  s t a t e d  t e s t  o b j e c ­

t i v e  w h i c h  w a s  t o  p r o v i d e  d a t a  f o r  d e v e l o p m e n t  o f  t h e  a d v a n c e d  t r a c k  

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

t o  t r a c k  m e a s u r e m e n t  w h i c h  p r o v i d e d  a n  e x p e d i e n t  m e a n s  f o r  m e e t i n g  

t h e  f i r s t  two  o b j e c t i v e s  o f  t h e s e  t e s t s .  H o w e v e r ,  t h e  f l e x i b i l i t y  

a f f o r d e d  b y  a d i r e c t  m e a s u r e m e n t  s c h e m e  h a s  p r o m p t e d  T S C  t o  d e v e l o p  

a  s y s t e m  w h i c h  u t i l i z e s  t h e  i n t e g r a t e d  o u t p u t  o f  j o u r n a l  b o x  

a c c e l e r o m e t e r s .  C o n t r a c t s  h a v e  b e e n  a w a r d e d  f o r  a  d a t a  a c q u i s i t i o n  

s y s t e m  a n d  a n  i n s t r u m e n t  p a c k a g e .  S y s t e m  i n t e g r a t i o n  a n d  s o f t w a r e  

d e v e l o p m e n t  i s  b e i n g  p e r f o r m e d  b y  T S C .  T h e  d a t a  c o l l e c t e d  h e r e  w i l l  

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

m i d c h o r d  d a t a  o f  a n y  d e s i r e d  l e n g t h  i n c l u d i n g  t h e  62  f o o t  l e n g t h  

s p e c i f i e d  b y  t h e  I R T  S a f e t y  G u i d e l i n e s .

Th e  t e c h n o l o g y  u t i l i z e d  f o r  t h e s e  t e s t s  w a s  d e v e l o p e d  t h r o u g h  

a t e s t  p r o g r a m  a t  HSGTC  i n  P u e b l o ,  C o l o r a d o .  T h e s e  G r e e n  L i n e  

t e s t s  r e p r e s e n t  t h e  f i r s t  t r a c k  g e o m e t r y  m e a s u r e m e n t s  made  b y  t h e  

U r b a n  R a i l  S u p p o r t i n g  T e c h n o l o g y  P r o g r a m  o n  an  o p e r a t i n g  p r o p e r t y .  

C e r t a i n  p h e n o m e n a  o b s e r v e d  i n  m e a s u r e m e n t s  made  on  t h e  w o r n  t r a c k  

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

l o a d i n g  a n d  t r a c k / t r a i n  d y n a m i c s  o n  t h e  g a g e  m e a s u r e m e n t  w i l l  b e  

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

t o  m o d i f y  t h e  b a s i c  c o n c l u s i o n s  o f  t h i s  r e p o r t ,  b u t  r a t h e r  t o  p r o ­

v i d e  a b e t t e r  i n s i g h t  t o  a i d  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  d a t a .

S e v e r a l  r u n s  w e r e  m ade  i n  t h i s  t e s t  s e r i e s  t o  c h e c k  o u t  t h e  

e q u i p m e n t  a n d  t o  c o l l e c t  r e d u n d a n t  d a t a .  S a t i s f a c t o r y  r e p e a t a ­

b i l i t y  o f  t h e  d a t a  o n  d i f f e r e n t  r u n s  w a s  e x h i b i t e d .  C o n s e q u e n t l y ,  

f u t u r e  t r a c k  g e o m e t r y  t e s t s  w i t h  t h i s  e q u i p m e n t  c a n  be  a c c o m p l i s h e d  

w i t h  one  c h e c k o u t  r u n  a n d  tw o  d a t a  c o l l e c t i o n  r u n s .  U l t i m a t e l y ,  

a f t e r  m o re  a c c u m u l a t e d  e x p e r i e n c e ,  o n e  r u n  w i l l  s u f f i c e .

D a t a  p r o c e s s i n g  f o r  t h e s e  t e s t s  w a s  d e l a y e d  b e c a u s e  o f  s o f t ­

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

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

p r o c e s s e d  i n  a two w e e k  p e r i o d  u n d e r  r o u t i n e  o p e r a t i n g  c o n d i t i o n s  

f o r  f u t u r e  G r e e n  L i n e  t e s t s .  P r o c e s s i n g  o f  t h e  t r a c k  g e o m e t r y  

m e a s u r e m e n t s  w i l l  e v e n t u a l l y  be  p e r f o r m e d  i n  r e a l  t i m e  a n d  d a t a  

s t o r e d  on  t a p e .  T h e  p r o c e s s e d  d a t a  w i l l  t h e n  be  p r i n t e d  o u t  o n  

b o a r d  t h e  t r a i n  a f t e r  c o m p l e t i o n  o f  t h e  r u n .
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TEST APPROACH

A-l



T h e  f i v e  t e s t s  m a k i n g  u p  t h e  s e r i e s  c o v e r e d  b y  t h i s  r e p o r t  

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

A p p e n d i c i e s .

T r a c k  G e o m e t r y  - M i d c h o r d  P r o f i l e

T r a c k  G e o m e t r y  - G ag e

J o u r n a l - B o x  A c c e l e r a t i o n

R i d e  R o u g h n e s s

I n t e r i o r  N o i s e

A l t h o u g h  t h e  t e s t s  a r e  r e p o r t e d  s e p a r a t e l y ,  t h e  a p p r o a c h  u s e d  

w a s  t o  r e c o r d  a l l  d a t a  s i m u l t a n e o u s l y .  B e s i d e s  b e i n g  m o r e  e c o n o m i ­

c a l ,  s i m u l t a n e o u s  r e c o r d i n g  f a c i l i t a t e s  c o r r e l a t i o n  o f  m e a s u r e m e n t  

f o r  m o r e  d e t a i l e d  a n a l y s e s  t h a t  m i g h t  be  r e q u i r e d  a t  some  l a t e r  

d a t e .

T h e  PCC s t r e e t  c a r  u s e d  a s  t h e  t e s t  v e h i c l e  i s  s h o w n  i n  

F i g u r e  2 - 3 .  T h e  t r a c k  d i a g n o s t i c  s e n s o r s  a r e  m o u n t e d  o n  t h e  r e a r  

t r u c k .  T h e  i n s t r u m e n t e d  r e a r  t r u c k  i s  s h o w n  i n  F i g u r e  2 - 2  i n  t h e  

l a b o r a t o r y  p r i o r  t o  i n s t a l l a t i o n  on  t h e  c a r .  A  l a y o u t  o f  t h e  i n ­

s t r u m e n t a t i o n  o n  t h e  c a r  i s  s h o w n  i n  F i g u r e  A - l .

P o w e r  g e n e r a t i o n  e q u i p m e n t ,  s i g n a l  c o n d i t i o n i n g ,  s p e e d  a n d  

d i s t a n c e  e q u i p m e n t ,  d a t a  c o l l e c t i o n ,  a n d  t e s t  m o n i t o r i n g  a r e  c o m ­

mon f o r  a l l  t e s t s .  T h e y  w i l l  b e  d i s c u s s e d  b r i e f l y  i n  t h i s  i n t r o ­

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

S p e e d  a n d  D i s t a n c e

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

p a c i t i v e  p r o b e  i s  m o u n t e d  on  t h e  t r a n s v e r s e  beam  a t  t h e  r e a r  o f  

t h e  t r u c k  m i d - w a y  b e t w e e n  t h e  two  r a i l s .  When  t h e  A u t o m a t i c  L o c a ­

t i o n  D e t e c t o r  ( A L D )  p r o b e  p a s s e s  o v e r  t h e  i m p e d a n c e  b o n d  a s s o c i a t e d  

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

c r o s s - w a l k s  a t  s t a t i o n s ,  s h a r p  s p i k e s  a r e  r e c o r d e d  o n  t h e  m a g n e t i c  

t a p e  a n d  o n  t h e  o s c i l l o g r a p h  c h a r t .
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To  p r o v i d e  s p e e d  a n d  d i s t a n c e  d a t a  b e t w e e n  A L D  m a r k s ,  a 

r o t a r y  p u l s e  g e n e r a t o r  (R P G )  i s  m o u n t e d  on  t h e  l e f t  s i d e  p r o f i l e  

beam a n d  d r i v e n  b y  t h e  f r o n t  a x l e  o f  t h e  i n s t r u m e n t e d  t r u c k .  T h e  

RPG p u t s  o u t  2 0 4 8  p u l s e s  p e r  r e v o l u t i o n  o f  t h e  a x l e .  T h i s  o u t p u t  

i s  d i v i d e d  b y  2 t o  p r o d u c e  1 0 2 4  p u l s e s  p e r  r e v o l u t i o n  o f  t h e  a x l e  

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

2 0 4 8  p u l s e s / r e v o l u t i o n  a r e  a l s o  d i v i d e d  t o  p r o v i d e  8 p u l s e s / f o o t  

t o  d r i v e  t h e  c h a r t  r e c o r d e r  p a p e r  a n d  1 p u l s e / f o o t  t o  d r i v e  t h e  

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

A l l  o f  t h e  e l e c t r o n i c s  f o r  t h e  s e n s o r s  a r e  c o n t a i n e d  i n  t h e  

r a c k .  I n  a d d i t i o n ,  t h i s  r a c k  c o n t a i n e d  a t i m e - c o d e  g e n e r a t o r ,  t h e  

FM m u l t i p l e x  e q u i p m e n t  u s e d  i n  d a t a  a c q u i s i t i o n ,  a n d  a 7 c h a n n e l  

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

n e x t  t o  t h e  r a c k  i s  s h o w n  t h e  s h o c k  m o u n t e d ,  H o n e y w e l l  H - 5 6 0 0 ,  1 

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

d a t a  t a k e n  i n  t h i s  t e s t .  S t a r t i n g  a t  t h e  t o p  o f  t h e  r a c k ,  e a c h  

c h a s s i s  i s  i d e n t i f i e d  a s  f o l l o w s :  r i d e  r o u g h n e s s  ( l i n e a r )  a c c e l ­

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

a n g l e  a c c e l e r o m e t e r  ( r i d e  r o u g h n e s s )  s i g n a l  c o n d i t i o n e r ;  t i m e  c o d e  

g e n e r a t o r ;  RPG p u l s e  p r o c e s s o r  ( t o  p r o v i d e  s p e e d  a n d  d i s t a n c e  d i s ­

p l a y  v o l t a g e ) ; e v e n t  m a r k e r  s i g n a l  c o n d i t i o n e r ;  FM d i s c r i m i n a t o r s  

( d e m u l t i p l e x e r  f o r  m o n i t o r i n g ) ;  m o n i t o r  s c o p e ;  m o n i t o r  s w i t c h  ( t o  

d e t e r m i n e  w h i c h  t a p e  t r a c k  i s  m o n i t o r e d ) ;  c a l i b r a t i o n  p a n e l ;  FM 

m u l t i p l e x  VCO a s s e m b l y ;  c a p a c i t a n c e  p r o b e  e l e c t r o n i c s ;  p i e z o  a c c e l  

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

n e s s  ( l o w  f r e q u e n c y )  s e r v o - a c c e l e r o m e t e r  s i g n a l  c o n d i t i o n e r s .

P o w e r  C o n d i t i o n i n g

T h e  p r i m a r y  s o u r c e  o f  e l e c t r i c a l  p o w e r  t o  o p e r a t e  t h e  i n ­

s t r u m e n t a t i o n  a n d  d a t a  a c q u i s i t i o n  e q u i p m e n t  i s  a b a t t e r y  b a n k .

T h e  t o t a l  l o a d  w he n  a l l  i n s t r u m e n t a t i o n  a n d  d a t a  a c q u i s i t i o n  

e q u i p m e n t  i s  o p e r a t i n g  i s  a p p r o x i m a t e l y  40  a m p e r e s  a t  30  v o l t s .

A  1 kw i n v e r t e r  p r o v i d e s  t h e  1 1 5  v a c  p o w e r  r e q u i r e d  b y  s om e  o f  

t h e  i n s t r u m e n t a t i o n  a n d  d a t a  a c q u i s i t i o n  e q u i p m e n t .  W h i l e  o p e r ­



ating above ground, a 1.75 kw gasoline-engine-powered alternator 
supplied power to the batteries through a 20 ampere power supply 
to extend the endurance of the batteries.

Instrumentation
The following instrumentation was used in the Green Line 

testing:

# Req'd. # Spares
Time code generator 1 0
Linear servoaccelerometers § g-monitors 6 0
Angular servoaccelerometers § scaling amplifier 3 1
Piezoaccelerometers § charge amplifiers 4 2
Rotary pulse generator 1 1
Capacitance probes (midchord profile) 6 9
Capacitance probes (g,age) 2 8
.Capacitance probes (ALD) 1 5
Sound level meter 2 0
Mechanical filter accelerometer mount 2 0
Electrical filters (track roughness) 3 0
Electrical filters (ride roughness) 3 0
RMS processor 3 3
Mid-chord summing amplifier 2 1
Gage summing amplifier 1 1

A signal-flow block-diagram of the instrumentation, data 
acquisition, monitor, and display equipment interconnection for 
the Green Line tests is shown in Figure A-2.

Data Acquisition and Display
Data was recorded using the following equipment:
FM Multiplex Equipment
Tri-Corn, IRIG Constant Bandwidth
Six A-channels/track, Three B-channels/track
Four tracks of "A" format, two tracks of "B" format.
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Magnetic Tape Recorder

Chart Recorder
\

Gould Brush 480 w incremental drive 
8 channels with two event markers
frequency response +2 % DC to 100 Hz at 10 div pen dis­
placement
Monitorscope
Vu-Data, MS200, 7 channel monitor oscilloscope 
frequency response +1 dB, DC-5 MHz " 
switchable to monitor any one track of tape being 
recorded
Test data is recorded on one inch wide, 14 track magnetic 

tape for subsequent processing at TSC. Six of the 14 tracks con­
tain FM multiplexed data. On the other eight tracks, data is re­
corded directly. Four of the six multiplexed tracks contain six 
IRIG A constant bandwidth channels plus a 72 KHz reference fre­
quency in the multiplex. The other two multiplexed tracks each 
contain three IRIG B constant bandwidth channels. The "A" chan­
nels are specified to have a 400 Hz data bandwidth, the "B" chan­
nels an 800 Hz data bandwidth. According to the Tri-Corn specifi­
cation, the low pass filter at the discriminator output has a 
response down 3 dB at data cutoff frequency and asymptotic to 30 
dB per octave beyond cutoff. The assignment of tape tracks and 
data channel is given in Table A-l.

Data displayed on the chart recorder are the rms values of 
ride roughness vertical and lateral vibration accelerations, track 
gage, left and right midchord profiles, ALD marker, speed, and 
distance; One event-marker pen provides a mark every ten seconds. 
Another event marker pen is used to provide a manual indication 
of questionable midchord profile data. This observation is based 
on the presence of extraneous metal such as a guard rail in the 
field of the profile capacitance probes. The chart is driven at a
speed proportional to ground distance covered.

A-9

H o n e y w e ll, H -5600, 15 ip s ,  d i r e c t  re c o rd /re p ro d u c e
14 t r a c k  IR IG  fo rm a t
1" ta p e , 10 1 /2  d ia  w 3" NAB hub



TABLE A-1 MAGNETIC TAPE TRACK AND CHANNEL ASSIGNMENT

T a p e  I R I G
T r a c k  No . C h a n n e l  No . D a t a  R e c o r d e d

1 1A A n g u l a r  A c c e l e r o m e t e r ,  R o l l

1 2A A n g u l a r  A c c e l e r o m e t e r ,  P i t c h

1 3A A n g u l a r  A c c e l e r o m e t e r ,  Yaw

1 4A R i d e  R o u g h n e s s  A c c e l e r a t i o n ,  L o n g i t u d i a l

1 5A R i d e  R o u g h n e s s  A c c e l e r a t i o n ,  L a t e r a l

1 6A R i d e  R o u g h n e s s  A c c e l e r a t i o n ,  V e r t i c a l

2 I R I G  B T im e  C o d e

3 1A T r a c k  R o u g h n e s s  A c c e l e r a t i o n ,  l o  f r e q ,  
r i g h t  v e r t i c a l

3 2A T r a c k  R o u g h n e s s  A c c e l e r a t i o n ,  l o  f r e q ,  
l e f t  v e r t i c a l

3 3A T r a c k  R o u g h n e s s  A c c e l e r a t i o n ,  l o  f r e q ,  
l e f t  l a t e r a l

3 4A T r a c k  g a g e

3 5A D i s t a n c e  r i g h t  g a g e  p r o v e  t o  r i g h t  r a i l

3 6A D i s t a n c e  l e f t  g a g e  p r o b e  t o  l e f t  r a i l

4 - - RPG  P u l s e s  a t  1 0 2 4  P P R

5 3B T r a c k  R o u g h n e s s  A c c e l e r a t i o n ,  h i  f r e q ,  
r i g h t  v e r t i c a l

5 5B T r a c k  R o u g h n e s s  A c c e l e r a t i o n ,  h i  f r e q ,  
l e f t  v e r t i c a l

5 7B S p a r e

6 - - 25 KHz  r e f e r e n c e  f r e q u e n c y

7 1A A L D  t r a c e

7 2A D i s t a n c e  t r a c e

7 3A S p e e d

7 4A E v e n t  m a r k e r

7 5A R i g h t  r a i l  m i d - c h o r d  p r o f i l e

7 6A L e f t  r a i l  m i d - c h o r d  p r o f i l e

8 - - 8 p u l s e s / f t .  o f  d i s t a n c e  t r a v e l e d

9 3B T r a c k  r o u g h n e s s  a c c e l e r a t i o n ,  h i  f r e q ,  
r i g h t  l a t e r a l
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TABLE A-l MAGNETIC TAPE TRACK AND CHANNEL ASSIGNMENT (CONT)

TapeTrack No. IRIG
Channel No. Data Recorded

9 5B Track roughness acceleration, hi 
left lateral

9 7B Spare
10 — Spare
11 1A . Capacitance probe, right front
11 2A Capacitance probe, right middle
11 3A Capacitance probe, right rear
11 4A Capacitance probe, left front
11 5A Capacitance probe, left middle
11 6A Capacitance probe, left rear
12 - - Spare
13 -- Capstan Servo
14 - - Spare
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APPENDIX B

TRACK GEOMETRY -  MIDCHORD PROFILE
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MBTA Green Line Tests, Riverside Branch 
December, 1972

SEQUENCE NO. 12-72-601 
PROCEDURE NO. PCC-TGC-6007-MBTA

OBJECTIVE:
To measure midchord track profile on the Riverside Branch of 

the Green, Line, prior to initiation of track rehabilitation. These 
data will help establish which sections of track most severely re­
quire rework, These data will also be used for comparison with 
data recorded after the track has been upgraded.

STATUS:
Midchord profile data (10 foot chord) hns been collected and 

processed for the twenty six-plus miles of the Riverside Branch 
track. The data is presented in 46 sets with each set representing 
a one-way section of track between two adjacent stations. Plots 
of the midchard profile as a function of distance are contained in 
separate volumes. The data for one representative section of track 
is repeated in this Appendix.
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Test Description
In this test series, midchord profile of each rail is meas­

ured continuously using capacitive proximity detectors. Three 
probes are mounted on straight beams that are located alongside 
the wheels of the instrumented truck. Each probe is centered over 
the top surface of the rail. The electronics associated with each 
probe puts out a voltage that is proportional to the distance be­
tween the probe and the rail. Thus, if the outputs of the two end 
probes are denoted A and B and the output of the center probe is 
denoted C, the mid-chord formula yields the midchord offset h as

(see Figure B-l). The midchord offset is the actual output of 
this measurement. The beam length used in this test series was 
9 ft. 10 in.

BEAM

Figure B-l Measurement of Midchord Offset
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I N S T R U M E N T A T I O N

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

f o l l o w s :  T h e  i n n e r  f o i l  i s  t h e  d e t e c t o r  s u r f a c e .  T h e  o u t e r  f o i l

i s  t h e  g u a r d  r i n g .  T h e s e  p r o b e s  w e r e  d e s i g n e d  a n d  b u i l t  a t  T S C .

T h e s e  p r o f i l e  p r o b e s  w e r e  p o s i t i o n e d  2 1 / 2  i n c h e s  a b o v e  t h e  

r a i l  s u r f a c e  t o  c l e a r  a l l  o b s t r u c t i o n s ;  h o w e v e r ,  o n e  p r o b e  c o n ­

t a c t e d  a g u a r d  r a i l  i n  L e c h m e r e  s t a t i o n .  E v i d e n t l y  2 1 / 2  i n c h e s  

c l e a r a n c e  w a s  n o t  q u i t e  e n o u g h .

The  e l e c t r o n i c s  a s s e m b l y  u s e d  w i t h  e a c h  p r o b e  i s  l o c a t e d  i n  

t h e  e l e c t r o n i c s  r a c k  i n  t h e  c a r  a n d  u t i l i z e s  t h e  L i o n  P r e c i s i o n  

3 0 0 - 1 G  M e t r i g a p  c i r c u i t r y .  T h e  s u m m i n g  a m p l i f i e r  a s s e m b l y  t o  

c o m p u t e  m i d c h o r d  o f f s e t  w a s  d e s i g n e d  a n d  b u i l t  a t  T S C .

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

T h e  f i r s t  s t e p  i n  e a c h  d a y ' s  p r o c e d u r e  i s  t o  c a l i b r a t e  t h e  

p r o b e s .

1. F i r s t  t h e  c a r  i s  m o v e d  t o  a p a r k i n g  s p a c e  o u t s i d e  o f  a n y  

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

b i e n t .  P r o b e  e l e c t r o n i c s  a r e  t u r n e d  o n  a t  t h e  sam e  t i m e .

2. A f t e r  a l l o w i n g  t e m p e r a t u r e  e q u a l i z a t i o n  f o r  o n e - h a l f  

h o u r ,  e a c h  g a g e  p r o b e  i s  t a k e n  o f f  o f  t h e  c a r  a n d  m o u n t e d  

on  a  c a l i b r a t i o n  f i x t u r e  d e s c r i b e d  i n  A p p e n d i x  C .  The  

p r o b e  e l e c t r o n i c s  a r e  t h e n  t r i m m e d  t o  t h e  d e s i r e d  g a i n  

a n d  l i n e a r i t y .

3. A f t e r  a l l  p r o b e s  a r e  c a l i b r a t e d ,  t h e  c a r  i s  m o v e d  t o  a 

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

c r o s s - w a l k s ,  p a v e d  a r e a s ,  o r  g u a r d  r a i l s .  T h e  d i s t a n c e  

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

m e a s u r e d .  T h e  e l e c t r i c a l  z e r o  o f  t h e  e l e c t r o n i c s  i s  a d ­

j u s t e d  s o  t h a t  p r o b e  o u t p u t  c o r r e s p o n d s  t o  t h e  m e a s u r e d  

d i s t a n c e .

4. A t  t h i s  p o i n t  t h e  m i d - c h o r d  p r o f i l e  m e a s u r e m e n t  s y s t e m  

i s  r e a d y  t o  m e a s u r e  r a i l  m i d - c h o r d  o f f s e t  i n  t h e  v e r ­

t i c a l  p l a n e .
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5. The car is run over the track to be measured at whatever 
speeds other parts of the test require because capaci­
tive proximity measurements of a continuous target are 
not sensitive to vehicle speed.

Data
The midchord profile data were recorded on analog tape 

during the test runs in the form of the outputs of each of the 
capacitance probe circuits as well as the computed midchord value.
The data was then digitized after passing it through,a Butterworth 
low-pass four-pole filter, set for 30 Hz, and a unity gain amplifier, 
The tachometer pulses were divided down by a factor of 7810 and 
used to trigger the sampling of the Analog-to-Digital Converter.
The resulting two samples-per-foot were used to scale, the plotter 
output at 200 ft/inch.

. An example of the processed data is shown in Figure B-2 for 
the section of track from Riverside Station to Woodland Station. 
Distance on the horizontal scale is referenced from zero at 
Riverside Station and increasing to 2700 feet at Woodland. A 
total of 46 charts like Figure B-2, corresponding to the 46 inter­
vals between stations on a round trip between Riverside and Lech- 
mere, are contained in separate volumes. To assure completeness, 
each set of data overlaps the adjoining sections.

Left and right midchord profiles are shown for the 10-foot 
beam. Vehicle speed (not shown) was intended to approximate 
typical revenue-speed. The output of the automatic location de­
tector indicates pulses where switches, grade crossings, etc., 
occur. The non-zero position of the event marker is used to indi­
cate sections of the track where extraneous metal may be in the 
field of view of the capacitance probes. Midchord profile data in 
these regions is questionable, and track sections with apparent 
perturbations should be visually inspected.

The sampled data were processed to locate the largest pro­
file perturbations (see Figures B-3 and B-4 pages B1 and Cl of 
each figure). The magnitude of the profile was divided according 
to zones of perturbation. The nominal zone within + 0.25 inches 
Imidchord is defined as zone zero. Positive mid-chord measurements 
greater than 0.25 inches are defined by even numbered zones (e.g.,
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2 and 4 ) .  N e g at iv e  midchord measurements l e s s  th an  0 . 2 5  i n c h e s  a r e  
d e f i n e d  by odd numbered z o n e s .  The s i z e  a t  t h e  zones used h e re  a r e  
d e f i n e d  as f o l l o w s :

Zone

4

Mid -chord  Reading 

0 . 7 5  i n .  <P

2 + 0 . 2 5  i n .  <P < + 0 . 7 5  i n .

0 - 0 . 2 5  i n .  <P < + 0 . 2 5  i n .

1 - 0 . 7 5  i n .  <P < - 0 . 2 5  i n .

3 P < - 0 . 7 5  i n .

Pages A on th e  p r i n t o u t  c h a r t s  show th e  l o c a t i o n  each  t ime 
th e  p r o f i l e  re a d in g  e n t e r s  a new zone.  Pages  B on th e  p r i n t o u t  
summarize the  l o c a t i o n s  a t  which th e  peaks  a r e  r e a c h e d  in  th e  
extreme zon es ,  3 and 4.  The magnitude o f  t h e  peak i s  a l s o  g i v e n .  
Pages  C on the  p r i n t o u t  summarize the  s e c t i o n  o f  t r a c k  in  terms 
o f  number o f  t im e s  each zone o c c u r s  and t o t a l  number o f  f e e t  in  
each zone.  The c om p le te  p r o f i l e  p r i n t o u t  d a t a ,  pages  A, B and C 
f o r  the 46 s e c t i o n s  o f  t r a c k  a r e  a v a i l a b l e  in  s e p a r a t e  volumes .

The summary p a g e ,  C, can  be used f o r  c om p ar ison  o f  one 
s e c t i o n  o f  t r a c k  w i th  a n o t h e r .  Pages B,  by g i v i n g  th e  l o c a t i o n  
o f  the  most s e v e r e  p e r t u r b a t i o n s ,  can be used  f o r  l o c a t i n g  a r e a s  
f o r  i n v e s t i g a t i o n  and p o s s i b l e  r e p a i r s .

NOTE: F ig u r e  B-2 has been reduced to  75% o f  normal s i z e .
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F i g u r e  B-2  Midchord O f f s e t  Data 
P l o t ,  R i v e r s i d e  to  
Woodland
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FROM - RIVERSIDETO - WOODLANDLEFT PROFILE
F E E T Z O N E F E E T Z O N E F E E T Z O N E

3 . 0 2 1 1 . 0 0 1 4 . 0 1

1 9 5 . 5 0 1 9 6 . 0 2 1 9 9 . 0 0

2 6 9 . 5 2 3 1 5 . 5 0 3 1 6 . 0 2

3 8 7 . 0 0 3 8 7 . 5 I 4 5 6 . 5 0

4 8 0 . 5 1 5 3 2 . 5 0 5 3 4 . 0 2

7 3 8 . 0 0 7 3 9 . 0 1 7 8 3 . 5 0

8 2 9 . 5 1 8 3 4 . 5 0 8 3 5 . 0 2

8 8 7 . 0 0 8 8 8 . 0 1 1 0 6 1 . 0 0

1 0 6 8 . 5 2 1 0 9 0 . 0 0 1 0 9 3 . 5 1

1 1 2 6 . 5 0 1 1 2 9 . 0 2 1 1 4 2 . 5 0

1 1 5 2 . 0 1 1 2 0 9 . 0 0 1 2 1 2 . 0 1

1 3 4 0 . 5 0 1 3 4 5 . 5 2 1 3 6 7 . 5 0

1 4 3 5 . 0 1 1 4 8 9 . 0 0 1 4 8 9 . 5 1

1 6 1 3 . 5 0 1 6 1 5 . 5 1 1 6 1 6 . 0 0

1 6 4 4 . 5 1 1 7 4 0 . 5 0 1 7 4 1 . 0 2

1 7 8 8 . 0 0 1 7 9 4 . 0 2 1 8 0 1 . 5 0

1 8 9 1 . 0 2 1 9 0 9 . 5 0 1 9 1 2 . 5 1

1 9 6 7 . 5 0 1 9 7 0 . 0 2 197y5 . 0 0

2 0 4 2 . 5 1 2 0 8 7 . 5 0 2 0 8 8 . 0 1

2 1 0 2 . 5 0 2 1 0 6 . 0 2 2 1 1 5 . 5 0

2 1 2 5 . 5 2 2 1 4 5 . 5 0 2 1 5 0 . 0 1

2 2 5 0 . 5 0 2 2 5 2 . 5 2 2 2 5 4 . 5 0

2 2 6 3 . 0 1 2 2 6 3 . 5 3 2 2 6 6 . 5 1

2 3 0 2 . 5 0 2 3 0 3 . 0 2 2 3 2 5 . 5 0

2 3 3 6 . 0 2 2 3 7 2 . 5 0 2 3 7 3 . 0 2

2 3 8 6 . 5 0 2 3 9 1 . 5 1 2 4 6 7 . 0 0

2 5 2 2 . 0 2 2 5 8 5 . 5 0 2 5 8 8 . 0

2 5 9 2 . 5 0 2 5 9 7 . 8 2 2 6 0 0 . 5 0

2 6 0 9 . 0 1 2 6 3 3 . 5 0 2 6 3 5 . 0

Figure B-3 (1 of 4) Left



PAGE A 1

F E E T  Z O N E  F E E T

5 1 . 5 0 5 2 . 0

1 9 9 . 5 2 2 6 7 . 5

3 6 9 . 5 0 3 7 1 . 5

4 6 2 . 5 1 4 7 7 . 0

5 6 5 . 0 0 5 6 7 . 0

7 8 4 . 6 2 8 2 9 . 0

8 3 5 . 5 0 8 3 6 . 0

1 0 6 1 . 5 1 1 0 6 5 . 5

1 1 2 0 . 0 0 1 1 2 1 . 5

1 1 4 4 . 0 2 1 1 4 9 . 5

1 2 6 7 . 5 0 1 2 7 2 . 5

1 3 6 8 . 5 2 1 4 3 1 . 0

1 4 9 1 . 5 0 1 4 9 2 . 0

1 6 1 6 . 5 1 1 6 4 3 . 0

1 7 5 6 . 0 0 1 7 6 0 . 5

1 8 0 6 . 5 1 1 8 8 8 . 0

1 9 1 9 . 5 0 1 9 2 3 . 0

1 9 7 9 . 5 1 2 0 3 7 . 0

2 0 8 8 . 5 0 2 0 9 2 . 0

2 1 1 9 . 0 1 2 1 2 2 . 0

2 2 0 7 . 5 0 2 2 1 4 . 0

2 2 5 9 . 0 2 2 2 6 1 . 0

2 3 0 1 . 5 0 2 3 0 2 . 0

2 3 2 7 . 0 1 2 3 3 0 . 5

2 3 7 3 . 5 0 2 3 7 4 . 0

2 4 6 8 . 5 |£. 2 5 2 0 . 0

2 5 8 8 . 5 0 2 5 9 0 . 0

2 6 0 2 . 0 1 2 6 0 8 . 0

2 6 5 5 . 5 0 2 6 5 6 . 5

Z O N E

1
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PAGE ft 2FROM - RIVERSIDETO - WOODLANDLEFT PROFILE
F E E T Z O N E F E E T Z O N E F E E T Z O N E F E E T Z O N E F E E T Z O N E

2 6 5 8 . 0 0 2 6 5 9 . 5 1 2 6 6 0 . 5 0 2 6 6 1 . 0 2 2 6 6 2 . 0 0

2 6 6 4 . 5 2 2 6 7 4 . 0 0 2 6 7 8 . 5
•p

2 6 9 2 . 0 0 2 6 9 2 . 5 2

2 7 2 6 . 5 0 2 7 3 0 . 0 2 2 7 3 8 . 5 0 2 7 4 0 . 5 1 2 7 4 6 . 5 0

2747.0 1 2 7 4 9 . 0 0 2 7 5 2 . 5
n

2 7 5 4 . 0 0 2 7 5 4 . 5 1

2 7 5 8 . 5 0 2 7 6 1 . 5 2 2 8 1 2 . 5 0 2 8 1 5 . 5 2 9 5 7 . 0 0

2 9 6 1 . 0 1 2 9 7 6 . 5 0 2 9 7 8 . 5 2

F i g u r e  B - 3  (2  o f  4) L e f t  T r a c k  P r o f i l e
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PAGE e 1FROM - RIVERS IDETO - UOODLANDLEFT PROFILE
F E E T Z O N E M A X  M A G N I T U D E F E E T Z O N E M A X  M A G N I T U D E F E E T Z O N E M A X  M A G N I T U D E

2 2 6 3 . 5 3 - 0 . 7 5 8

Figure B-3 (3 o£ 4) Left Track Profile
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PAGE C 1. FROM - RIVERSIDETO - WOODLAND. . LEFT PROFILE

9 9 . 0 0 0 . 7 5 0 0 . 0

0 . 7 5 0 . 2 5 4 6 1 0 4 . 0

0 . 2 5 - 0 . 2 5 8 5 2 7 9 4 . 5

- 0 . 2 5 - 0 . 7 5 41 . 1 0 1 . 0

- 0 . 7 5 - 9 9 . 0 0 1 0 . 5

F i g u r e  B - 3  (4 o f  4) L e f t  T r a c k  P r o f i l e
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FROM - RIVERSIDETO - UOODLANDRIGHT PROFILE
F E E T Z O N E F E E T Z O N E F E E T Z O N E

5 . 5 0 1 0 . 0 1 1 5 . 5 0

5 3 . 5 1 5 6 . 5 0 6 0 . 0 2

1 5 6 . 5 0 1 6 0 . 0 1 1 8 2 . 0 0

2 4 3 . 0 1 2 4 6 . 0 0 2 4 7 . 5 2

2 8 5 . 5 0 2 8 6 . 0 2 3 4 2 . 5 0

3 9 0 . 0 1 4 3 6 . 0 0 4 3 9 . 5 1

4 5 0 . 5 0 4 5 5 . 0 1 4 6 2 . 0 0

4 6 8 . 0 1 4 7 3 . 5 0 4 8 3 . 0 1

6 0 1 . 0 0 6 0 5 . 0 1 6 0 5 . 5 0

6 3 0 . 5 1 6 5 0 . 0 0 6 5 2 . 5 1

7 7 3 . 5 0 7 7 8 . 0 1 9 3 4 . 5 0

9 6 8 . 0 1 1 0 2 3 . 0 0 1 0 2 7 . 0 1

1 0 7 8 . 5 0 1 0 8 0 . 0 1 1 0 8 0 . 5 0

1 1 1 9 . 5 1 1 1 2 0 . 0 0 1 1 2 0 . 5 1

1 3 2 2 . 0 0 1 3 2 8 . 0 1 1 3 4 0 . 0 0

1 3 4 6 . 0 2 1 3 5 4 . 0 0 1 3 5 4 . 5 1

1 3 9 0 . 5 0 1 3 9 1 . 0 1 1 3 9 8 . 5 0

1 4 0 3 . 0 1 1 4 2 7 . 0 0 1 4 2 7 . 5 2

1 4 6 3 . 0 0 1 4 6 9 . 0 1 1 4 9 9 . 0 0

1 5 0 0 . 5 1 1 5 0 1 . 0 0 1 5 0 1 . 5 1

1 5 3 2 . 0 0  . 1 5 3 2 . 5 1 1 5 6 4 . 0 0

1 5 6 8 . 5 1 1 5 6 9 . 0 0 1 5 6 9 . 5 1

1 6 5 1 . 0 0 1 6 5 1 . 5 1 1 6 5 7 . 0 0

1 6 8 0 . 0 1 1 6 8 9 . 0 0 1 6 9 3 . 0 1

1 8 0 1 . 0 0 1 8 0 5 . 5 1 1 8 4 4 . 5 0

1 8 6 7 . 5 1 1 8 9 8 . 0 0 1 8 9 8 . 5 1

1 9 0 6 . 5 0 1 9 1 3 . 0 1 1 9 4 2 . 5 0

1 9 4 8 . 0 1 1 9 7 7 . 0 0 1 9 8 2 . 0 1

2 0 9 0 . 5 0 2 0 9 5 . 5 1 2 1 2 9 . 5 0

Figure B-4 (1 of 4) Right



PAGE A 1

F E E T Z O N E F E E T Z O N E

2 1 . 5 2 4 7 . 0 0

1 0 7 . 5 0 1 1 0 . 5 1

1 8 4 . 0 1 2 3 3 . 5 0

2 7 8 . 5 0 2 8 1 . 0 1

3 4 6 . 0 1 3 8 4 . 5 0

4 4 3 . 0 0 4 4 4 . 5 2

4 6 3 . 5 2 4 6 7 . 5 0

5 1 6 . 0 0 5 1 8 . 0 1

6 0 6 . 0 1 6 3 0 . 0 0

7 1 6 . 5 0 7 2 0 . 5 1

9 3 8 . 0 1 9 6 7 . 5 0

1 0 5 4 . 0 0 1 0 5 8 . 5 1

1 0 8 1 . 0 1 1 1 1 9 . 0 0

1 2 6 6 . 0 0 1 2 7 2 . 0 1

1 3 4 1 . 5 2 1 3 4 3 . 5 4

1 3 5 5 . 0 0 1 3 5 8 . 5 1

1 3 9 9 . 0 1 1 3 9 9 . 5 0

1 4 3 1 . 5 0 1 4 3 7 . 0 1

1 4 9 9 . 5 1 1 5 0 0 . 0 0

1 5 0 2 . 0 0 1 5 0 2 . 5 1

1 5 6 4 . 5 1 1 5 6 5 . 0 0

1 6 3 6 . 5 0 1 6 4 2 . 5 1

1 6 5 7 . 5
-t

1 6 7 8 . 5 0

1 7 7 6 . 0 0 1 7 8 1 . 5 1

1 8 4 5 . 5 1 1 8 6 7 . 0 0

1 8 9 9 . 0 0 1 8 9 9 . 5 1

1 9 4 7 . 0 1 1 9 4 7 . 5 0

2 0 3 5 . 0 0 2 0 4 0 . 0 1

2 1 3 0 . 0 1 2 1 4 7 . 0 0

T r a c k  P r o f i l e



PAGE A 2FROM - RIVERSIDETO - WOODLANDRIGHT PROFILE
F E E T Z O N E F E E T Z O N E F E E T Z O N E F E E T Z O N E F E E T Z O N E

2 1 4 7 . 5 1 2 1 4 8 . 0 ' 0 2 1 5 0 . 5 1 ' 2 1 5 5 . 5 .0 2 1 5 7 . 5 2

2 1 6 3 / 0 - 0 2 1 6 5 . 5 1 2 1 6 6 . 0 0 2 1 6 6 . 5 1 2 2 0 7 . 0 0

2 2 1 0 . 0 1 2 2 1 0 . 5 3 2 2 1 4 . 0 1 2 2 2 6 . 0  ' 0 2 2 2 9 . 0 1

2 2 5 4 . 5 0 2 2 5 5 . 0 2 2 2 5 8 . 5 0 2 2 6 3 . 5  . 1 2 3 2 3 . 0 0

2 3 2 8 . 0 1 2 3 3 2 . 5  ' 0 2 3 3 7 . 0  . ■ 2- , 2 3 4 7 . 0 0 2 3 5 1 . 0 1

2 3 8 6 . 0 0 2 3 9 1 . 5 ' 1 2 3 9 2 . 0 0 2 3 9 2 . 5 1 2 4 2 0 . 0 0

2 4 2 0 . 5 1 2 4 4 9 . 0 0 2 4 5 4 . 5 1 2 5 4 0 . 0 0 2 5 4 4 . 5 1

2 5 8 0 . 0 0 2 5 8 5 . 0 1 2 6 0 3 . 0 0 2 6 0 5 . 0 1 2 6 0 5 . 5 0

2 6 0 6 . 5 , 1 2 6 0 7 . 5 0 2 6 0 8 . 0 1 2 6 4 0 . 0 0 2 6 4 1 . 5 2

2 6 5 1 . 5 0 2 6 5 5 . 5 1 2 6 5 6 . 5 3 2 6 6 0 . 0 1 2 6 6 1 . 0 0

2 6 6 4 . 5 -3 2 6 7 5 . 5 0 2 6 7 8 . 5 2 , 2 6 8 1 . 5 0 2 6 8 6 . 5 1

2 6 8 7 . 0 0 2 6 8 7 . 5 1 2 7 1 5 . 0 0 2 7 1 7 . 5 1 • ■ 2 7 2 8 . 0 0

2 7 2 8 . 5 2 2 7 3 3 . 5 0 2 7 4 0 . 0 1 . 2 7 5 0 . 0 0 2 7 5 3 . 0 . 2 .

2 7 6 8 . 5 0 2 7 7 2 . 0 ■ 1 2 7 7 2 . 5 0 2 7 7 3 . 5 1 ' 2 8 1 7 . 5 0

2 8 1 8 . 0 1 2 8 2 9 . 0 0 2 8 2 9 . 5 2 2 8 3 6 . 5 0 2 8 3 9 . 0 1

2 8 3 9 . 5 0 2 8 4 1 . 5 1 2 8 6 5 . 0 0 2 8 7 0 . 0 1 2 8 7 0 . 5  . 0

2 8 7 1 . 0 1 2 9 6 4 . 0 0 2 9 6 6 . 0 1

F i g u r e  B - 4  (2  o f  4) R i g h t  T r a c k  P r o f i l e
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PAGE B 1FROM - RIVERSIDETO - WOODLANDRIGHT PROFILE
Z O N E M A X  M A G N I T U D E F E E T  Z O N E M A X  M A G N I T U D E F E E T  Z O N E M A X  M A G N I T U D E

4 0 . 9 6 0 2 2 1 0 . 5  3 - 0 . 7 6 8 2 6 5 6 . 5  3 - 0 . 8 0 7

Figure B-4 (3 of 4) Right Track Profile
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PAGE C 1FROM - RIVERSIDETO - WOODLANDRIGHT PROFILE
w Z O N E

4

1
3

U P P E R  . L I M I T L O U E R  L I M I T N O .  O C C U R A N C E S T O T A L  F T .

9 3 . 0 0 . 0 . 7 5 1 . 2 . 0

0 . 7 5 0 . 2 5 19 ' . 3 8 . 5

0 . 2 5 - 0 . 2 5 1 1 1 2 6 8 7 . 0

- 0 . 2 5 - 0 . 7 5 9 5 2 7 1 . 0

- 0 . 7 5 - 9 9 . 0 0 ' 2 1 . 5

F i g u r e  B - 4  (4 o f  4) R i g h t  T r a c k  P r o f i l e
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MBTA Green Line Tests, Riverside Branch 
December, 1972

SEQUENCE NO. 12-72-602 
PROCEDURE NO. PCC-TGC-6Q08-MBTA

OBJECTIVE:
To measure track gage on the Riverside Branch of the Green 

Line, prior to initiation of track rehabilitation, These data will 
help establish which sections of track most severely require rework. 
It will also be used to classify track according to gage specifica­
tions in the IRT Safety Guidelines for Urban Rapid Transit Systems. 
These results will subsequently be compared with data collected 
after rehabilitation.

STATUS:
Gage data has been collected and processed for the Riverside 

Branch Track. The twenty-six-plus miles of track is presented in 
forty six sections of data in the form of gage versus distance and 
computer printout summaries. The complete data are contained in 
separate volumes. A representative section from Kenmore Square 
Station to Auditorium is shown in this appendix.

The computer printout gives the track classification accord­
ing to IRT gage requirements. Half of the 46 sections have at 
least one gage reading that exceeds 57 3/4 inch or is less than 56 
inches, thus making it unclassified. Twenty-two sections are Class 
II while one section is Class H I .

Manual measurement of the gage to verify the automatically 
measured gage has revealed that the gage changes significantly in 
some places due to the vehicle loading. Further measurements may 

j be made to provide improved understanding of the dynamic effects 
|of vehicle loading on the gage data.



In this test series, track gage is measured continuously 
using capacitive proximity detectors. The probes are located 
alongside the rails , one along each rail. The electronic cir­
cuit associated with each probe outputs a voltage proportional to 
the distance between the probe and the rail. By adding the two 
voltages, a sum voltage is obtained that is proportional to the 
difference between actual track gage and some known value of dis­
tance. The gage measuring system on this test put out zero volts 
for a track gage of 57 1/4 inches. This number is reached by 
measuring the distance between probe faces, 55 7/8 inches, and 
then adjusting the probe electronics so that an adequate displace­
ment range is covered when the probes are mounted in the shadow 
of the wheel flange. Thus, each probe electronic system was set 
to operate at a sensitivity of 10 volts/inch and to put out zero 
volts when the probe face was 11/16 inch from the rail gage point.

Instrumentation
The gage probe was designed and built at TSC. It is thin 

enough (3/8" thick) to lie completely within the shadow of the 
wheel flange so. that anything that the wheel flange clears will 
be cleared by the probe. In the event that the wheel flange rides 
up over an obstruction, the probe mount is designed to retract 
when it ineets the obstruction and then spring back after the 
obstruction is passed.

The electronics assembly associated with each probe is 
located in the electronics rack in the car and utilizes the Lion 
Precision 300-1G Metrigap circuitry.

The summing amplifier was designed and built at TSC. It 
includes a scaling factor of 0.5 so that when gage data is re­
corded on magnetic tape or on the chart recorder, its scale factor 
is 5 volts/inch.

T e s t D e s c r i p t i o n
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Test Procedure
The first step in each day's procedure is to calibrate the 

probes.
1. The car is moved to a parking space outside of any 

building so that the probe temperatures can approach 
the ambient and the probe electronics are turned on.

2. After allowing temperature equalization for one-half 
hour, each gage probe is taken off of the car and 
mounted on the calibration fixture. This calibration 
fixture has a sheet metal replica of the rail surface 
that is reciprocated in front of the probe to permit 
exercising its complete range. A linear potentiometer 
provides a signal proportional to the position of the 
slide on which the rail replica is mounted. This posi­
tion signal drives the horizontal axis of a storage 
oscilloscope display. The probe electronics output 
drives the vertical axis of the same scope display. 
Hence, the scope displays probe output vs. distance of 
probe from its target. Turning on the electric drive 
motor of the Calibration Fixture allows this relation­
ship to be displayed continuously as the trimpots on the 
probe electronics are adjusted to yield the desired gain 
and linearity from the circuit.

3. After all probes are calibrated, the car is moved to a 
location where the running rails are free from asphalt 
cross-walks or paved areas, or guard rails. Then, the 
distance between probe faces, the track gage at the 
probe locations, and the mean distance from the gage 
point of each rail to its corresponding probe face are 
measured. The electrical zero of each probe electronics 
is adjusted so that its output corresponds to the 
measured probe-to-gage-point distance and so that the 
electrical gage signal corresponds to measured gage.

4. At this point, the gage measurement system is ready to 
measure track gage.

C - 6



5. The car is run over the track to be measured at any con­
venient speed, since capacitive proximity measurements 
are not sensitive to the speed in a direction normal to 
the measurement axis at which a continuous target passes 
in front of the probe.

Data
The gage data was recorded on analog tape in the form of 

capacitance probe circuit outputs, similar to the profile data.
A sample section of track from Kenmore Square Station to Audi­
torium Station is shown here in Figure C-l. This section repre­
sents subsurface tracks. The statistical printout for the gage 
data is presented in the tabulated computer outputs on pages A,
B and C of Figure C-2. The levels used for these outputs are sum­
marized below along with the corresponding IRT track classifica­
tion:

Zone Gage G

6 G>57 3/4 in
4 57 1/4 in< G<57 3/4 in
2 57 ins G<57 1/4 in
0 56 1/4 in< G<57 in
1 56 < G<56 1/4 in
3 G<56 in

Institute for Rapid Transit 
Track Classification

Unclassified 
Class 1 or 2 
Class 3 
Class 4 
Class 4 
Unclassified

Page C of the figure provides a quick indication of the 
track classification relative to the IRT requirements for gage. 
Page B gives the location and magnitude of occurances in Zones 1, 
3, 4 and 6. Page A shows the location that the gage changes from 
one zone to another.

The page C gage printouts for all 46 sections are summarized 
in Table C-l. The IRT class of each section is given based on a
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Figure C-l Gage Data Plot
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PAGE A 1
FROM - KENMORE
TO - AUDITORIUM

GAGE

FEET ZONE - FEET ZONE FEET ZONE FEET - :ZONE FEET ZONE
79.5 0 81.5 2 134.5 0 137.0 2 284.5 0

. 298.5 . 2 305.5 0 312.0 2 ■ 328.5 0 339.5 2
340.0 0 340.5 2 390.5 0 : 391.0 2 . 393.0 4
394.0 2 394.5 0 395.0 1 ■ 395.5 2 396.5 0
398.5 2 399.0 4 405.0 2 405.5 0 406.0 2
429.0 0 430.5 2 431.0 4 440.5 0 441.5 2
442.5 0 447.5 2 448.0 0 448.5 4 449.0 2
.452.5 0 ' 454.5 1 456.0 0 457.0 1 457.5 0
459.0 1 575.0 0 577.5 2 578.0 4 579.5 ' 2n 583.0 0 583.5 4 585.0 2 .. 585.5 4 587.0 211—» 587.5 4 589.5 2 603.0 0 • 606.0 2 623.0 4M 623.5 6 625.5 4 628.5 2 652.0 ' 0 664.0 2

• 692.5 4 : 693.0. 0 694.0 ■ 2 705.0 4 705.5 2
708.5 4 736.0 2 737.0 4 737.5 2 770.5 4
771.0 ' 2 - 867.5 4 368.5 2 882.0 4 884.5 2

■ 885.5 4 391.0 2 893.5 4 ,896.0 2 915.5 . 4
916.0 2 938.5 ' 4 ■ 961.0 2 979.5 4 981.0 2
984.5 4 990.5 2 998.5 4 1015.5 2 1020.0 0
1030;0 2 1178.5 0 ' 1179.5 1180.5 0 ' 1183.5 2
1187.0 0 . 1211.0 2 1214.0 0 1230.5 2 1234.5 0
■1251.5 2 1256.5 0 1262.5 O 1275.5 0 1279.0 2
1230.5 0 1282.0 o 1290.0 0 1297.5 2 1306.5 0
1310.0 2 . 1319.5 0 1321.5 9 1333.0 0 1341.0 2
1344.5 0 ‘ 1348.0 n£_ 1352.0 0 1365.5 2 1399.5 0
1401.0 2 1403.0 0 1404.5 2 1405.0 0 1406.5 2
1425.5 0 1435.0 9 1436.5 0 1445.0 2 1446.5 0
1447.0 2 144S.5 . 0 1459.5 o 1460.0 0 1462.5 2 ■
1468.5 0 1474.5 • 9 1476.0 0 1481.5 1558.0 0
1561.0 1 1569.0 0 1593.5 1 1599.5 0 1618.5 1

F ig u re  C-2 (1 o f  4) Gage Data  P r i n t o u t
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FROM - KENMORE
TO - AUDITORIUM

GAGE
FEET ZONE FEET ZONE
1625.5 0 1627.5 11650.5 1 1662.0 01727.5 0 . 1733.0 11749.0 1 1731.0 01312.5 0 1815.5 11876.0 1 1935.0 02046.5 0 2064.5 12034.5 1 2108.5 02155.5 0 2157.0 12210.5 2 2211.0 02264.5 0 2277.0 2
2322.5 2 2377.5 0

FEET ZONE FEET ZONE
1643.0 0 1646.5 11669.0 1 1711.0 01737.0 0 1742.5 11782.5 1 1786.5 01820.5 0 1822.0 11939.0 1 2036.5 02074.5 0 2077.5 12112.0 1 2123.5 02184.5 0 2186.5 -i
2230.5 2 2236.5 02298.5 0 2309.0 9
2378.5 1 2719.0 0

Figure C-2 (2 of 4) Gage Data Printout



PAGE B 1
FROM - KENMORE
TO - AUDITORIUM

GAGE

FEET ZONE MAX MAGNITUDE FEET ZONE MAX MAGNITUDE FEET ZONE MAX MAGNITUDE
393'. 0 4 ■ 57.603 395.0 1 56.198 399.0 4 57.252
431.0 4 . 57.357 448.5 4 57.674 454.5 1 56.235
457.0 1 . 56.203 . 459.0 1 56.234 578.0 4 57.265
583.5 4 57.282 5S5.5 4 57.273 ' 587.5 4 57.288
623.5 6 57.837 692.5 4 57.360 705.0 4 57.445
708.5 4 57.267 ’ 737.0 4 57.253 770.5 4 57.432
867.5 4 57.477 882.0 4 57.355 885.5 4 57.252
893.5 4 57.266 915/5 4 57.371 938.5 4 57/396
979.5 4 57.398 984.5 4 57.281 998.5 4 57.375
1561.0 1 56.233' 1598.5 1 56'. 146 16 is.5 1 56.196
1627.5 1 56.245 . 1646.5 1 ' 56.229 . 1650.5 1 .56.238 ,
1669.0 1 56.191 1711.5 1 56.250 1733.0 '1 56.209
1742.5 1 56.195 1749.0 1 56.245 1782.5 1 ' 56.237
1789.5 1 56.234 1815.5 1 56.230 ' 1822.0 1 56.241
1876.0 1 56.247 1939.0 1 56.229 ' 2038.5 1 . 56.241
2064.5 1 56.184 2077.5 1 56.236 2084.5 - 1 56.205
2112.0 1 56.231 2131.5 1 56.209 2157.0 1 56.243
2378.5 1 56.242 2720.0 1 56.145

F ig u re  C-2 (3 o f  4) Gage Data  P r i n t o u t



PAGE C 1
FROM -  KENMORE
TO -  AUDITORIUM

GAGE

n
4*

Z O N E U P P E R  L I M I T L O W E R  L I M I T *  O F  T O T A L N O .  O C C U R A N C E S T O T A L  F T

6 99.00 5 7 . 7 5 0 . 0 2 1 0 . 5

4 5 7 . 7 5 5 7 . 2 5 1 0 . 2 3 2 4 2 8 6 . 5

2 5 7 . 2 5 5 7 . 0 0 1 4 . 4 5 7 0 4 0 4 . 5

0 5 7 . 0 0 5 6 . 2 5 7 0 . 3 2 8 0 1 9 6 9 . 0

1 5 6 . 2 5 5 6 . 0 0 4 . 9 8 3 0 1 3 9 . 5

3 5 6 . 0 0 - 9 9 . 0 0 0 . 0 0 0 0 . 0

Z O N E S I R T  C L A S S T I G H T W I D E X O F  T O T A L

0 + 1  + 2 + 4  1 + 2 5 6 . 0 0 5 7 . 7 5 9 9 . 9 8

0 + 1 + 2 3 5 6 . 0 0 5 7 . 2 5 ' 8 9 . 7 5

0 + 1 4 5 6 . 0 0 5 7 . 0 0 7 5 . 3 0

6 + 3 B E L O W  S T N D R D 5 6 . 0 0 5 7 . 7 5 0 . 0 2

Figure C-2 (4 of 4) Gage Data Printout
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TABLE C-l GREEN LINE TRACK GAGE DATA

Percentage of Track 
Meeting Gage Requirements

Track Section IRT Class IRT Class
4 3 2

1 . Riverside to Woodland - 99.92 99.98 99.98
2. Woodland to Waban - 99.13 99.99 99.99
3. Waban to Eliot 3 99.36 100
4. Eliot to Newton Highlands 2 94.94. 99.95 100
5. Newton Highlands to Newton Ctr. 2 95.24 99.60 100
6, Newton Center to Chestnut Hill 2 ' 92.47 99.57 100
7. Chestnut Hill to Reservoir - . 92.20 98.76 99.94
8. Reservoir to Beaconsfield 2 78.53 95.37 100
9. Beaconsfield to.Brookline Hills 2 92.53 99.26 100
10. Brookline Hills to Brookline Vil. 2 . 94.37 . 99.52 100
11. Brookline Vil. to Longwood 2 95.98 99.73 100
12. Longwood to Fenway 2 95.92 99.51 100
13. Fenway to Kenmore - 92.24 97.18 99.99
14. Kenmore to Auditorium - 75.30 89.75 99.98
15. Auditorium to Copley r 91.31 99.40 99.97
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TABLE C-l GREEN LINE TRACK GAGE DATA (CONT)

P e r c e n t a g e  o f  T rack  
M eet ing  Gage R equ irem ents

T r a c k  S e c t i o n  IRT C l a s s  IRT C l a s s
4 3 2

16. Copley to  A r l i n g t o n - 9 9 . 2 6 9 9 . 9 6 9 9 . 9 9

17. A r l i n g t o n  to  B o y l s t o n - 9 3 . 4 8 9 9 . 3 1 9 9 . 9 6

18. B o y l s t o n  t o  Park  S t . 8 3 . 4 6 9 9 . 0 7 9 9 . 9 3

19. Park S t  to  Govt.  C t r . 2 8 5 . 6 2 9 8 . 4 6 100

20. Govt.  C t r .  t o  Haymarket 2 9 7 . 6 4 9 9 . 7 1 100

21. Haymarket to  No. S t a t i o n - 9 3 . 2 1 9 9 . 6 5 9 9 . 9 4

22. No. S t a t i o n  t o  S c i e n c e  Park - 9 2 . 2 7 9 9 . 4 8 9 9 . 7 5

23. S c i e n c e  Park  to  Lechmere - 9 5 . 0 6 9 9 . 9 5 9 9 . 9 8

24. Lechmere t o  S c i e n c e  Park - 5 6 . 6 7 8 2 . 9 5 9 9 . 2 6

25. S c i e n c e  Park t o  No. S t a t i o n - 6 1 . 6 8 8 5 . 6 7 9 9 . 9 2

26. No. S t a t i o n  to  Haymarket - 5 9 . 2 1 8 2 . 6 6 9 7 . 3 4

27. Haymarket t o  Govt.  C t r . - 5 2 . 3 9 7 8 . 6 9 9 9 . 9 4

28. Govt.  C t r .  t o  Park  S t . - 4 8 . 5 4 7 8 . 3 7 9 9 . 8 5

29. Park  S t .  t o  B o y l s t o n - 6 7 . 4 7 8 9 . 2 7 9 9 . 6 8

30 . B o y l s t o n  to  A r l i n g t o n - 7 9 . 8 3 9 6 . 1 5 9 9 . 8 2
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TABLE C-l GREEN LINE TRACK GAGE DATA (CONT)

Percentage of Track 
Meeting Gage Requirements

Track Section IRT Class IET Class
4 3 2

31. Arlington to Copley 2 92.08 99.4 100
32. Copley to Auditorium 2 91.67 97.48 100
33. Auditorium to Kenmore - 81.94 94.02 99.86
34. Kenmore to Fenway - 98.88 99.74 . 99.25
35. Fenway to Longwood - 98.49 99.90 99.99
36. Longwood to Brookline Vil. 2 93.00 98.92 100
37. Brookline Vil. to Brookline Hills 2 88.70 98.32 100
38. Brookline Hills to Beaconsfield 2 88.12 98.06 100
39. Beaconsfield to Reservoir 2 94.70 99.95 100
40. Reservoir to Chestnut Hill 2 92.07 98.52 100 .
41. Chestnut Hill to Newton Ctr. 2 94.19- 99.20 100
42. Newton Ctr. to Newton Highlands 2 97.75 99.94 100
43. Newton Highlands to Eliot 2 95.78 99.83 l o o

44. Eliot to Waban 2 99.49 99.98 100
45. Waban to Woodland 2 99.42 99.98 100
46. Woodland to Riverside _ 82.87 83.07 93.8 2



l i t e r a l  i n t e r p r e t a t i o n  o f  t h e  d a t a .  The s e c t i o n  o f  t r a c k  from 
Waban S t a t i o n  to  E l i o t  S t a t i o n  i s  C l a s s  I I I .  Twenty-two s e c t i o n s  
a r e  C la s s  I I .  The re m ain in g  23 s e c t i o n s  a r e  below s t a n d a r d  b e ­
c a u s e  o f  one or more p l a c e s  where th e  gage e x c e ed s  57 3 / 4  i n c h e s  
o r  i s  l e s s  than 56 i n c h e s .  However, o f  t h e s e  s e c t i o n s ,  e l e v e n  
have only  one r e c o r d e d  d e f e c t .  Many o f  th e  r e c o r d e d  d e f e c t s  o c c u r  
in  a r e g i o n  where e x t r a n e o u s  m e t a l  such as guard r a i l s  may be e f ­
f e c t i n g  th e  re c o r d e d  s i g n a l .  A v i s u a l  ch e c k  o f  th e  t r a c k  a t  
t h e s e  p o i n t s  i s  r e q u i r e d  to  p r o v i d e  th e  f i n a l  c o n c l u s i o n .  The 
p e r c e n t a g e  o f  t r a c k a g e  t h a t  s a t i s f i e s  gage r e q u i r e m e n t s  p r o v i d e s  
a b e t t e r  measure o f  t r a c k  q u a l i t y .  The p e r c e n t a g e  o f  th e  t r a c k  
i n  each s e c t i o n  t h a t  m eets  th e  gage r e q u i r e m e n t s  f o r  IRT C l a s s e s  
2 ,  3 and 4 i s  a l s o  shown in  T a b l e  C - l .

NOTE: F ig u r e  C - l  has been  re d u ce d  to  751 o f  normal s i z e .

C-18



APPENDIX D

JOURNAL BOX ACCELERATION
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MBTA Green L in e  T e s t s ,  R i v e r s i d e  Branch  
December,  1972

SEQUENCE NO. 1 2 - 7 2 - 6 0 3  
PROCEDURE NO. PCC-TGA-6006-MBTA

OBJECTIVE;

To c o l l e c t  d a ta  f o r  c h e c k o u t  o f  th e  s o f t w a r e  f o r  i n t e g r a t i n g  
a c c e l e r o m e t e r  o u tp u ts  t o  o b t a i n  a c t u a l  p r o f i l e  and a l i g n m e n t .  P r o ­
f i l e  d a t a  o b t a i n e d  t h i s  way w i l l  be used t o  meet long rang e  g o a l s .  
From a c t u a l  p r o f i l e  d a t a ,  midchord p r o f i l e  d a t a  can be d e r i v e d  f o r  
co m p a r is o n  w i t h  measured midchord d a ta  (10  f o o t  beam ).  In  a d d i t i o n ,  
62 f o o t  chord  d a ta  can be computed f o r  com parison  w i t h  IRT S a f e t y  
G u i d e l i n e s .

STATUS;

Data  was c o l l e c t e d  f o r  v e r t i c a l  a c c e l e r a t i o n  o f  th e  j o u r n a l  
b oxes  on one a x l e  and th e  l a t e r a l  a c c e l e r a t i o n  o f  th e  a x l e .

P r o c e s s i n g  o f  t h e s e  d a t a  w i l l  i n c l u d e  th e  f o l l o w i n g :

1 .  Computation o f  th e  p r o f i l e  o f  th e  r a i l s  u s i n g  th e  
v e r t i c a l  a c c e l e r o m e t e r s .

2.  Computation o f  th e  r a i l  a l ig n m e n t  u s i n g  th e  l a t e r a l  
a c c e l e r o m e t e r  and th e  c a p a c i t a n c e  gage p robe  o u t p u t .

T h i s  p r o c e s s i n g  w i l l  be c a r r i e d  out as p a r t  o f  th e  TSC s o f t ­
ware development e f f o r t  and th e  r e s u l t i n g  d a ta  w i l l  n o t  be i n c l u d e d  
as p a r t  o f  t h i s  r e p o r t .

D-3



Test Description ■
It would be expected that irregularities in rail profile and 

alignment are randomly distributed in wavelength and amplitude with 
the exception of periodic irregularities at a wavelength equal to 
the distance between joints in jointed rail. Experience has shown 
that one accelerometer does not have sufficient dynamic range to 
sense all irregularities, of interest. Therefore, two accelero­
meters are used to measure the accelerations of each point of 
interest. To measure higher frequency and higher magnitude accel­
eration, piezo accelerometers are rigidly attached to the top of 
the casting housing each journal of one axle. Vertical and lateral 
accelerations are measured at each location. An accelerometer 
mounting block is attached (with epoxy adhesive) to each journal 
box and the accelerometers are bolted to the mounting block. The 
mounting of the low frequency servo-accelerometers is somewhat more 
complex. A short beam is rigidly attached to the journal box 
casting. This beam is located alongside the wheel and just out­
board of it, as shown in Figure 2-1. To this beam is bolted a 
vibration isolator (mechanical filter) accelerometer mount. A sen­
sitive servo-accelerometer is bolted to the "sprung mass" portion 
of the mounting assembly. The servo-accelerometer mount used on 
the right side is shown in Figure 2-1. The corresponding servo- 
accelerometer mount used on the left side contains one design de­
ficiency that will be removed on subsequent design modifications: 
that is that any rotation of the sprung mass is sensed as vertical 
and lateral accelerations. Both vibration isolators are "center- 
of-gravity" mounts which tend to minimize the coupling of vibra­
tions from one mode to another.

The selection of the frequency range and "g" range for the 
low frequency servo-accelerometers is predicated on a few simplify­
ing assumptions. First, it is assumed that, the low frequency ac­
celerometers will be investigating rail anomalies whose wavelengths 
are between 3 and 150 feet. Then, for analytic simplicity, it is 
assumed that the perturbations in rail contour are sinusoidal in 
form. This permits relating wavelength, speed, frequency, acceler-
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ation, and peak deviation as shown in Figure D-l. This figure shows 
that to sense perturbations whose wavelengths are between 3 and 
150 feet, at 20 mph, the frequency range from 0.2 to 10 Hz must be 
covered. A 1 g peak acceleration capability would permit the ob­
servation of the effects of peak deviations from 0.1 over 100 inches, 
depending on wavelength.

An area of current development at TSC is that of designing 
the best mechanical filter for the low frequency accelerometer 
mount. The filter must represent the best compromise between ade­
quate shock isolation for the accelerometer, faithful signal trans­
mission in the pass band, and signal attenuation outside the pass 
band. Further, the mount must minimize the coupling between the 
different modes of vibration. The mechanical filter mounts used 
for these tests represent only a first attempt toward a- solution 
of this problem.

Instrumentation
The accelerometers used to measure the high frequency vibra­

tions were Columbia Model 704 piezo accelerometers. Endevco 
Model 2642M26 charge amplifiers were used to scale the accelero­
meter output.

The low frequency accelerometers were Kistler/Endevco QA- 
116-15 Q-Flex servo-accelerometers. Endevco SC-116-2 "g" monitors 
were used as scaling amplifiers for the servoaccelerometers.
During the first part of the week, Lord 100PDL-1 vibration isola­
tors were used in the mechanical filter accelerometer mount. These 
isolators used a natural rubber elastomer. The acceleration fre­
quency response for the 100 PDL-1 is shown in Figure D-2. This 
figure shows that the accelerometer mount, with 100 PDL-1 isolators 
installed, resonated at approximately 16-17 Hz and showed a re­
sonant transmission peaking of around 10. For the December 14 
(Thursday) and December 15 (Friday) runs, Lord HTO-1 vibration 
isolators were substituted. These use the Lord BTR elastomer which 
provides a higher damping coefficient than natural rubber. With 
the HTO-1 isolators installed, the accelerometer mounts display a
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vertical acceleration resonance that varies from 40 to 85 Hz de­
pending on amplitude. The output of each low-frequency acceler­
ometer scaling amplifier is passed through an electrical band pass 
filter having a pass band from 0.2 to 10 Hz. The band pass filter 
consists of a cascaded combination of high pass, and low pass 
filters. The high pass filter is a.Frequency Device Inc.,
Model 709H4L 0.2 Hz, 4-pole Bessel filter. The low pass filter is 
an Analog Devices, Inc., Model 730LTI 10 Hz, 4-pole Bessel filter. 
The frequency response for a 10 Hz 4-pole Bessel low pass filter 
is shown in Figure D-2. It can be seen that most, but perhaps not 
all, of the resonant peaking of the 100 PDL-1 isolator configura­
tion is attenuated by the electrical filter.

Test Procedure
1. Since accelerometer calibration must be done in the 

laboratory using a shake table, the daily on-site 
calibration consists of turning on the accelerometers 
and manually actuating the vibration isolation mounts 
and monitoring the output signals.

2. To facilitate statistical analysis of the data, con­
stant speed runs at 20 and 40 mph were specified. How­
ever, 40 mph could not be maintained consistantly. 
Constant speed runs.of about 25 mph were used for the 
test.

Data
Representative journal box accelerometer data are shown in 

Figures D-3 and D-4 for samples of data including both rough and 
smooth track. The data is for the east-bound track of the High­
land Branch from Signal 49, through Newton Highlands station, to 
Signal 47. The track from Signal 49 to Newton Highlands Station 
is fairly rough, while track through the station to Signal 47 
is comparitively smooth. This track was traversed at approximately 
25 miles per hour.
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In o r d e r  t o  i n t e r p r e t  t h e  r e c o r d e d  d a t a ,  the  f r e q u e n c y  r e ­
sponse  o f  th e  o s c i l l o g r a p h i c  c h a r t  r e c o r d e r  must be c o n s i d e r e d .
The f r e q u e n c y  re s p o n s e  +_2% o f  f u l l  s c a l e  i s  dc t o  100 Hz f o r  10 
d i v i s i o n s  double  a m p l i tu d e .  F re q u e n c y  c o n s t r a i n t  was imposed on 
th e  p ie z o  a c c e l e r o m e t e r  d a t a  t o  re d u ce  th e  magnitude o f  th e  b l u r  
around th e  zero  g l i n e  on t h e s e  c h a r t  r e c o r d s .  The p i e z o  s i g n a l s  
were p as s e d  through 1 - 8 0  Hz band p a s s  f i l t e r s  p r i o r  to  r e c o r d i n g  
on th e  c h a r t s .  Each o f  t h e s e  f i l t e r s  c o n s i s t e d  o f  1 Hz, s i n g l e ­
p o l e ,  RC h ig h  pass  f i l t e r  i n  tandem w i t h  a 80 Hz, f o u r - p o l e ,  
B u t t e r w o r t h  low -pass  f i l t e r .  The c h a r t  d r i v e  a x i s ,  ( a b s c i s s a )  i s  
p r o p o r t i o n a l  t o  th e  d i s t a n c e  t r a v e l l e d .  The d i s t a n c e  s c a l e  a lo n g  
th e  a b s c i s s a  o f  t h e s e  two f i g u r e s  (D-3 and D-4)  i s  2 . 5  f e e t  
t r a v e l e d  p e r  m i l l i m e t e r  or minor d i v i s i o n  o f  c h a r t  m o t io n .  The 
t r a c e  between th e  speed and a u t o m a t i c  l o c a t i o n  d e t e c t o r  c h a n n e l s  
i s  a one second t ime i n t e r v a l  mark.

For  th e  run from which th e  d a t a  o f  F i g u r e  D-3 was t a k e n ,  th e
low f r e q u e n c y  a c c e l e r o m e t e r s  were mounted u s i n g  Lord 100PDL-1 ,  low
f r e q u e n c y  (16 Hz) ,  low damping (T =10)  , v i b r a t i o n  i s o l a t o r s .max
What seems to  predom in ate  i n  th e  low f r e q u e n c y  v e r t i c a l  a c c e l e r ­
om eter o u tp u t  i s  the  t r a n s i e n t  r e s p o n s e  o f  th e  v i b r a t i o n  i s o l a t e d  
mount to  a t r a i n  o f  a c c e l e r a t i o n  p u l s e s .  These  p u l s e s  a r e  o b s e r v e d  
to  o c c u r  a t  s p a c in g  i n t e r v a l s  o f  a p p r o x i m a t e l y  33 f e e t ,  and a r e  
presumed t o  be s o f t  (o r  low) s p o t s  in  th e  b a l l a s t  a t  th e  p o i n t s  
where th e  r a i l  j o i n t s  were p r e v i o u s l y  w eld ed.  S i n c e  th e  t r a n s i e n t  
r e s p o n s e  o f  th e  i s o l a t i o n  mount o b l i t e r a t e s  much o f  th e  t r a c k  
a c c e l e r o m e t e r  d a t a ,  i t  i s  c o n c lu d e d  t h a t  u se  o f  a low damped, low 
f r e q u e n c y  v i b r a t i o n  i s o l a t i o n  i s  n o t  a p p r o p r i a t e  f o r  t h i s  a p p l i c a ­
t i o n .  The - 0 . 2 5  g b i a s  shown i n  th e  r i g h t  j o u r n a l  box v e r t i c a l  low 
f r e q u e n c y  a c c e l e r o m e t e r  d a t a  i s  c a u s e d  by a d e t e r i o r a t i n g  o s c i l l o ­

graph pen motor d r i v e  a s s e m b ly .

F i g u r e  D-4 shows j o u r n a l  box a c c e l e r a t i o n  d a ta  from a run 
ov e r  th e  same s e c t i o n  o f  t r a c k  a t  a p p r o x i m a t e l y  the  same s p e e d ,
25 mph, b u t  w i th  Lord HTO-1 v i b r a t i o n  i s o l a t o r s  used i n  th e  low 
f r e q u e n c y  a c c e l e r o m e t e r  mounts .  The HTO-1 i s o l a t o r s  p r o v i d e  a 
r e s o n a n c e  f r e q u e n c y  o f  40 t o  85 Hz, depending on a m p l i t u d e ,  and a
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transmissability at resonance of Tmax from 2.8 to 8, depending on 
amplitude. Figure D-4 shows that the transient response of the 
vibration isolated mount to a pulse of acceleration damps out 
within one cycle. Comparison of the peaks in the piezo and servo 
accelerometer data for the same axis of the same journal box shows 
the additional attenuation achieved by the added filtering used 
for the low frequency accelerometers. In fact, the piezo acceler­
ometer data is significantly attenuated by the frequency response 
of the oscillographic chart recorders and the 80 Hz low pass 
filter. Monitoring the right journal box vertical piezo acceler­
ometer data for the same section of track and the same run depicted 
here indicates that the larger pulses shown here actually approach 
20 g in magnitude.

Between pulses, a ripple of periodic nature is indicated.
It has an amplitude of 0.1 g and a typical wave length of about 
six to eight feet. At 25 mph, this translates into a frequency 
of about four to five Hz.
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MBTA GREEN LINE TESTS, RIVERSIDE BRANCH 
DECEMBER, 1972

SEQUENCE NO. 12-72-604 
PROCEDURE NO. PCC-PN-5002-MBTA

OBJECTIVE:
To measure vibrations in the car that would be experienced by 

a standing passenger on a PCC car on the Riverside Branch of the 
Green Line prior to initiation of track rehabilitation. These 
data subsequently will be compared'with ride roughness data col­
lected on a PCC car on fhe rehabilitated track. A similar compari­
son will be made with the new cars to be purchased as replacements 
for present rolling stock.

STATUS
Ride roughness data was sucessfully recorded for several runs. 

A representative run is presented in this appendix.
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Test Description ,
Passenger ride roughness is measured using servoaccelero- 

raeters to measure the linear accelerations in three orthogonal 
directions of a plate resting on three conical points on the floor 
of the car. Since, in general, peak accelerations are consider­
ably less than lg, the sensor block is not expected to lift off the 
floor. Although linear accelerations are all that are required to 
define passenger ride roughness, angular acceleration data was 
also recorded to permit a more complete dynamic analysis of car 
body motions. Angular accelerations were recorded in each of three 
orthogonal planes. The ride roughness sensor plate was located on 
the centerline of the car, so that the sensors were 2 inches ahead 
of the center of the left side door. This location puts the ride 
roughness sensors 7*9" aft of the front truck pivot and 15* forward 
of the rear truck pivot.
Instrumentation

The linear accelerometers are a tri-axial package of Systron- 
Donner linear servo-accelerometers, model no. 5603-P2. The output 
voltage scale of these is 5 volts/g.

Angular accelerations were measured using Schaevitz angular
servoaccelerometers, model no. ASMC 40-50. The operational ampli-' 2 fier scaling the accelerometer output yielded 0.96 volts/rad/sec2on the high gain setting and 0.48 volts/rad/sec on the low gain 
setting.

Test Procedure
Since both types of accelerometers were of recent purchase, 

the manufacturers calibration was accepted.
Data was taken on both constant speed runs at 20-25 mph and 

30 mph and on revenue speed profile runs.

Data ,
Figures E-l and E-2 represent a ride roughness survey of the 

Green line from Riverside to Lechmere and return. The outputs
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from the ride roughness linear accelerometers are filtered by the 
1 to 80 Hz bandpass filters described in Appendix D. The filter 
outputs are then fed into rms processor modules (Intronics model 
R310) having an averaging time contant of one second. The rms 
values of filtered ride roughness accelerations are plotted in 
Figures E-l and E-2. A qualitative presentation of the correla­
tion between track roughness and ride roughness is achieved by 
showing the rms acceleration sensed by the left journal box verti­
cal piezo accelerometer. The recorded accelerometer signal is fed 
directly to an HP 3400A true-rms (thermocouple type) voltmeter.
The output of the HP 3400A is inverted with a unity gain operation­
al amplifier to provide the proper polarity for recording. In 
making comparisons between the journal box vertical piezo acceler­
ometer and the vertical ride roughness accelerometer, consider that 
1) the rms characteristics of the HP 3400A differ form the Intronics 
R310 and 2) the ride roughness signal was filtered before being rms 
processed, while the journal box acceleration signal was not.1

Note that when the train stops, the journal box acceleration 
signal goes to zero, as expected, but the ride roughness vibration 
does not. This residual 0.03 to 0.04 g rms residual vibration 
level is presumed to be caused by machinery on board the car and/ 
or by test crew or passengers walking around while the car is 
stopped. On board machinery would include the gasoline powered 
generator that was operated only while the test car was above 
ground (out of the tunnel).

In Figure E-l there is one place, near Park Street station, 
where the traces make a large pulse. This is caused by the tape 
recorder being turned off. In Figure E-2, the tape recorder went 
off five times. Two of these times the tape recorder was turned 
off when the train stopped. The other three times, the tape 
recorder stopped itself while the train was moving and data was 
lost.

The distance scale on Figures E-l and E-2 is one millimeter 
or minor division on the chart equals 100 feet traveled by the 
test car. The time marks on these two charts show 10 second 
intervals.
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Figure E-3 and E-4 show samples of the data from Figure E-l 
but with the distance scale expanded by a factor of ten. That is, 
one millimeter or minor division equals 10 feet of travel. Ten 
second time marks are shown on this chart also. Figure E-3 shows 
ride roughness data from the eastbound track between Waban and 
Newton Highlands. Figure E-4 shows similar data from the eastbound 
track in the tunnel between Auditorium and Park Street. Most of the 
Automatic Locating Device (ALD) blips in this latter figure are 
from rail at a turnout passing under the ALD probe. The pavement 
at Park Street is the cause of the last ALD blip.
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MBTA GREEN LINE TESTS, HIGHLAND BRANCH 
DECEMBER 1972

SEQUENCE NO. 12-72-605 
PROCEDURE NO. PCC-PN-5002-MBTA

OBJECTIVE:
To measure noise levels inside a PCC car traveling on the 

Highland Branch of the MBTA Green Line prior to initiation of 
track refurbishment. The data will subsequently be compared with 
levels measured in a PCC car on the refurbished track and with noise 
levels to be measured on new cars being purchased as part of the 
refurbishment program.

STATUS:
Noise level data was recorded on four runs, essentially two 

round trips emanating from the Riverside Station on the Highland 
Branch of the MBTA Green Line. A graphic recording of the noise 
level history is presented for a representative run. Statistical 
analyses for all four runs have been performed. One-third octave 
analyses of selected representative events have been performed.

The data was collected at typical revenue speeds which never 
exceeded 40 miles per hour. The noise level ranged from 67 dBA, 
when stopped at stations, to 106 dBA. The maximum level generated 
was the result of a "wheel squeal" during a short period between 
Government Center Station and the Park Street Station.

The data collection and processing used in this test utilizes 
proven technology on the TSC noise program.
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Test Description
One microphone was set up in-car at a point centered over the 

front wheel trucks, thirty inches from the side of the car on the 
driver's side, and at a height of four feet off the floor approxi­
mately at ear level to a seated passenger. The "flat" unweighted 
analog signal was recorded on a magnetic tape recorder.

Noise data was recorded during four runs, essentially two 
round trips on the Highland Branch of the Green Line, as follows:

Run 1 - Newton Highlands to Lechmere Stations
(gasoline generator ON)

Run 2 - Lechmere to Riverside Stations
(gasoline generator ON)

Run 3 - Riverside to North Stations
(Simulated revenue run, gasoline generator 
OFF)

Run 4 - North Stations to Riverside Station
(Simulated revenue run, gasoline generator 
OFF)

Instrumentation
Figure F-l depicts the noise data gathering equipment. A 

B § K model 4134 condensor microphone with the B 5 K model 2203 sound 
level meter comprise the basic acoustic measuring system. The 
sound level meter, mounted on a tripod, was strapped to a bar and 
attached to a seat in the car. The noise level data was recorded 
on a Nagra IV-S stereo tape recorder operating at 7 1/2 inches per 
second. The measuring system, with essentially a flat response 
from 25Hz to 18 KHz, has a dynamic range of 50dB.

The configuration of the noise data reduction system is shown 
in Figure F-2. The prerecorded noise data was reproduced and fed 
to a General Radio (GR) 1921 Real Time Analyzing System made up of 
a GR 1925 Multifilter and a GR 1926 Multichannel RMS Detector.
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The  GR 1 9 2 5  m u t l i f i l t e r  c o n t a i n s  a s e t  o f  30 p a r a l l e l  1 / 3 -  

o c t a v e  b a n d  f i l t e r  c h a n n e l s  r a n g i n g  f r o m  2 5H z  t o  2 0 k H z ,  p l u s  

a d d i t i o n a l  c h a n n e l s  w i t h  s t a n d a r d  " A " ,  " B , "  a n d  " C "  s o u n d - l e v e l  

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

f r e q u e n c y  r e s p o n s e  " F " .  Th e  o u t p u t  o f  t h e  ,rA "  w e i g h t e d  c h a n n e l  

w a s  s e l e c t e d  a n d  f e d  t o  t h e  G r a p h i c  L e v e l  R e c o r d e r  t o  p r o d u c e  a 

c h a r t  o f  n o i s e  l e v e l  v s .  t i m e  ( t i m e  h i s t o r y )  o f  a l l  r e c o r d e d  d a t a .  

A l l  34  o u t p u t s  f r o m  t h e  m u l t i f i l t e r  w e r e  f e d  i n t o  t h e  m u l t i c h a n n e l  

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

rm s  ( r o o t  m ean  s q u a r e )  l e v e l  f o r  e a c h  c h a n n e l  a n d  c o n v e r t s  t h i s  

l e v e l  t o  a d i g i t a l  o u t p u t .  S i n g l e  i n t e g r a t i o n s  o r  m e a s u r e m e n t  

p e r i o d s  a r e  a d j u s t a b l e  f r o m  1 / 8  t o  32  s e c o n d s .

S p e c i a l  s e l e c t e d  e v e n t s  w e r e  a n a l y z e d  i n  d e t a i l  f o r  t h e i r  1/3  

o c t a v e  b a n d  f r e q u e n c y  s p e c t r a  u s i n g  t h i s  e q u i p m e n t  a n d  t h e  GR 1 5 2 2  

d c  R e c o r d e r  w h i c h  i n  c o n j u n c t i o n  w i t h  t h e  GR 1 9 2 6  M u l t i c h a n n e l  RMS 

D e t e c t o r  p r o v i d e s  a h a r d  c o p y  b a r  g r a p h  o f  l e v e l  ( d B )  v s  1 / 3  o c t a v e  

f r e q u e n c y  b a n d s  f r o m  25H z  t o  2 0 k H z ,  i n c l u d i n g  t h e  f l a t  ( F )  a n d  " A "  

w e i g h t e d  o u t p u t s .

A  s t a t i s t i c a l  a n a l y s i s  o f  t h e  m e a s u r e d  n o i s e  w a s  o b t a i n e d  b y  

p r o g r a m m i n g  t h e  d e t e c t o r  t o  i n t e g r a t e  f o r  l / 8 t h  s e c o n d ,  c o m p u t e  t h e  

dB  v a l u e  o f  t h e  " A "  w e i g h t e d  f i l t e r  o u t p u t ,  a n d  p r o v i d e  a b i n a r y  

c o d e d  d e c i m a l  s i g n a l  t o  t h e  W ang  C o m p u t i n g  C a l c u l a t o r  e i g h t  t i m e s  

e v e r y  s e c o n d .  The  c o m p u t e r  c o u n t e d  a n d  t o t a l e d  t h e  n u m b e r  o f  

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

w a s  e n t e r e d  i n t o  a t i m e - s h a r e d  c o m p u t e r  t o  p r o d u c e  t h e  s t a t i s t i c a l  

a n a l y s i s  p r i n t o u t s  c o n t a i n e d  i n  F i g u r e s  F - 3  t h r o u g h  F - 6 .

T h e  s t a t i s t i c a l  a n a l y s e s  c o n t a i n  a p r o b a b i l i t y  d i s t r i b u t i o n  

o f  n o i s e  l e v e l  ( d B A )  v e r s u s  t h e  p e r c e n t  o f  t i m e  t h e  l e v e l  i s  e x ­

c e e d e d  ( p e r c e n t ) .  I n  a d d i t i o n ,  a h i s t o g r a m  i s  p r e s e n t e d  o f  t h e  

l e v e l  ( d B A )  v e r s u s  t h e  f r e q u e n c y  o f  o c c u r a n c e .

S e l e c t e d  i n d i c e s  w e r e  a l s o  c a l c u l a t e d  a n d  t a b u l a t e d ,  e . g . ,  

a v e r a g e  n o i s e  l e v e l ,  s t a n d a r d  d e v i a t i o n ,  e n e r g y  m ean  [ L ( E 0 ) ] ,  

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

t h e  N o i s e  P o l l u t i o n  L e v e l  a n d  W a l s h - H e a l e y  E x p o s u r e  i n d e x .
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t i f t

7 0  7 5  8 0  8 5

L E V E L  D P A

L F V F L C D F A )  V S  P F H C F V T  5 f  T I M E  L E V E L  E X C E E D E D

V

9 0

Run No. 1 Newton Highlands to Lechmere-Gasoline gen. On

Figure F-3 Noise Data
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PAGE 2
( R U N  N O . 1 F C O N T I N U E D ) T H U  1 2 /

1 9  A 0  ' S A M P L E S = 1 5 3  AO
1 9  5 0 A V F h A G E = 6 0 . 7  D B A
1 9  4 0 S T A N D A R D  D E V I  A T I 0 N  = 5 .  A D B A
4 9  3 ' 0 L ( E G ) = 8 3 . 4  D B A *
2 9 9  2 0 N O I S E  P O L L U T I O N  L F V E L = 9  7 . 7  D B
A 7 9 1 0 0 L  1 = 9 0 . 7  D B A * *
1 7 4 9 0 0 0 0 L  1 0  = 8 7 . 6  D B A
3 2 0 6 9 0 0 0 0 L  5 0  = 3 2 . 4  D B A
5 R 0 8 8 0 0 0 0 0 0 0 L  9 0  = 7 2  D B A
8 8 5 8 7 0 0 0 0 0 0 0 0 0 0 L  9 9  = A 8 .  5  D B A
1 0 4 7 R  A 0 0 0 0 0 0 0 0 0 0 0 W A L S H  H E A L E Y  F X P . = 2 .  A 5?
1 2 2 0 8  S 0 0 0 0 0 0 0 0 0 0 0 0 0 R A N  0 E = 3 0  D B
1 4 0 8 8 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 4 4 8  3 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 1 4 8 2 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 0 4 8 1 0 0 0 0 0 0 0 0 0 0 0 0
R O O 8 0 o o o o o o o o o

7 A 2 7 9 0 0 0 0 0 0 0 0 0
A 0 2 7 8 0 0 0 0 0 0 0

4  5 7 7 7 0 0 0 0 0 0

4 2  A 7  A 0 0 0 0 0
4 4 R 7 8 0 0 0 0 0
3 A R 7 4 0 0 0 0 0

3 1 7 7 3 0 0 0 0

3 3 R 7 2 0 0 0  0  t-

2 9 7 7 1 0 0 0 0
3 6 9 7 0 0 0 0 0 0

5 7 7 A 9 0 0 0 0 0 0 0

2 S 2 A 8 0 0 0 0

2 7 A 7 0

, 1 AA 0

P I  S T . D B A 0  1 0 2 0  ' 3 0

F R E Q U E N C Y  O F  O C C U R R E N C E  ( P E R C E N T )

L E V E L  ( D B A )  V S  E R F Q U F N C Y  O F  O C C U R R E N C E  ( P E R C E N T )

D B A  -  A - V E I ' G H T F D  D E C I B E L S  R E -  2 0  M I C R O N E W T O N S  P E R  S Q U A R E  M E T E R  

* - L ( E Q )  -  M E A N - S Q U A R E  A - W E I G H T E D  S O U N D  L E V E L .  ■

* * - L ( X )  -  L E V E L  F X C F E D E D  ( X )  P E R C E N T  O F  T H E  T I M E *

Figure F-3 Noise Data (Continued)
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1 H M 18/81/72
11:37

U S  P ^ P A H T M F M l  O F  T h A M  S P O R T A T  I 7M 

T R A M S P 9 P T A T 1 O M  S  i  S 7  F M S  0  F M 1 F r  

MO l  55 F  A S S F S S X F M T  F H J H P

MO I F F  r » A T A  F R O M  P ' N  MO p  O F  T H F  P O R T A B L E  M l i S ^  S T A T I O M  OM

n r r  \ $  1 9  7 9  F R O M  1 1 :  1 4  T O  1 2 : 0 2 .  I M  Mp T A  O h F F M  L I M F  P A R  M l  3 2 9 A F R O M  

L F P W M F P F  T O  P I V F R S I D F .  P F M F P A T O P  OM

\ / * >  c r r O M D  I M T F F R A T I O M S »  3  P ^ R  S F ^ O M D )

• » • »

L  9 9 .  F  s  * 9 * 9  *

L  9 9 •  =  7 0 . 2  *

L  9 5 .  =  7  1 . 9  *

I .  9 0 .  =  7 4 . S

L  3 0 .  =  7 * .  9

L  M .  =  7 9

1. 9̂. = 32. 1
T, 4 3 .  =  3 P .  A

L  3 P .  =  3 4 . ^

L  2 0 .  =  3 * .  1

L  1 0 .  =  3  7 . 7

L  S .  a  3 3 . 7

*
¥

*

4c
it

+
4c

4c

*

L  1 .  =  9 0 . S  

f .. . S  =  9  1 . 3 » • • •
7 0  7  5  . *40 3 ^

L ^ V F L  OF- A

L F V F L ( n p a )  V S  P F H P F M T  I F  T I M ^  L F V ^ L  F < n F F D F D

Run No. 2 Lechmere to  R iv e rs id e -G a s o lin e  gen. On

F ig u re  F -4  N oise  D ata

4c

*
t

9 0
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r ’ b n v  p

c Tim no ?  o n t i n u m o  H ' l  i p / p i / 7 p

1 1 0 0 0 SAM PL F S = P 3 0  4  0
1 1 0 P 9 A V F R A F F = 8 1 . 1 DFA
1 101 0 STANDARD DEVI A 1 1 ) N = S DFA
1 1 0 0 0 L ( E Q ) = 8  3 .  5 D^A*
1 9 9 9 N O I S E  P OLL UT I ON L F VFL = 9 A • 3 DP
1 9 3 0 L 1 = 9 0 .  S D F A * *
3 9 7 0 L 10  = 3 7 .  7 DFA
3 9 A 0 L SO = 3 P • 3 DFA
A 9 S 0 L 9 0  = 7 4 .  3 DFA
7 9  A 0 L 9 9  = 7 0 .  P DFA
10 9 0 0 VALSri  3FALFT'  F X P . = P . 3  7
P9 9 P 0 ?;ANOf = 3 S DP
A 9 9 1 9 0
PO0! 9 0 0 0
M 3 3 9 0 0 0 0
1 0  A/; 3 3 0 0 0 0 0 0 0 0
1 P 9 * 3 7 0 0 0 0 0 0 0 0 0 0
1 Zj AZj 8 * 00000000000
1 A9 a 3 S 0 0 0 0 0 0 0 0 0 0 0 0
2 0 P 0 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 9 3  S 3 3 00000000000000
1 7 P 0 3 P 0 0 0 0 0 0 0 0 0 0 0 0
1 4 3 0 8 1 00000000000
1 1 P 7 3 0 0 0 0 0 0 0 0 0
9 A A 7 9 0 0 0 0 0 0 0
1 1 7 * 7 3 0 0 0 0 0 0 0 0 0
1 4 P 4 7 7 0 0 0 0 0 0 0 0 0 0
1 S 9 3 7A 0 0 0 0 0 0 0 0 0 0 0 0
8 0 7 7 S 0 0 0 0 0 0
4 3 P 7 4 0 0 0 0
3 4  3 7 3 0 0 0
0 9  0 7 P 0 0 0 0
AQ A 71 0 0 0 0 0
4 7 3 7 0 0 0 0 0
1 13 * 9 0 0
8 A3 0

DT S T . n^A 0 10 PO 3 0
FFFQTTFMTY OF OCCURRENCE ( P F R C F N T )

L F V F L  C n ^ A)  VS FREQUENCY OF OCCURRENCE ( P E R C E NT )

D^A -  a - V M R H T M )  D F C I R F L S  HE-  PO Ml CRONFVTOMS P F R  SQUARE METER 
* - L C F Q >  -  MEAN-SQUARE A - V F I  C 4 T F P  S O I ND  L E V E L .
* * - L ( X ) -  L E V E L  EXCEEDED CX)  P ER C E NT  OF THE 1 I M F .

F i g u r e  F - 4  N o i s e  D a t a  ( C o n t i n u e d )

F - 1 2



T.3UPS PFPART-XFMl OF 3 HAMS PORI AT I ON' 
TrAMSPORTATION STSTFXS CFM3FH 

MO I SF ASSFSSMFMT CROUP

lS/gJ/72 
1 1: 43

MOISF RATA FROM RUM Ml. 3 OF THF, PlRTARLE MOI SE SIAHOM.OM
RFC 14 1973 FROM 09:07 TO 09:47. IM MPTA PHEEM LIME CAR MO 3294 FROM 

RIVFRS1PF TO M STATIOM ( UMPFR) . RFVFMUF SPFFp RROFILF.COFM IFF)
, J/8 S.FCOMD 1M1FCHATI OMS. 8 PF.K SECOND)

5 I f » •
I, 99. 8 = A9.3 *
L 99. = A9 . 7  * .

I. 9 3. = 71.1 *

L 90. = 73.3 *

L 30. = 79.1 .

L A3. =; 3 1. 8

L 82. = 33.4
I:. 43. = 3 3.3

l. 33. = 3 3.8

L 30. = 38.9

L 10. = 38. A ■ . '

I. 8. = 39.7

*

*

**

*

*

*

*

L 1. = 91.3
L .8 F 93,A • • 1

. 7Q 78 :
LEVEL DPA

. 80. 35

LEVFLCPPA) VS PFRCFMT OF TIMF LFVFL EXCEEDED

Run ]No. 3 R i v e r s i d e  t o  N o r t h  S t a t i o n - G a s o l i n e  gen O f f

F i g u r e  F - 5  N o i s e  D a t a

F - 1 3



P A P ^  P

CP'TM MO. 0 C O M T I M » ^ . n  THU 1 P / P 1 / 7 P

p 9 9 9 S A " ! P L F S = 1 9 POO
s 9 0 0 A VFR Af3F= OP.  1 DP A
A 9 7 0 STAMDARD V*VI ATI  1 M= S .  3 DP A
7 9 * 9 L C F G ) = 3 A.  A DFA*
3 9 S 0 M 3 1 S F  P 9 L L U T I 9 M  L F V F L = 9 0 .  P DP
I P 9 A 0 L 1 = 9  1 . 0 DPA*  *
P I 9 3 9 L 1 0  = 0 0 .  * DPA
9 P 9 P 9 9 L  SO = 0 3 .  * DP A
P P1 9 1 0 9 9 L 9 0  = 7 3 .  P DPA
3 9  S 9 0 9 9  9 9 L 9 9  = * 9 . 7 DPA
71  1 0 9 9 9 9 9 9 0 9 V/ALS4 HFALFY F X P . = *  7
9 9 0 0 0 9 9 9 9 9 9 9 0 9 RAMPF- 3 P  DP
1 P S 9 0 7 9 9 9 9 0 9 0 9 9 9 9
1 SO 3 0 * 9 9 9 9 9 0 9 0 9 9 9 9 0
1 7 * 0 OS 9 9 3 9 9 9 9 9 0 0 9 9 0 0 9
10 11 0 A 9 9 9 0 0 9 9 9 9 3 9 0 0 3 9
1 7 0 0 0 0 9 9 9 9 9 9 9 9 9 9 9 0 9 9 0
1 * 7 0 OP 9 9 0 0 9 9 9 9 9 0 9 0 9 3
1 APP 0 1 9 9 9 9 0 9 9 9 9 9 9 9
9 * 7 0 0 9 0 9 9 9 9 9 9 9
7 0 S 7 9 0 0 9 9 9 9 9
A9 1 7 3 9 9  9 9 9
0A9 7 7 9 0 9 9
P * S 7 * 9 9  0
PO A 7 S 9 9 9
PAO 7A 9 9 9
P9  A 7 0 9 0 9
AP S 7 P 9 0 0 9
s  SO 71 9 0 9 0 0
* 0 9 7 0 9 0 9 9 9 9
PA9 * 9 0 9 0
17 * 0 0
0 * 7 9

m  s t . OP A 0 1 0 PO 3 0
F R F O T^ M r Y  OF OnOURRFMCF C PFRCF'M7 )

L F V F L  ( DPA) VS FPFGUFMCY OF ODC URRFMDF ( P F R C E M 7 )

DPA -  A-V**I  P H T F P  P F O I P F L S  R F -  PO M I T  ROM FV TOM S PF.R SQUARE MF T F R  
* - L  ( r P )  -  mttaM- SQTTARF A - V F I  P HTF D SOUMD L F V F L .
* * - L ( X )  -  L ^ V ^ L  F X r F F P F D  CX)  P F P C F M T  OF THF T I ME *

F i g u r e  F - 5 N o i s e  D a t a  ( C o n t i n u e d )

F - 1 4



THU 12 / 21/7 2
la: 07

US DFPAHTXFMT OF TFAM SPOhTAT I OM 
TKAMSP1RTATI0M STSTFMS CF.MTFH 

MO I SF ASSFSSMFMT BIO UP
MOJ.SF DATA FPOM FUN MO A OF THF POr.TApLF MOISF. STAUJM OM
nrr l/j 1972 FROM 09:37 TO 10:39. IM MPTA RhFFM LIMF OAh MO 3294 Fr.OM 

M STATIOM CUMT-FPl T7 HJ UFhM OF. PFVFMIJF SPFF.P i-HOFILF. C PFM OFF)
1/3 SST-OMD INTFBRA.TI I MS. 3 PFh SECOMD)

• V • • I

t, 99.> = £9 • P *
T, 99. =. *9 . S * .

I, 93. 5 71.1 *

1. 90. =73.1 *

L 30. = 77.fi . *

L *8. = 8Q.1 *

L 32. 
1. A3.

“ 8P./J . * . 
= 8P.9 *

T, 32. c *

L 20. = 8 *. lx *

!. 10. = 87.9 ' +

t 3. =88.9 ■ *

i, i . 
L . 3

-91-1 *
= 92.3 . , *' » ‘ t * » »

70 73 . 30 33 90 
L FVFI„ DP A . •.

■ L̂ VFLCPPA) V? FFRCPMT OF TIMF LEVEL EXCEEDED

Run No. 4 North Station to Riverside - Gasoline Gen. ON 

Figure F-6 Noise Data
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C P 7 t\t MO r O MT I  M’ JFD) 1P'P1 /7PA 'I H M

1 i n s 0 SAM PL F S= PO 1 s o
o 1 0 S 0 AU^HA9F= 3 1 . 3 pp A
1 1 OA 0 STAMPAPD D F V I A T I 9 M  = S .  3 DP A
0 1 0 3 0 L (  FC:) = 3 A DPA*
1 1 0 P 0 M OI S F  P OL L UT I ON  L E V E L * 9 7 .  S DP
p 101 0 L 1 = 9  1 . 1 pPA* %
3 1 0 0 9 L 1 0  = 3 7 . 9 DP A
3 O.) 9 L SO = 3 P • 7 DP A
A 9 3 0 L 9  0 = 7 3 .  1 DP A
1? 9 7 0 L 9 9  = S9 . S DP A

9 s 0 V AL SK HF.ALFY F X P . = 3 .  s  *
13 9 S 0 h A M P F = 3 9  DP
i n 9A 0
9 0 9 3 0
3 3 9 9 0
9 3 9 1 9 0
9 1 £ 9 0 0 0  0
S I P 3 9 0 0 0 0 0
9 3 3 3 3 0 0 0 0 0 0 0 0
1 P PO 3 7 0000000000
1 A * 3 3 A 0 0 0 0 0 0 0 0 0 0 0 0
1 7 SO 3 S 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 S 3 0 3 A 0 0 0 0 0 0 0 0 0 0 0 0 0
1 SA9 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0
1 S 7  A 3 P 0 0 0 0 0 0 0 0 0 0 0 0 0
1 A3A 3 1 oooooooooooo
1 1 7^5 3 0 0 0 0 0 0 0 0 0 0 0
1 1 S 3 7 9 oooooooooo
9 P P 7 3 0 0 0 0 0 0 0 0
S 7 P 7 7 0 0 0 0 0 0A9 n 7 S 0 0 0 0 0
A 3 S 7 S 0 0 0 9
39  1 7 A 0 0 0 0
3 A 3 7 3 0 0 0 0Ain 7 P 0 0 0 0
M  s 71 0 0 0 0 0 0son 7 0 0 0 0 0 0 0
31 s S9 0 0 0
AO S3 0
i S 7 0

ni  S T . dp a n 1 0  PO 3 0
FPFOUPM^Y OF O r r n p P F M O F  ( P F K C F N T )

LFVFL (DPA) US FHFQUFMTY OF OCCUPhFMOF CPFHCFMO) 
n̂ A - A- VFI r-pfTFD OFF I p FL S HF- PO MI CK'OM.FV TOMS PEP SLUAhF ilFTFH*-L(FG) - MFAM-SQUAHF a-vfiohtfd sound lfufl.**-L(X) - LrVFL FXCFFDFD CX) PFHCFMl OF HE TIMF.

F i g u r e  F - 6  N o i s e  D a t a  ( C o n t i n u e d )

F - 1 6



Test Procedure

A ca lib ration  signal was recorded on tape before and a fte r
each run. The ca lib rato r , a General Radio Model #1562A, generates2
an acoustic signal o f 1000Hz at a leve l o f 114 dB re 20|j.N/m . 
Placing the ca lib rator  d irect ly  on the microphone, the signal is 

f i r s t  used to adjust the gain controls of the sound leve l meter 
and tape recorder to u t i l iz e  their optimum range. Then, the c a l i ­
bration signal is recorded to provide an acoustic reference in the 

laboratory for reduction of the data to be recorded.

The tape recorder is turned on and noise data is  recorded 
continuously for each run. At the conclusion of the run the c a l i ­
brator is  again placed on the microphone and the ca lib ration  signal  
recorded to check system s ta b i l i ty .  ^

Data

Figures F-3 through F-6 contain s t a t is t ic a l  data from each 
of the four test runs. The f i r s t  pqge o f the s t a t is t ic a l  data is  
a p robab ility  d istribution  of noise leve l (dBA) versus the percent 

of time during the run that a particu lar  leve l was exceeded. For 
example in Figure F-3, L90=72 means that 90 percent of the time the 

leve l 72dBA was exceeded during Run no. 1. The second page of the 

s t a t i s t ic a l  data is a histogram of the leve ls  measured (dBA), in 

1/8 second increments, versus the frequency of occurance (percent) 
of these leve ls .  Also included in tabular form are calculated  

noise indices.

Figure F-7 is  a graphic, recording of the noise leve l time 

history (dBA vs time) of Run no. 4 which is  representative o f a l l  
four runs. Manually superimposed on th is  chart is  coincident speed 
data obtained from the r a i l  diagnostic system. Stations and events 
of in terest have been identified  on the time history.

Figure F-8 through F-19 contain 1/3 octave frequency spectra  
of data measured at selected points during Run no. 4. The time 
history Figure F-7 has been marked to indicate the point fo r  which 
the spectra applies.
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31.5 50 80 125 200 ' 315 500 800 1.25K 2.0K 3.15K 5.0K 8.0K 12.5K 20 K F ATHIRD-OCTAVE-BAND CENTER FREQUENCY IN Hz
Wheel Squeal  - 11 mph. 
1 2 / 1 5 / 72

Figure F-8 Noise Spectra
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Figure F-10 Noise Spectra
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Figure F-ll Noise Spectra
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60

50

1  s e c o n d  i n t e g r a t i o n

31.5 50 80 125 200 315 500 800 1.25K 2.0K 3.15K 5.0K 8.0K 12.5K 20 K p ATHIRD-OCTAVE-BAND CENTER FREQUENCY IN Hz
Figure F-13 Noise Spectra
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31.5 50 80 125 200 315 500 800 1.25K 2.0K 3.15K 5.0K 8.0K 12.5K 20 K F A
THIRD-OCTAVE-BAND CENTER FREQUENCY IN Hz

S t o p p e d  i n  S t a t i o n ,  S u r f a c e  L i n e
1 2 / 1 5 / 7 2

Figure F-15 Noise Spectra
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31.5 50 80 125 200 315 500 800 1.25K 2.0K 3.15K 5.0K 8.0K 12.5K 20K F A

THIRD-OCTAVE BAND CENTER FREQUENCY IN Hz

Figure F-17 Noise Spectra
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Figure F-19 Noise Spectra
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