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PREFACE

This repo rt presen ts the re su lts  of a se rie s  of engineering te s ts  
carried  out on the Washington M etropolitan Area T ransit Authority (WMATA) 
rapid  t r a n s i t  cars from September 1976 to  August 1977 a t  the Department of 
Transportaton (DOT) Transportation Test Center (TTC), Pueblo, Colorado. 
The te s t  program was sponsored by the Rail and Construction Technology 
Division of the Urban Mass Transportation Adm inistration (UMTA), Office of 
Technology Development and Deployment. The T ransportation Systems Center 
(TSC) acted as program d irec to rs .

The Urban R ail Supporting Technology Program of the Transportation 
Systems Center (TSC), in  accordance with p ro jec t plan agreements with the 
Office of R ail and Construction Technology in  the Urban Mass Transporta
tio n  Adm inistration, Office of Technology Development and Deployment, has 
been conducting research , development, and evaluative te s tin g  e ffo r ts  
d irec ted  toward the in troduction  of improved technology and more e ffec tiv e  
use of -available technology in  the sp ec ifica tio n , design, and production 
of co s t-e ffec tiv e  urban r a i l  veh ic les. As a p a r t  of i t s  te s tin g  program, 
a standard "General Vehicle Test Plan" has been developed fo r the 
evaluation of urban r a i l  veh icles. The event o f the WMATA vehicle  and i t s  
t e s t  program a t  the Transportation Test Center provided an opportunity to 
exercise the GVTP and also  to gather and analyze usefu l data on the WMATA 
v eh ic le .

The program was managed by the DOT, Federal Railroad Adm inistration, 
Test Operations Division a t  the TTC, with general support and data ana
ly s is  and processing provided by Dynalectron Corporation, the Operations 
and Maintenance Contractor a t the TTC. Test conduct and instrum entation 
functions were ca rr ied  out by ENSCO, Incorporated, Dynalectron1s sub
contractor fo r Instrum entation and Test Support.

I t  i s  not the purpose of th is  report to  make comprehensive eval
uations with o ther t r a n s i t  vehicles except fo r d ire c t numerical 
comparisons. I t  is  so le ly  to gather, record, and analyze data p e rtin en t 
to t r a n s i t  veh icle  performance and c h a ra c te r is tic s  in  an accelerated  and 
s ig n if ic an t manner, in  reference to  standardized te s tin g  procedures and 
conditions; and to  make such re su lts  availab le  to  the t r a n s i t  industry  for 
both managerial and engineering purposes. Subsequent e ffo r ts  w ill  lead to 
comparative evaluations of performance of various t r a n s i t  veh ic les.

i i i
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1 . 0 GENERAL PROGRAM DESCRIPTION

1 . 1 INTRODUCTION.

This repo rt presents the re su lts  of a se rie s  of engineering 
te s ts  c a rr ie d  out on the Washington M etropolitan Area T ransit 
A uthority (WMATA) rapid  t r a n s i t  cars from September 1976 to  
August 1977, a t  the Department of T ransportation (DOT), Trans
p o rta tio n  Test Center (TTC) Pueblo, Colorado. The te s t  program 
was sponsored by the Office of Rail and Construction Technology 
in  the Urban Mass Transportation Adm inistration (UMTA), Office 
of Technology Development and Deployment, with the Transporta
tio n  Systems Center (TSC) as program d ire c to rs . TSC supported 
UMTA by providing systems management fo r the Urban Rail Support
ing Technology (URST) Program in  the design, construction , and 
operation of UMTA te s t  f a c i l i t i e s ,  the analysis and te s tin g  of 
veh icles and components, and the development of key technolog
ic a l  da ta . In response to these task s, TSC has been in 
strum ental in  preparing standardized t e s t  procedures, the "Gen
e ra l Vehicle Test Plan" (GVTP) for the evaluation of r a i l  tra n 
s i t  v eh ic le s , using the TTC 9.1 mile (14.6 km) T ransit Test 
Track (TTT) with the objective of providing a common baseline  
fo r the comparative evaluation of rap id  t r a n s i t  vehicles and 
veh icle  systems. The te s t  program reported herein  was conducted 
in  accordance with the guidelines of the GVTP.

The General Vehicle Test Plan (GVTP) fo r Urban Rail T ransit 
Cars, Report No. UMTA-MA-06-0025-74-14, provides a standardized 
system fo r te s tin g , documenting, and u t i l iz in g  data in  the 
te s tin g  of urban r a i l  t r a n s i t  cars . The purpose of the GVTP is  
to  evaluate the to ta l  vehicle performance on a standardized data 
base, to  provide technical information fo r:

o The q u a lita tiv e  analysis of competitive vehicle  systems,

o Id en tify in g  technical areas where research and development 
a c t iv i ty  i s  desirab le ,

o Defining system improvement achieved by research and de
velopment (R & D) e f fo r t ,  and

o M aintaining a data bank for t r a n s i t  properties, and vehicle  
manufacturers planning and developing new t r a n s i t  systems.

The GVTP d e ta ils  te s t  procedures in  e igh t vehicle t e s t  
ca tego ries:

1 . 2 THE GENERAL VEHICLE TEST PLAN.
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o Performance (Propulsion, Control, Braking),

o Power Consumption,

0 Adhesion,

o Noise,

o Ride Roughness,

o Power System In te rac tio n s  (Radio Frequency In te rfe ren ce ),

o S truc tu ra l Dynamics, and

0 Simulated Revenue Service.

1.3 THE WMATA RAPID TRANSIT CAR.

This section  presen ts a general descrip tion  of the WMATA 
Rapid T ransit Car (figu re  1-1) with information p erta in ing  to : 
Car S pecifica tions, Car Body, Trucks and Suspension, Traction 
Motors and Transmissions, Braking System, and Propulsion and 
Control System.

1 .3 .1  Car S pec ifica tions. 

Car Length 

Car Width 

Car Height 

Empty Weight

Seated Passenger Load 

Full Passenger Load 

Crush Passenger Load 

Maximum Speed 

Maximum A cceleration 

Train Consist

75 f t  (22.86 m)

10 f t  1-3/4 in  (3 092 mm)

10 f t  10 in  (3 302 mm) from top of r a i l

A-car 72,000 lbs (32 658 kg)
B-car 72,000 lbs (32 658 kg)

80 persons

175 persons

220 persons

75 mi/h (120.7 km/h)

3 m i/h/s (4.8 km/h/s)

One p a ir  minimum, to  four p a irs  maximum

T ex t c o n t in u e s  on page  4
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1 . 3 . 2  C a r  B o d y .

T h e  c a r  b o d y  i s  o f  a l u m i n u m  u n i b o d y  c o n s t r u c t i o n  f e a t u r i n g  
a  m a i n  u n d e r f r a m e  o f  a l u m i n u m  b e a m s  a n d  i n t e r c o s t a l s  a t t a c h e d  t o  
t h e  c a r  b o d y  s i d e  s i l l s ;  t h e  e n d  u n d e r f r a m e s  i n c o r p o r a t i n g  t h e  
b o l s t e r s ,  d r a f t  s i l l s ,  a n d  a n t i - c l i m b e r s  a r e  s t e e l  w e l d m e n t s .  
T h e  b o d y  s i d e  w a l l s  a n d  r o o f  e x t e r i o r  p a n e l s  a r e  b r u s h - f i n i s h e d  
a l u m i n u m  e x t r u s i o n s  r i v e t e d  t o g e t h e r  a n d  t o  v e r t i c a l  f r a m e s ■ 

t h e r e  a r e  t w o  e x t r u d e d  a l u m i n u m  c o l l i s i o n  p o s t s  a t  t h e  s i d e s  o f  
t h e  e n d  d o o r  o p e n i n g s ,  c o n n e c t e d  b y  a  h o r i z o n t a l  m e m b e r  t o  
a l u m i n u m  c o r n e r  p o s t s  t o  f o r m  a  c r a s h  a t t e n u a t i o n  s t r u c t u r e .  
T h e  c a b  e n d s  a r e  f o r m e d  f r o m  f i b e r - g l a s s  r e i n f o r c e d  p l a s t i c ; 
d o o r s  a r e  o f  a l u m i n u m  s k i n - h o n e y c o m b  c o m p o s i t e  c o n s t r u c t i o n .

1 . 3 . 3  T r u c k s  a n d  S u s p e n s i o n .

T h e  t r u c k s  a r e  o f  t h e  h i g h  s p e e d ,  p a r a l l e l - d r i v e  t y p e .  T h e  
t r u c k s  a r e  o f  t h r e e - p i e c e  c o n s t r u c t i o n ,  c o m p r i s i n g  a  s t e e l  
b o l s t e r  a n d  t w o  c a s t  s t e e l  s i d e f r a m e s .  C y l i n d r i c a l  r u b b e r  
s l e e v e s  b e t w e e n  t h e  j o u r n a l  b e a r i n g s  a n d  t h e  s i d e  f r a m e s  p r o v i d e  
b e a r i n g  r e s i l i e n c y .  T h e  t r u c k  b o l s t e r s  a r e  s u p p o r t e d  o n  t w o  a i r  
s p r i n g s  p e r  t r u c k  w i t h  l o a d - w e i g h  c o m p e n s a t i o n  i n c o r p o r a t e d  t o  
p r o v i d e  a  c o n s t a n t  f l o o r  h e i g h t  o f  4 0  i n c h e s  ( 1 . 0 2  m)  a b o v e  t h e  
r a i l .  T h r e e  a d j u s t a b l e  h y d r a u l i c  s h o c k  a b s o r b e r s  p e r  t r u c k  a r e  
f a c t o r y  p r e s e t  t o  p r o v i d e  r i d e  d a m p i n g  a n d  c o n t r o l ;  r u b b e r  b u m p  
p a d s  p r o v i d e  l a t e r a l  c o n s t r a i n t .  T h e  t r u c k - c a r  b o d y  l o n g i 
t u d i n a l  r e l a t i o n s h i p  i s  m a i n t a i n e d  b y  t w o  r a d i u s  r o d s  c o n n e c t i n g  
t h e  t r u c k  b o l s t e r  t o  t h e  s i d e f r a m e .

1 . 3 . 4  T r a c t i o n  M o t o r s  a n d  T r a n s m i s s i o n s .

Two  t r a c t i o n  m o t o r s  ( r a t e d  a t  1 7 5  h p  a t  2 , 4 5 0  r p m )  ( 1 3 0 . 5  
kW) a r e  s u s p e n d e d  f r o m  r u b b e r  c u s h i o n e d  h a n g e r s  o n  e a c h  t r u c k .  
T h e y  a r e  4 - p o l e  DC,  s e r i e s  w o u n d  m o t o r s ,  a n d  e a c h  p a i r  i s  c o n 
n e c t e d  i n  s e r i e s .  T h e y  a r e  r e s i l i e n t l y  m o u n t e d  t o  t w o  p a r a l l e l -  
t y p e ,  d o u b l e  r e d u c t i o n  g e a r  b o x  u n i t s  w i t h  a n  o v e r a l l  r e d u c t i o n  
r a t i o  o f  5 . 4 4 : 1 .  M i s a l i n e m e n t  b e t w e e n  m o t o r  a n d  g e a r b o x  i s  
a c c o m m o d a t e d  b y  a  g e a r - t y p e  m i s a l i n e m e n t  c o u p l i n g .  T w e n t y - e i g h t  
i n c h  ( 7 1 1  mm) w h e e l s  a r e  u s e d .

1 . 3 . 5  B r a k i n g  S y s t e m .

U n d e r  n o r m a l  o p e r a t i o n ,  t h e  m a j o r  b r a k i n g  e f f o r t  i s  p r o 
v i d e d  b y  t h e  d y n a m i c  b r a k i n g  c a p a b i l i t y  o f  t h e  v e h i c l e  p r o 
p u l s i o n  s y s t e m  w i t h  s u p p l e m e n t a l  b r a k i n g  e f f o r t  p r o v i d e d  b y  
f r i c t i o n  b r a k e s .  F r i c t i o n  b r a k i n g  i s  b l e n d e d  w i t h  d y n a m i c  
b r a k i n g  e l e c t r o n i c a l l y  b v  a  b r a k e  c o n t r o l  s y s t e m  t o  m a i n t a i n  a
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constant deceleration  ra te . In p rac tic e , the f r ic t io n  brakes 
" f i l l "  the tra n s it io n  from a power to a brake mode, and take 
over the braking e ffo r t  with the dropout of dynamic braking a t 
low speed. In the event of fa ilu re  of the dynamic braking 
system, f u l l  service braking e ffo r t  can be maintained by the 
f r ic t io n  brake system.

F ric tio n  braking is  provided by an e le c tro n ica lly  con
tro lle d , hydrau lica lly  operated system on each car which 
actuates a disc brake mounted ex ternally  a t each wheel.

Emergency braking is  provided by the f r ic t io n  brake system 
only, and is  a i r - in i t ia te d  from a tra in - lin e d  brake p ipe. A 
sp in /s lid e  contro l system provides p ro tec tion  against excessive 
spinning or s lid in g  of the wheels during e ith e r  propulsion or 
braking; th is  system does not function during emergency braking.

1.3.6 Propulsion and Control System.

The propulsion and control system follows conventional 
t r a n s i t  car p rac tice : an electro-pneum atic power cam co n tro l
le r ,  responding to command signals from the o p e ra to r 's  master 
c o n tro lle r  or from an Automatic Train Control, is  used to  switch 
permutations of three basic types of tra c tio n  motor current 
con tro l, i . e . ,  se ries  re s is to r  banks, se ries  to s e r ie s -p a ra lle l  
connection of p a irs  of tra c tio n  motors, and three stages of 
f ie ld  shunting. A second re s is to r  bank and cam co n tro lle r  is  
used to  con tro l dynamic braking by varying the amount of r e s i s 
tance across the trac tio n  motors in  the braking mode, to 
m aintain constant back electrom otive force (EMF), and therefo re  
constant braking ra te .

Logic c irc u its  in  the propulsion and contro l system provide 
compensation for vehicle weight, to provide constant accelera
tio n  and deceleration  ra tes regardless of passenger load, and 
sp in -s lid e , and jerk  lim it p ro tec tion .

1.4 THE TRANSIT TEST TRACK.

The WMATA general vehicle te s ts  were c a rried  out on the TTT 
a t  the TTC. The TTT is  a 9.1 mile (14.6 km) oval incorporating 
s ix  d iffe re n t types of track construction , rep resen ta tive  of new 
construction  used in  operating t r a n s i t  system p ro p ertie s . The 
TTT fea tu res a perturbed section  of track , ty p ica l grade c ross
ings and sw itches, and a 4,000 f t  (1 219 m) lev e l tangent sec
tio n  which was used for a l l  performance te s tin g .

Track o rien ta tio n  and plan are shown in  figure 1-2, and the 
track  p ro f i le  is  shown in  figure 1-3. Table 1-1 shows the 
c h a ra c te r is tic s  of each of the s ix  d iffe re n t track sec tions.

T e x t  c o n t in u e s  on p a g e  9
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1 1 9 -lb . Welded R a i l ,  
C oncrete  T ie s ,  23 Inches 
On C en ter

Wood T ies

FIG U R E  1 - 2 .  TTC T R A N S IT  T E S T  TRACK



7

E L E V A T I O N  ( F T )  - . 0 3 8 5 %

F IG U R E  1 - 3 .  T R A N S IT  T E S T  TRACK P R O F IL E  SHOWING G RA DES.



TABLE 1 - 1 SUMMARY OF TTC T R A N S IT  T E S T  TRACK C O N F IG U R A T IO N .

S e c t i o n
L o c a t i o n  

( S t a  t o  S t a ) A l i n e m e n t T r a c k a g e F a s t e n e r R a i l

I 0  -  1 7 4 T a n g e n t  
a n d  0 °  5 0 '  
c u r v e

W o o d e n  t i e s  
2 4 "  o n  c e n t e r

S p i k e 1 1 9  l b / y d  
W e ld e d

1 7 4  -  2 1 0 1 °  3 0 '  
c u r v e

W o o d e n  t i e s  
2 3 "  o n  c e n t e r

I I 2 1 0  -  2 3 5 1 °  3 0 '  
c u r v e

W o o d e n  t i e s  
2 3 "  o n  c e n t e r

S p i k e 1 0 0  l b / y d  
W e ld e d

I I I 2 3 5  -  2 9 0 1 °  3 0 '  
c u r v e

W o o d e n  t i e s  
2 3 "  o n  c e n t e r

S p i k e 1 0 0  l b / y d  
J o i n t e d

2 9 0  -  3 2 5 T a n g e n t W o o d e n  t i e s  
2 4 "  o n  c e n t e r

IV 3 2 5  -  4 0 5 T a n g e n t C o n c r e t e  t i e s  
3 0 "  o n  c e n t e r

S p r i n g  c l i p 1 1 9  l b / y d  
W e ld e d

4 0 5  -  4 4 0 1 °  3 0 ' C o n c r e t e  t i e s  
2 7 "  o n  c e n t e r

V 4 4 0  -  4 7 0 1 °  3 0 ' C o n c r e t e  t i e s  
2 4 "  o n  c e n t e r

S p r i n g  c l i p 1 1 9  l b / y d  
W e ld e d

V I 4 7 0  -  5 0 0 1 °  3 0 ' C o n c r e t e  t i e s  
3 3 "  o n  c e n t e r

S p r i n g  c l i p 1 1 9  l b / y d  
W e ld e d

N o t e :  A l l  T r a c k a g e  O n S t o n e  B a l l a s t
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A perturbed section  of track  is  in  the TTT te s t  configura
tio n  between r a i l  s ta tio n s  118 and 140. The pertu rbations were 
made to the outer r a i l  only, in  p ro f ile  and alinement; wave
length varied  between 14 f t  and 56 f t  (4.27 and 17 m). Table 
1-2 d e ta ils  the amplitude and waveforms of the pertu rba tions.

The lev e l tangent section of track  between r a i l  s ta tio n s  
300 and 340 was used for a l l  performance brake and accelera tion  
runs and fo r t ra in  resistance  te s ts .  The track  is  designed for 
sustained 80 mi/h (129 km/h) vehicle operation with the excep
tio n  of the perturbed track  section , which was subject to a 45 
mi/h (72.4 km/h) speed lim it.

Vehicle location  on the track  was determined by means of a 
se rie s  of s ta tio n  markers posted a t  1,000 f t  (304.8 m) in te r 
v a ls . These were supplemented with an Automatic Location 
Detector (ALD) system; the ALD system consists  of an active  
vehicle-mounted inductive probe th a t d e tec ts  the presence of 
metal along the, cen terline  o f the track , together with a se rie s  
of metal ta rg e ts  positioned between the running r a i l s  a t  each 
r a i l  s ta tio n .

1.4.1 Third R a il .

The th ird  r a i l  was constructed to  New York City T ransit 
Authority (NYCTA) sp ec ifica tio n s; i t  was necessary to mount the 
WMATA car th ird  r a i l  current co llec to rs  on 1-1/2" (38.1 mm) 
wooden spacers in  order to make the vehicle compatible with the 
TTT th ird  r a i l  configuration.

1.4.2 Power Source.

The power source for the WMATA te s t  program was the Chicago 
T ransit A uthority (CTA) r e c t i f ie r  s ta tio n , a u n it purchased from 
the CTA and recommissioned a t TTC. Nominal lin e  voltage was se t 
a t  760 VDC, with a current lim ita tio n  of 7,500 amps for two 
hours. The r e c t i f i e r  s ta tio n  line  voltage can be p rese t from 
600 to 780 VDC.

T e x t  c o n t in u e s  on page  11



TABLE 1 -2 .  TRANSIT TEST TRACK PERTURBATIONS, RAIL STATIONS 118 TO 140 .

PROFILE ALINEMENT

STA 118 STA 120 STA 122 STA 124 STA 126 STA 136 STA 138 STA 140
1 .5 " .375 " .3 7 5 " .7 5 " 1 . 5 “ .7 5 " .375 " .75'.'

1.481" + 1 t i e .305" + 1  t i e .3565" + 1 t i e .713" + 1 t i e 1.426" + 1 t i e .741" + 1 t i e .305“+ 1 t i e .713" + 1 t i e

1.425" + 2 t i e s .146" + 2 t i e s .3045" + 2 t i e s .609" + 2  t i e s 1.218" + 2 t i e s .7125"+ 2 t i e s .146" + 2 t i e s .609" + 2 t i e s

1.336" + 3 t i e s .018" + 3 t i e s .229" + 3 t i e s .458" + 3 t i e s .916" + 3 t i e s .668" + 3  t i e s .018" + 3 t i e s .458" + 3 t i e s

1.218" + 4  t i e s 0 + 4 t i e s .146" +_ 4 t i e s .292" + 4 t i e s .584" + 4 t i e s .609" + 4 t i e s 0" + 4 t i e s .292" + 4 t i e s

1.075" + 5 t i e s .0705"+ 5 t i e s .141" + 5 t i e s .282" + 5 t i e s .5375"+ 5 t i e s .141" + 5 t i e s

.917" + 6 t i e s .0185" + 6 t i e s .037" + 6 t i e s .074" + 6 t i e s .4585"+ 6 t i e s .037" ;+ 6 t i e s

.75" + 7  t i e s 0 + 7  t i e s 0 + 7  t i e s 0 + 7 t i e s .375" + 7 t i e s 0  ±  7 t i e s

.583" + 8 t i e s .2 9 1 6 '+  8 t i e s

.425" + 9 t i e s .2 1 2 5 '+  9 t i e s

.282" + 10 t i e s .141" + 10 t i e s

.164" + 11 t i e s .082" + 11 t i e s

.074" + 12 t i e s .037" + 12 t i e s

.019" + 13 t i e s .01" + 1 3  t i e s

o + 14 t i e s 0 *_ 14 t i e s

WAVE 56' 
LENGTH

14' 28* 28' 28 ' . 56 ' 14' 28'

PROFILE = Outer r a i l
ALINEMENT = Outer r a i l  p e r tu rb ed  toward o u t s id e  o f  oval 
P e r tu rb a t io n s  a re  sy m n e tr ica l  around s t a t i o n  number
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2.0 TEST DESCRIPTION

2.1 INTRODUCTION.

Two p a irs  of WMATA rapid  t r a n s i t  cars (1104/1105 and 1108/ 
1109), were te s te d  during the period September 1976 to  August 
1977. Three major te s t  objectives were accomplished during th a t 
time period:

o A veh icle  engineering acceptance t e s t  was conducted by Rohr 
In d u s trie s , the manufacturer, to  demonstrate compliance 
with the vehicle sp ec ifica tio n ,

o An extended mileage endurance t e s t  program was c a rried  out 
using a simulated WMATA revenue service profile,- the pro
gram was struc tu red  to  obtain accelerated  inform ation on 
the v e h ic le 1s extended performance under revenue service 
conditions, and addressed problems such as brake pad o p ti
m ization for wear and squeal p ro p erties , and

o A General Vehicle Test Program,- th is  was an engineering 
t e s t  program conducted to  the guidelines of the "General 
Vehicle Test Plan (GVTP) for Urban Rail T ransit V ehicles", 
Report No. UMTA-MA-06-0025-75-14.

This repo rt d e ta ils  the re su lts  of te s ts  c a rried  out to 
meet the l a s t  ob jective , the General Vehicle Test Program.

The GVTP defines te s t  procedures, required instrum entation, 
f in a l  data output format, and required prelim inary analysis for 
nine categories previously mentioned; however, no s tru c tu ra l 
dynamics te s tin g  was planned or ca rried  out.

2.2 GENERAL VEHICLE -TEST SET.

The basic  u n it of the GVTP is  a. t e s t  s e t .  A sp ec ific  t e s t ,  
figure  2-1 fo r example, is  re la te d  to  one of the te s t  and evalu
a tio n  categories and contains a t i t l e ,  operating procedures, and 
requirements fo r instrum entation and prelim inary analysis of 
da ta . The te s t  se t sp ec ifies  and contro ls those elements of 
te s tin g  th a t must be consisten t from te s t  to t e s t ,  and yet 
provides fo r su ff ic ie n t f le x ib i l i ty  to allow adaption fo r d i f 
fe re n t v eh ic les . From th is  common base, data can be gathered to 
allow the comparative evaluation of rapid  t r a n s i t  veh ic les; from 
th is  evaluation , gains in  t r a n s i t  vehicle  technology may be 
assessed.

The GVTP te s t  se t contains a unique te s t  se t number which 
id e n tif ie s :

T e x t  c o n t in u e s  on page  13
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o  T h e  t y p e  o f  v e h i c l e ,

o  T h e  e v a l u a t i o n  c a t e g o r y ,

o  T h e  t e s t i n g  p r o c e d u r e  c a t e g o r y ,  a n d

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

T h e  f i r s t  p a g e  o f  a  t e s t  s e t  a l s o  c o n t a i n s  a  t e s t  o b j e c t i v e  
a n d  t e s t  d e s c r i p t i o n  f o r  t h e  s p e c i f i c  v e h i c l e ,  f i g u r e  2 - 1 ,  s h e e t
1 .  T h e  s e c o n d  p a r t ,  f i g u r e  2 - 1 ,  s h e e t s  2  t h r o u g h  5 ,  c o n t a i n s  t h e  
d e t a i l e d  s t e p - b y - s t e p  i n s t r u c t i o n s  f o r  s e t - u p  a n d  c o n d u c t i n g  t h e  
t e s t .  S h e e t s  6  a n d  7 ,  f i g u r e  2 - 1 ,  d e s c r i b e s  t h e  d a t a  r e d u c t i o n  
a n d  a n a l y s i s  t h r o u g h  s t a n d a r d  p u t p u t  c o d e s  d e f i n e d  i n  t h e  G V T P .

2 . 3  B A S E L IN E  T E S T  P L A N .

A B a s e l i n e  T e s t  P l a n ,  c o m p r i s i n g  a  n u m b e r  o f  t e s t  s e t s  i n  
e a c h  c a t e g o r y  o f  v e h i c l e  e v a l u a t i o n ,  h a s  b e e n  d e f i n e d  i n  t h e  
GVTP t o  p r e s e p t  a  c o n s i s t e n t  t e s t  p r o g r a m  f o r  q u a n t i f y i n g  t h e  
o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  a  t y p i c a l  r a p i d  t r a n s i t  v e h i c l e .  
T h e  B a s e l i n e  T e s t  P l a n  i s  s h o w n  i n  t a b l e  2 - 1 .

2 . 4  THE WMATA T E S T  PROGRAM.

2 . 4 . 1  E x c e p t i o n s  t o  t h e  B a s e l i n e  T e s t  P l a n .

T h e  WMATA t e s t  p r o g r a m  f o l l o w e d  t h e  g e n e r a l  g u i d e l i n e s  o f  
t h e  B a s e l i n e  T e s t  P l a n ,  b u t  w i t h  s o m e  e x c e p t i o n s  w h i c h  a r e  
e x p l a i n e d  b e l o w .

C o n s i s t : T e s t i n g  w a s  l i m i t e d  t o  a  t w o - c a r  m a r r i e d  p a i r  w i t h  t h e
e x c e p t i o n  o f  T r a i n  R e s i s t a n c e  e v a l u a t i o n  ( P - 4 0 0 1 - T T ,  D r i f t  T e s t )  
a n d  W a y s i d e  N o i s e  e v a l u a t i o n  ( P N - 1 0 0 1 - T T ,  S p e e d  E f f e c t ,  W a y s i d e )  
t e s t  s e t s  w h i c h  w e r e  c a r r i e d  o u t  w i t h  a  f o u r - c a r  c o n s i s t ,  i n  
a d d i t i o n  t o  t h e  t w o - c a r  c o n f i g u r a t i o n .

C o n t r o l  L e v e l : T h e  WMATA m a s t e r  c o n t r o l l e r  h a s  f i v e  l e v e l s  o f
s e r v i c e  b r a k e  a p p l i c a t i o n  ( B 1  t h r o u g h  B 5 )  a n d  f i v e  l e v e l s  o f  
p o w e r  a p p l i c a t i o n  ( P i  t h r o u g h  P 5 ) .  T h e  v e h i c l e  w a s  t e s t e d  a t  
e a c h  c o n t r o l  l e v e l .  T h e  GVTP c a l l s  f o r  a  p e r c e n t a g e  o f  t o t a l  
c o n t r o l l e r  m o v e m e n t  a s  i n  a  f u l l y  p r o p o r t i o n a l  r e s p o n s e  s y s t e m .

I n p u t  V o l t a g e : N o m i n a l  l i n e  v o l t a g e  w a s  s e t  a t  7 6 0  VDC w i t h  t h e
v e h i c l e  s t a t i o n a r y  a n d  a u x i l i a r i e s  r u n n i n g .  T h i s  i s  i n  e x c e s s  
o f  t h e  7 0 0  VDC n o m i n a l  p r o p e r t y  l i n e  v o l t a g e ,  b u t  w a s  r e q u i r e d  
t o  m i n i m i z e  v o l t a g e  d r o p  u n d e r  a c c e l e r a t i o n ,  c a u s e d  b y  t h e

T e x t  c o n t in u e s  on page 15



T A B L E  2 - 1 . B A S E L I N E  T E S T  P L A N .

TEST SET TITLE VEHICLE CONSISTS SPD. CONTROL INPUT REMARKS TEST
WEIGHTS MPH LEVEL VOLT. REC.

P -2001-T T A c c e le r a t io n AW0,AW2,AW3 S i n g l e  & T r a in 1 .0  & .7 5 6 0 0 (1 ) ( 1 )  Do 4 5 0  & 700  VDC w i t h  S in g le 24
P -3001-T T D e c e le r a t io n -B le n d e d  B r a k in g AW0,AW2,AW3 S i n g le  & T r a in ( 2 ) 0 . 0  & .2 5 6 0 0 (1 ) ( 2 )  1 5 , 2 5 ,3 5 ,5 0  mph 48
P -3002-T T D e c e le r a t io n - S e r v ic e  F r i c t i o n AW0,AW2,AW3 S i n g le  & T r a in ( 2 ) 0 . 0  & .2 5 600 48
P-3003-T T D e c e le r a t io n -D y n a m ic AW0,AW2,AW3 S i n g le  & T r a in ( 2 ) 0 . 0  & .2 5 600 48
P-3004-T T D e c e le r a t io n -E m e r g e n c y AWO, AW2, AW3 S i n g le  & T r a in ( 2 ) - 24
P-4001-T T D r i f t  T e s t AW0.AW2 S i n g le  & T r a in 600 4
P -5001-T T D uty C y c l e - F r i c t io n  B rake AW2 S in g le 600 R e p e a t  f o r  Two C y c le s 2
P -2011-T T S p in /S l id e - A c c e l e r a t i o n AWO S i n g le 600 1
P -3011-T T S p i n / S l id e - D e c e l e r a t i o n AWO S i n g le 600 R e p e a t  f o r  B rake Modes 3

PC -5011-TT Power C onsum ption AW2 S i n g le  & T r a in 600 2
A -3021-T T A d h esio n AWO S in g le 600 1

CN-0001-TT E quipm ent N o is e  S u rv ey AWO 1
CN-1001-TT Sp eed  E f fe c t -W a y s id e AW0.AW3 S i n g le  & T r a in ( 2 ) 6 0 0 16
CN-1201-TT S c r e e c h  L oop-W ayside AW0.AW3 S in g le 600 i
PN -1001-TT Speed  E f f e c t -O n  Car AW0.AW3 S i n g le ( 2 ) 600 F ou r I n t e r i o r  L o c a t io n s 32
PN-1101-TT T rack  Type E f f e c t -O n  Car AWO S i n g le 35 6 0 0 1
PN -1201-TT S c r e e c h  Loop-On Car AW0.AW3 S i n g le 600 2
PN -1 3 0 1-TT I n t e r i o r  S u rv ey A WO S i n g le 35 600 1
PN-2001-TT A c c e le r a t io n -O n  Car AW0.AW3 S i n g le 6 0 0 2
PN-3 0 0 1-TT D e c e le r a t io n -O n  Car AW0.AW3 S i n g le '6 0 0 R e p e a t  f o r  B rake Modes 8

B -0001-X X Dynamic S h a k e -V e r t ic a l AW0,AW2,AW3 S i n g le M in. o f  4  I n t e r i o r  L o c a t io n s 12
R-0002-X X Dynam ic S h a k e -L a te r a l AW0,AW2,AW3 S i n g le M in. o f  4  I n t e r i o r  L o c a t io n s 12
R -0003-X X Dynamic S h a k e -L o n g itu d in a l AW0,AW2,AW3 S i n g le M in. o f  4  I n t e r i o r  L o c a t io n s 12
R -3001-T T D e c e le r a t io n AW0,AW2,AW3 S i n g le 600 R e p e a t  f o r  B rake Modes
R -0010-T T Component In d u ced  V ib r a t io n AWO S i n g le 600 1
R -2001-T T A c c e le r a t io n AW0,AW2,AW3 S i n g le 6 0 0 3
R -1101-T T W orst S p eed s AW0,AW2,AW3 S i n g le ( 2 ) 600 12

R S-5001-T T S im u la te d  R evenue S e r v ic e AW2 S i n g le  & T r a in 6 0 0 2
P S I-6001-T T R ad io  F re q u en cy  I n t e r f e r e n c e AWO S i n g le  & T r a in ( 2 ) 6 0 0 8

S -1001-T T C o n sta n t Sp eed AW0,AW2,AW3 S i n g le ( 2 ) 6 0 0 12
S -2001-T T A c c e le r a t io n AW0,AW2,AW3 S i n g le 600 3
S -3001-T T D e c e le r a t io n AW0,AW2,AW3 S i n g le 600 R e p e a t  f o r  B rake Modes 12

AWO = V e h ic le  Empty W eigh t
AW1 = V e h ic le  Empty W eigh t p lu s  Norm al L oad
AW2 = V e h ic le  Empty W eigh t p lu s  F u l l  Load
AW3 = V e h ic le  Empty W eigh t p lu s  C rush  Load
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" s o f t "  c h a r a c t e r i s t i c s  o f  t h e  TTC p o w e r  s y s t e m .  S o m e  o f  t h e  
n o i s e  s u r v e y  d a t a  f r o m  C N - 0 0 0 1 - T T  ( I n t e r i o r  S u r v e y )  m a y  b e  
p e s s i m i s t i c  b e c a u s e  t h e  h i g h e r - t h a n - n o r m a l  v o l t a g e  w i t h  t h e  
v e h i c l e  a t  r e s t  c a u s e d  a n  o v e r s p e e d  o f  t h e  v e h i c l e  a u x i l i a r i e s .

D y n a m i c  S h a k e  T e s t . T e s t  s e t s  R - 0 0 0 1 - X X  a n d  R - 0 0 0 3 - X X ,  ( d y n a m i c  
s h a k e  t e s t s  o f  t h e  c a r  b o d y  i n  t h e  v e r t i c a l ,  l a t e r a l  a n d  l o n g i 
t u d i n a l  m o d e s )  w e r e  n o t  a t t e m p t e d .  A s  a  r e s u l t ,  n o  i n f o r m a t i o n  
i s  a v a i l a b l e  o n  c a r  b o d y  n a t u r a l  f r e q u e n c e s  a n d  m o d e  s h a p e s ,  a n d  
i t  w a s  n o t  p o s s i b l e  t o  i n t e r p r e t  t h e  s t r u c t u r a l  v i b r a t i o n  
c o n t r i b u t i o n  t o  r i d e  r o u g h n e s s .

2 . 4 . 2  V e h i c l e  T e s t  W e i g h t s .

T h e  WMATA c a r s  w e r e  t e s t e d  a t  t h r e e  w e i g h t s ,  AWO, AW 2, a n d  
AW 3, r e p r e s e n t i n g  e m p t y  w e i g h t ,  f u l l  p a s s e n g e r  l o a d ,  a n d  c r u s h  
p a s s e n g e r  l o a d ,  r e s p e c t i v e l y :

W e i g h t  C o d e  N o m i n a l  W e i g h t P a s s e n g e r A c t u a l  W e i g h t  ( T e s t ) "

( 4 7  6 2 7  k g )

L o a d C a r  # 1 1 0 4 C a r  # 1 1 0 5

AWO 7 2 , 0 0 0  l b  
( 3 2  6 5 8  k g )

E m p t y 7 2 , 1 3 0  l b  
( 3 2  7 1 7  k g )

7 4 , 0 6 0  l b  
( 3 3  5 9 2  k g )

AW2 7 2 , 0 0 0  l b  
( 3 2  6 5 8  k g )

F u l l 9 6 , 4 0 0  l b  
( 4 3  7 2 6  k g )

9 5 , 8 0 0  l b  
( 4 3  4 5 3  k g )

+ 2 4 , 0 0 0  l b  
( 1 0  8 8 6  k g )

9 6 , 0 0 0  l b  
( 4 3  5 4 5  k g )

AW3 7 2 , 0 0 0  l b  
( 3 2  6 5 8  k g )

C r u s h 1 0 4 , 7 6 0  l b  
( 4 7  5 1 8  k g )

1 0 5 , 3 4 0  l b  
( 4 7  7 8 1  k g )

+ 3 3 , 0 0 0  l b  
( 1 4  9 6 8  k g )

= 1 0 5 , 0 0 0  l b .

*  A c t u a l  w e i g h t  i n c l u d e s  i n s t r u m e n t a t i o n  a n d  t h e  d a t a  a q u i s i t i o n  
s y s t e m  b u t  e x c l u d e s  t e s t  c r e w  w e i g h t ;  t h e  a v e r a g e  t e s t  c r e w  
w e i g h t  w a s  1 , 2 8 0  p o u n d s  ( 5 8 0 . 6  k g ) .

2 . 5  T E S T  PROGRAM SUMMARY D E S C R I P T I O N .

A s u m m a r y  d e s c r i p t i o n  o f  e a c h  t e s t  p e r f o r m e d  o n  t h e  WMATA
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c a r s ,  w i t h  b r i e f  d e s c r i p t i o n s  o f  t h e  t e s t  o b j e c t i v e s  a n d  
v a r i a b l e s  f o l l o w s ,  t o g e t h e r  w i t h  a  d i s c u s s i o n  o f  t h e  t e s t  
r e s u l t s .  D a t a  p l o t s  i l l u s t r a t i n g  t h e  p o i n t s  r a i s e d  i n  d i s c u s 
s i o n  a r e  a t t a c h e d  t o  e a c h  t e s t  s u b s e c t i o n .  T e s t  p r o c e d u r e s  u s e d  
w e r e  t h o s e  d o c u m e n t e d  i n  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 " .

2 . 5 . 1 A c c e l e r a t i o n  ( T e s t  S e t  N o .  P - 2 0 0 1 - T T )

O b j e c t i v e : T o  d e t e r m i n e  t h e  o v e r a l l  a c c e l e r a t i o n  a n d  p r o p u l s i o n
c o n t r o l  c h a r a c t e r i s t i c s  o f  t h e  t e s t ,  v e h i c l e  a s  a f f e c t e d  b y  
m a s t e r  c o n t r o l l e r  i n p u t ,  l i n e  v o l t a g e ,  c a r  w e i g h t  ( l o a d - w e i g h  
c o m p e n s a t i o n ) ,  d i r e c t i o n  o f  t r a v e l ,  a n d  t r a i n  c o n s i s t .

T e s t  D e s c r i p t i o n : T h e  WMATA t e s t  v e h i c l e  w a s  a c c e l e r a t e d  o n  
l e v e l  t a n g e n t  t r a c k  a t  a  s e r i e s  o f  r e q u i r e d  c o n t r o l l e r  c o m m a n d s .  
T h e  f o l l o w i n g  c o m b i n a t i o n s  o f  v a r i a b l e s  w e r e  t e s t e d :

P r i m e  V a r i a b l e T e s t  C o n d i t i o n s

C o n t r o l l e r  L e v e l  

L i n e  V o l t a g e

C a r  W e i g h t

C o n t r o l l e r  p o s i t i o n s  P I  t h r o u g h  P 5

7 6 0  VDC n o m i n a l ,  u n d e r  " n o - l o a d "  
c o n d i t i o n s  ( v e h i c l e  a u x i l i a r i e s  
o p e r a t i n g ) .  6 9 5  VDC a n d  7 1 0  VDC 
a t  AW2 w e i g h t  o n l y

AWO, AW2, a n d  AW3

C a r  D i r e c t i o n F o r w a r d  a n d  R e v e r s e

T r a i n  C o n s i s t 2 - c a r  t r a i n

T e s t  R e s u l t s : F i g u r e s  2 - 2 ,  2 - 3 ,  a n d  2 - 4  i l l u s t r a t e  t h e  a c 
c e l e r a t i o n  a n d  c o n t r o l  c h a r a c t e r i s t i c s  o f  t h e  WMATA r a p i d  
t r a n s i t  c a r s  a t  AW2 v e h i c l e  w e i g h t ,  a n d  a r e  t y p i c a l  o f  t h e  t e s t  
r e s u l t s  g a t h e r e d  a t  o t h e r  w e i g h t s .  P l o t s  a r e  p r e s e n t e d  o f  s p e e d  
v e r s u s  a c c e l e r a t i o n ,  s p e e d  v e r s u s  e l a p s e d  t i m e ,  a n d  t i m e  v e r s u s  
d i s t a n c e  f o r  m a s t e r  c o n t r o l l e r  p o w e r  p o s i t i o n s  P i  t h r o u g h  P 5 .  
A c c e l e r a t i o n  c h a r a c t e r i s t i c s  w i t h  i n c r e a s i n g  v e h i c l e  w e i g h t  a r e  
s h o w n  i n  F i g u r e s  2 - 5 ,  2 - 6 ,  a n d  2 - 7  f o r  a  P 5  m a s t e r  c o n t r o l l e r  
p o s i t i o n ,  d e m o n s t r a t i n g  t h a t  t h e  v e h i c l e  h a s  a d e q u a t e  l o a d - w e i g h  
r e s p o n s e .

T h e  T T T  p o w e r  s u p p l y  (CTA  r e c t i f i e r  s t a t i o n )  w a s  f o u n d  t o  
b e  a  r e l a t i v e l y  " s o f t "  s y s t e m , -  t y p i c a l l y ,  m a x i m u m  a c c e l e r a t i o n  
r u n s  w o u l d  r e d u c e  t h e  l i n e  v o l t a g e  f r o m  7 6 0  VDC t o  a p p r o x i m a t e l y  
6 0 0 - 6 3 0  VDC d e p e n d i n g  o n  v e h i c l e  w e i g h t  a n d  l o c a t i o n  o n  t h e  
t r a c k .  O f f - n o m i n a l  l i n e  v o l t a g e  a c c e l e r a t i o n  t e s t s  w e r e  
a t t e m p t e d  a t  n o - l o a d  l i n e  v o l t a g e s  o f  6 9 5  a n d  7 1 0  V D C ; b e l o w  6 9 5  
VDC t h e  l i n e  v o l t a g e  w o u l d  d r o p  u n d e r  m a x i m u m  a c c e l e r a t i o n  p o w e r  
d e m a n d ,  u n t i l  l o w  v o l t a g e  p r o t e c t i o n  r e l a y s  o n  t h e  v e h i c l e  w o u l d
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momentarily de-energize the propulsion system. As a re s u lt ,  
only a lim ited  lin e  voltage v a ria tio n  could be te s te d ; due to 
th is  and the "soft" nature of the power system, no c le a r ac
c e le ra tio n  and contro l c h a ra c te r is tic  trends with lin e  voltage 
could be defined.

V ariations in  vehicle accelera tion  leve ls  due to  forward 
and reverse trav e l were not found to be s ig n if ic a n t. Because 
the car could not be turned fo r each reverse run, any d iscern
ib le  changes in  accelera tion  leve ls  between forward and reverse 
tra v e l data are more lik e ly  to  be due to ex ternal ambient con
d itio n s , fo r example, wind speed and d irec tio n , than to  d i f f e r 
ences in  the vehicle propulsion system.

The e ffe c t of tra in  consist on accelera tion  was not ex
amined. The WMATA rapid  t r a n s i t  cars were te s te d  only in  a 
two-car married p a ir  consist comprising cars 1104 and 1105.

2 .5 .2  D eceleration : Blended Braking (Test Set No. P-3001-TT), F ric 
tion-Only Braking (Test Set No. P-3002-TT), Dynamic-Only Braking 
(Test Set No. P-3003-TT),- Emergency Braking (Test Set No. P-3004 
-TT).

O bjective: To determine the o vera ll con tro l c h a ra c te r is tic s , 
dece leration  ra te s , and stopping distances associated  with four 
braking modes (blended, f r ic tio n -o n ly , dynamic-only, and emer
gency braking) as a ffec ted  by c o n tro lle r  input le v e l, lin e  
vo ltage, car weight (load-weigh), car d irec tio n  of tra v e l, and 
t r a in  co n sis t.

Test D escrip tion : The WMATA te s t  vehicle was decelerated  a t  the 
required  c o n tro lle r  command leve l on leve l tangent track  a t 
brake en try  speeds from 30 to  75 mi/h (48 to 120.7 km/h) for 
blended, fr ic tio n -o n ly , and dynamic-only brake modes. The 
emergency braking mode was te s te d  a t  brake entry  speeds from 20 
to 75 mi/h (32 to 120.7 km/h); braking was in i t ia te d  by re 
leasing  the motor-man's "dead-man" handle. The following com
b inations of variab les were tes ted :

Prime Variable Test Conditions

C ontro ller Level B1 through B5 and Emergency

Car Weight 

Line Voltage

Train Consist

AWO, AW2, and AW3

760 VDC nominal, under "no-load" 
conditions (vehicle a u x ilia r ie s  
operating); 695 VDC and 710 VDC a t 
AW2 weight only

2-car tra in
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Prime Variable Test Conditions

Car D irection Forward and Reverse

Test R esu lts: P lots of deceleration  ra te  versus veh icle  speed 
for each braking mode a t AW2 vehicle  weight, i . e  blended 
braking, emergency braking, f r ic tio n -o n ly  braking, and dynamic- 
only braking are presented in  figures 2-8 through 2-11. Blend
ed, fr ic tio n -o n ly , and dynamic-only braking modes are presented 
fo r each master co n tro lle r  p o sitio n , B1 through B5, and for 
entry  speeds from 30 to  75 mi/h (48 to  120.7 km/h). Emergency 
braking p lo ts  are presented from 20 to 75 mi/h (32 to  120.7 
km/h). The general trends of these p lo ts  are c h a ra c te r is tic  of 
the data obtained a t a l l  veh icle  weights.

Figures 2-12 through 2-14 i l lu s t r a te  the stopping distance 
and elapsed time to stop fo r blended braking a t B5, B4, and B3 
master co n tro lle r p ositions a t  the AW2 vehicle weight, p lo tte d  
versus i n i t i a l  vehicle speed. The p lo ts  were obtained by c ross
p lo ttin g  data from a se rie s  of t e s t  runs made a t  various i n i t i a l  
speeds so th a t each t e s t  po in t represented a separate brake 
app lica tion . Time and distance were computed from f i r s t  ap
p lic a tio n  of the brakes ra th e r than f i r s t  movement of the master 
co n tro lle r; therefo re , system response times are not included. 
Some zero e rro rs are evident in  the speed/time to stop p lo ts , 
probably as a re s u lt  of the 2-second time in te rv a l of the en
gineering u n it l i s t in g ,  which could give a maximum 4-second 
e rro r between the f i r s t  ind ica tion  of brake app lica tion  and 
change in  vehicle speed. The deceleration  ra te  p lo t presented 
in  figure 2-15 and the speed/time and speed/distance p lo ts  
presented in  figures 2-16 and 2-17 i l lu s t r a te  the e ffe c t of 
vehicle load-weigh compensation, by comparing three blended 
brake runs a t the B5 brake master c o n tro lle r  s e ttin g . The p lo ts  
show minimal d ifferences in  the deceleration  ra te s  and time/ 
distances with increasing  vehicle  weight, ind ica ting  s a t i s 
factory  load-weigh response.

2.5.3 D rif t Test: Traction Resistance (Test Set No. P-4001-TT):

O bjective: To determine the t r a in  resistance  of the WMATA rapid  
t r a n s i t  cars for use in  the analysis of adhesion te s t  da ta , to 
check the co e ffic ien t used to ca lcu la te  the design performance 
of the veh ic le . The data would be used as a baseline  for 
analysis of the vehicle  tra c tiv e  and braking e ffo r t  values.

Test D escription: D rif t te s ts  were ca rried  out over lev e l 
tangent track between track  s ta tio n s  300 and 340, a t  AW2 vehicle  
weight for a two- and four-car c o n sis t. Tests were conducted 
under conditions of minimal wind, (headwind less  than 5 mi/h (8 
km/h) and cross-wind le ss  than 10 mi/h (16 km/h) to  minimize 
e rro rs in  the vehicle  deceleration  ra te s . As a fu rth e r safe-
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g u a r d ,  t e s t s  w e r e  c o n d u c t e d  i n  b o t h  n o r t h b o u n d  a n d  s o u t h b o u n d  
d i r e c t i o n s .  T o  o b t a i n  t r u e  " c o a s t "  c o n d i t i o n s ,  d y n a m i c  b r a k i n g  
w a s  d i s a b l e d  d u r i n g  t h e  t e s t  t o  e l i m i n a t e  s m a l l  r e s i d u a l  m o t o r  
c u r r e n t s  o t h e r w i s e  p r e s e n t  i n  " c o a s t " . D u e  t o  t h e  l i m i t e d  
l e n g t h  o f  l e v e l  t a n g e n t  t r a c k  n u m e r o u s  r u n s  w e r e  r e q u i r e d  s o  
t h a t  t h e  s p e e d  r a n g e  c o u l d  b e  c o v e r e d  i n  e a c h  d i r e c t i o n .  O n 
e a c h  s u c c e s s i v e  r u n ,  t h e  c o n s i s t  e n t e r e d  t h e  l e v e l  t a n g e n t  t e s t  
z o n e  a t  a  s p e e d  e q u a l  t o  t h e  e x i t  s p e e d  o f  t h e  p r e v i o u s  r u n ,  a n d  
t h e  m a s t e r  c o n t r o l l e r  w a s  m o v e d  t o  a  " c o a s t "  p o s i t i o n  j u s t  p r i o r  
t o  e n t r y .  I n i t i a l  e n t r y  s p e e d  w a s  7 5  m i / h  ( 1 2 0 . 7  k m / h ) .  T h e  
f o l l o w i n g  c o m b i n a t i o n s  o f  v a r i a b l e s  w e r e  t e s t e d :

P r i m e  V a r i a b l e  T e s t  C o n d i t i o n s

C a r  W e i g h t  AW2 o n l y

T r a i n  C o n s i s t  2 - c a r  a n d  4 - c a r  t r a i n

A n a l y s i s  P r o c e d u r e : T h e  d e s i r e d  a p p r o a c h  w a s  t o  d e t e r m i n e
d e c e l e r a t i o n  o v e r  e a c h  1 0 - s e c o n d  i n t e r v a l  a n d  t h e n  t o  o b t a i n  t h e  
b i - d i r e c t i o n a l  m e a n  b y  a v e r a g i n g  t h e  v a l u e s  s p a n n i n g  t h e  s a m e  
v e l o c i t y  r a n g e s  i n  o p p o s i t e  d i r e c t i o n s .  T h e  v a l u e s  o f  d e c e l e r a 
t i o n  d e r i v e d  c o u l d  t h e n  b e  m u l t i p l i e d  b y  t h e  e q u i v a l e n t  m a s s  o f  
t h e  c o n s i s t  t o  o b t a i n  t h e  t r a i n  r e s i s t a n c e .

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

A l s o ,  c o n s i d e r a b l e  j i t t e r  i n  d e c e l e r a t i o n  v a l u e s  r e q u i r e d  
s o m e  m e t h o d  o f  s m o o t h i n g  t o  t a k e  a d v a n t a g e  o f  t h e  c o n s e c u t i v e  
n a t u r e  o f  t h e  d a t a .  C o n s e q u e n t l y ,  a  l e a s t  s q u a r e s  a p p r o a c h  w a s  
a d o p t e d  t o  f i t  e a c h  d i r e c t i o n a l  s e t  i n d e p e n d e n t l y  t o  t h e  
e q u a t i o n :

A =  A +  A..V +  A „V 2  
O  1  2

W h e r e :

A =  A c c e l e r a t i o n ,  m i / h / s

V =  V e l o c i t y ,  m i / h

S u b s e q u e n t l y ,  t h e  c o e f f i c i e n t s  A ^ ,  A ^ , a n d  A ^  w e r e  a v e r a g e d  t o  
o b t a i n  b i - d i r e c t i o n a l l y  c o r r e c t e d  d a t a .

T h i s  a p p r o a c h  h a d  t w o  a d d i t i o n a l  a d v a n t a g e s .  T h e  c o e f f i 
c i e n t s  d e r i v e d  h a d  d i r e c t  c o r r e s p o n d e n c e  t o  t h o s e  u s e d  i n  c o m m o n  
t r a i n  r e s i s t a n c e  f o r m u l a s ,  w h i c h  p e r m i t t e d  c o m p a r i s o n  o f  WMATA 
w i t h  o t h e r  e m p i r i c a l l y  d e r i v e d  c o e f f i c i e n t s  o f  r o l l i n g  f r i c t i o n .
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v i s c o u s  f r i c t i o n ,  a n d  a e r o d y n a m i c  d r a g .  A l s o ,  t h e s e  c o e f f i 
c i e n t s  a l l o w e d  d i r e c t  d e t e r m i n a t i o n  o f  e x t e r n a l  r e s i s t a n c e  i n  
t h e  e v a l u a t i o n  o f  t r a c t i o n  a n d  s p i n / s l i d e  d a t a  w i t h o u t  t h e  n e e d  
o f  a  c o n v e r s i o n  t a b l e .

A s e c o n d  d e p a r t u r e  f r o m  t h e  G V T P - s u g g e s t e d  m e t h o d  o f  
a n a l y s i s  r e s u l t e d  f r o m  t h e  l a c k  o f  i n f o r m a t i o n  r e g a r d i n g  e q u i 
v a l e n t  m a s s .  T h e  t r u e  m a s s  o f  t h e  v e h i c l e  w a s  u s e d  w h i c h  d i d  
n o t  i n c l u d e  t h e  a d d i t i o n a l  i n e r t i a  o f  r o t a t i n g  m a c h i n e r y .  
H o w e v e r ,  g i v e n  t h e  v a l u e  o f  t h e  e q u i v a l e n t  m a s s ,  t h e  c o e f f i 
c i e n t s  p r e s e n t e d  h e r e  c a n  b e  c o r r e c t e d  b y  m u l t i p l y i n g  e a c h  b y  
E M / 6 3 0 0  s l u g s  w h e r e  EM i s  t h e  c o r r e c t  t o t a l  e q u i v a l e n t  m a s s  o f  
t h e  c o n s i s t  i n  s l u g s .

T e s t  R e s u l t s ; T a b l e s  2 - 2  a n d  2 - 3  s u m m a r i z e  e a c h  s e t  o f  d a t a .  
T h e  b i d i r e c t i o n a l  a v e r a g e d  c o e f f i c i e n t s  a r e  a s  f o l l o w s :

C o e f f i c i e n t 2 - C a r SOAC C o m p a r i s o n

Ao . 0 4 1 . 0 5 1

A1 . 0 0 0 7 1 . 0 0 1 2 5

A2 . 0 0 0 0 2 4 . 0 0 0 0 2 4

SO AC c o e f f i c i e n t s ,  d e r i v e d  d u r i n g  t h e  p r o c e s s  o f  v a l i d a t i n g  t h e  
d r i f t  p r o c e d u r e ,  a r e  i n c l u d e d  h e r e  b e c a u s e  o f  a v a i l a b i l i t y .  
T h e r e  i s  n o  i n t e n t  t o  c o m p a r e  t h e  t w o  s y s t e m s  c o m p e t i t i v e l y .

2 . 5 . 4  D u t y  C y c l e :  F r i c t i o n  B r a k e s  ( T e s t  S e t  N o .  P - 5 0 0 1 - T T ) .

O b j e c t i v e : T o  d e t e r m i n e  t h e  t h e r m a l  c a p a c i t y  o f  t h e  v e h i c l e
f r i c t i o n  b r a k e  s y s t e m  w h i l e  o p e r a t i n g  o n  d u t y  c y c l e s  s i m i l a r  t o  
t h o s e  a n t i c i p a t e d  i n  r e v e n u e  s e r v i c e .

T e s t  D e s c r i p t i o n : D u t y  c y c l e  t e s t i n g  w a s  c a r r i e d  o u t  t o  s u b j e c t
t h e  WMATA c a r  f r i c t i o n  b r a k e s  t o  t h e  r e p e a t e d  a p p l i c a t i o n s  t h a t  
w o u l d  b e  e x p e r i e n c e d  d u r i n g  a  r e v e n u e  s e r v i c e  r u n .  T e s t s  w e r e  
c o n d u c t e d  o n  a  t w o - c a r  c o n s i s t  a t  AW2 v e h i c l e  w e i g h t ;  d y n a m i c  
b r a k i n g  w a s  d i s a b l e d .  B - 5  c o n t r o l l e r  p o s i t i o n  w a s  u s e d  f o r  a l l  
b r a k e  a p p l i c a t i o n s .  T h r e e  t y p e s  o f  r e v e n u e  s e r v i c e  r u n s  w e r e  
s i m u l a t e d :

a .  A c c e l e r a t e  t o  3 5  m i / h  ( 5 6  k m / h ) ,  m a i n t a i n  s p e e d  f o r  4 5
s e c o n d s  a n d  t h e n  b r a k e  t o  a  f u l l  s t o p .  F o l l o w i n g  a  3 0 -
s e c o n d  s t a t i o n  s t o p ,  r e p e a t  t h e  c y c l e .  T h i r t y  c y c l e s  w e r e  
m a d e ,  s i m u l a t i n g  a n  NYCTA 8 t h  A v e n u e  e x p r e s s  r e v e n u e  r u n .

b .  A c c e l e r a t e  t o  5 0  m i / h  ( 8 0  k m / h ) ,  m a i n t a i n  s p e e d  f o r  5 5
s e c o n d s  a n d  t h e n  b r a k e  t o  a  f u l l  s t o p .  F o l l o w i n g  a  3 0 -
s e c o n d  s t a t i o n  s t o p ,  r e p e a t  t h e  c y c l e .  S i x t e e n  c y c l e s  w e r e

T e x t  c o n t in u e s  on p a g e  38
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T A B L E  2 - 2 . T A B U L A T E D  D A T A  -  D R I F T T E S T S (N O R T H B O U N D ) .
2 - C a r C o n s i s t

INITIAL FINAL DELTA AVERAGE DELTA
VELOCITY (VO) VELOCITY (VF) VELOCITY (DV) VELOCITY TIME ACCEL. RESIST

(m i/h ) (m i/h ) (m i/h ) (m i/h ) ( s e c ) ( m i / h / s ) ( l h s )

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

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

ACCELERATION COEFFICIENTS OF RESISTANCE 
AO = 0 . 0 3 4 4  
A1 = 0 . 0 0 1 0 5
A2 = 0 .0 0 0 0 2 0 2  MASS IS  6 0 0 3 .7 2 6 7 8  SLOGS.
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T A B L E 2 - 3 . T A B U L A T E D  D A T A  -  D R I F T  

2 - C a r  C o n s i s t

T E S T S  ( S O U T H B O U N D ) .

INITIAL FINAL DELTA AVERAGE DELTA
VELOCITY (VO) VELOCTIY (VF) VELOCITY (DV) VELOCITY TIME ACCEL. RESIST

(m i/h ) (m i/h ) (m i/h ) (m i/h ) ( s e c ) ( m i / h / s ) ( l b s )

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

. 3 3 . 1 3 2 . 1 1 . 0 0 3 2 .6 1 0 . 0 0 . 0 9 5 5 2 . 3
3 2 . 1 3 1 . 3 0 . 8 0 3 1 . 7 1 0 . 0 0 . 0 8 4 8 0 . 3
3 1 . 3 3 0 .5 0 . 8 0 3 0 .9 1 0 . 0 0 . 0 8 5 0 4 . 3
3 0 . 5 2 9 . 6 0 . 9 0 3 0 .1 1 0 . 0 0 . 0 9 5 4 0 . 3
2 9 .6 2 8 . 8 0 . 8 0 2 9 .2 1 0 . 0 0 . 0 8 4 8 6 . 3
2 8 . 8 2 8 . 0 0 . 8 0 2 8 . 4 1 0 . 0 0 . 0 8 4 6 2 . 3
2 8 . 0 2 7 . 1 0 . 9 0 2 7 . 6 1 0 . 0 0 . 0 9 5 2 8 .3
2 7 . 1 2 6 . 3 0 . 8 0 2 6 .7 1 0 . 0 0 . 0 8 5 0 4 . 3
2 6 . 3 2 5 . 6 0 . 7 0 2 6 . 0 1 0 . 0 0 . 0 7 4 2 6 .3
2 5 . 6 2 4 . 6 1 . 0 0 2 5 . 1 1 0 . 0 0 . 0 9 5 5 2 . 3
2 4 . 6 2 4 . 1 0 . 5 0 2 4 .4 1 0 . 0 0 . 0 6 3 4 2 .2
2 3 . 9 2 3 . 3 0 . 6 0 2 3 .6 1 0 . 0 0 . 0 7 3 9 6 .2
2 3 . 3 2 2 . 4 0 . 9 0 2 2 .9 1 0 . 0 0 . 0 9 5 2 8 .3
2 2 . 4 2 1 . 8 0 . 6 0 2 2 . 1 1 0 . 0 0 . 0 6 3 3 6 .2
2 1 . 8 2 1 . 1 0 . 7 0 2 1 .5 1 0 . 0 0 . 0 8 4 5 0 .3
2 1 . 1 2 0 . 3 0 . 8 0 2 0 . 7 1 0 . 0 0 . 0 8 4 5 0 . 3
2 0 . 3 1 9 .6 0 . 7 0 2 0 .0 i o  :o 0 . 0 7 4 2 6 . 3
1 9 . 6 1 9 .0 0 . 0 6 1 9 .3 1 0 .0 0 . 0 6 3 6 0 .2
1 9 . 0 1 8 . 3 0 . 7 0 1 8 . 7 1 0 . 0 0 . 0 8 4 6 8 .3

ACCELERATION COEFFICIENTS OF RESISTANCE 
AO -  0 . 0 4 8 8  
A1 -  0 .0 0 0 3 8  
A2 »  0 . 0 0 0 0 2 8 5 MASS IS  6 0 0 3 .7 2 6 7 8  SLUGS
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made, sim ulating Cleveland T ransit System's (CTS) Cleveland 
a irp o rt rou te .

c

c. A 30-minute run with eighteen 15-second s ta tio n  stops a t  
various speeds which simulated a Washington M etropolitan 
Area T ransit A uthority revenue run represen ting  WMATA 
routes from Grosvenor to  Metro Center and S ilver Spring to  
Metro Center. The run i s  d e ta ile d  in  tab le  2-4 and was 
used fo r power consumption s tu d ies .

Chromel-Constantan thermocouples were attached to the 
right-hand disk  brake pad of the A-truck on WMATA car 1105, to 
measure both pad and disk tem peratures. The pad temperature 
thermocouple was bonded in to  a b lin d  hole d r i l le d  ra d ia lly  in  
the pad, and the disk  temperature thermocouple was bonded in to  a 
sim ilar hole exposed to  the face of the brake d isk ; th is  re 
presents a compromise since the thermocouple was not in  d ire c t 
contact with the d isk . The tem peratures from both sources were 
monitored continuously on an analog s t r ip  chart and were re 
corded on magnetic tape. The following combinations of var
iab les were te s te d :

Prime V ariable Test Conditions

Cruise Speed and Time (1) 35
seconds

mi/h (56 km/h) for 45

(2) 50 mi/h (80 km/h) for 55
seconds

(3) WMATA revenue p ro f ile

Car Weight AW2

Braking Mode F ric tio n  only, dynamic braking
disabled

Test R esu lts: Figures 2-18, and 2-19 A and B present brake
temperature data from runs 462, 463, and 464, which were made to  
the three revenue p ro f ile s  described above. The p lo ts  show disk 
and pad tem peratures fo r each s ta tio n  stop on the respective 
p ro f i le . In each case the temperature data was read a t the end 
of the s ta tio n  stop immediately p r io r  to  acce lera tion  of the car 
on the next p ro f i le  leg .

Peak tem peratures were recorded on the WMATA revenue pro
f i l e  for the brake disk (474°F (245.6°C) a t  the six teen th  s ta 
tio n  s to p ). The other two p ro f ile s  required  lower energy ab- 
sorbtion from the braking system, which was re fle c ted  in  the 
brake temperature p ro f ile s  fo r runs 463 and 464. Peak ro ta tin g  
disk tem peratures were 326°F (163°C) fo r the NYCTA p ro file  and 
388°F (198°C) fo r the CTS p ro f i le .

T e x t  c o n t in u e s  on p a g e  42



39

T A B L E  2 - 4 .  WMATA S IM U L A T E D  L I N E  P R O F I L E .

GROSVENOR TO METRO' CENTER. SILVER SPRING TO METRO CENTER

TIME AT 
START

START
STATION

DIRECTION P5
ACCEL.

TO:

CHANGE TO 
NEXT SPEED 
AT TIME:

NEXT
SPEED

CHANGE TO 
NEXT SPEED 
AT TIME:

1EXT
SPEED

CHANGE
AT

NEXT
SPEED

0 30 N 70 1.05 50 1.36 0

2.19 38.7 S 70 3.26 50 3.46 0

4 .2 4 30.9 N 75 5.42 0

S.32 39.1 3 50 7.15 50 7.30 0

3 .08 34.2 N 40 3.37 50 9.07 40 9.50 0

10.24 4 1 .0 S 50 10.58 0

11.36 ' 3 8 .4 S 50 12.20 0

13.03 3 4 .2 N 70 14.06 0

14.54 40.08 3 50 15.30 0

15.03 37.9 S 30 17 .01 . 0

17.40 33.3 N 75 19.22 0

20.13 44.3 S 75 21.48 0

22.39 33.7 N 70 23.49 55 24.0 0

24.40 41.1 S 50 25.31 55 25.36 0

26.14 36 .0 S. 75 27.23 55 27.53 0

28.38 25.9 N 40 29.07 45 29.15 40 29.34 0

30.07 29 .3 .N' 45 30.34 0

31.10 31.0 N 40 31.33 0
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WMATA RAP . I D T R A N S I T  CAR 
P E R F O R M A N C E - D U T Y  C Y C L E S  

P - 5 0 0 1 - T T

0 RUM MO.  4 6 2
0 WMATA S I M U L A T E D  R E V E N U E  P R O F I L E

0 2 - C A R  T R A I N ,  AW2  W E I G H T
0 F R I C T I O N - O N L Y  B R A K I N G
0 W E A T H E R :  7 0  ° F  T E M P .

2 2  M P H / 3 6 0 0 WI ND
0 B R A K E  T E M P E R A T U R E - C A R  1 1 0 5 ,  ' A '  T R U C K ,

MO.  2 A X L E

DUTY CYCLE -  TEMPERATURE v s .  STATION STOPS.FIGURE 2 -1 8 .
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0 RUN N O .  4 6 3  

0 N Y C T A  P R O F I L E  ( a )

0 2 - C A R  T R A I N ,  AW2 W E I G H T  
0 F R I C T I O N - O N L Y  B R A K I N G  
0 W E A T H E R :  7 0  ° F  T E M P .

2 2  M P H / 3 6 0 0 WI ND 
0 B R A K E  T E M P E R A T U R E  CAR 1 1 0 5 ,  

' A '  T R U C K ,  MO.  2 A XL E

WMATA R A P I D  T R A N S I T  CAR 
P E R F O R M A N C E - D U T Y  C Y C L E S  

P - 5 0 0 1 - T T

0 RUN N O .  4 6 4

DUTY CYCLE -  TEMPERATURE v s .  STATION STOPS.FIGURE 2 -1 9 .
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2.5 .5  Spin/Slide A cceleration (Test Set No. P-2011-TT), Spin/Slide De
c e le ra tio n  (Test Set No. P-3011-TT).

O bjective: To determine the e ffic ien cy  of the sp in /s lid e  pro
tec tio n  system during braking and accelera tion  throughout the 
speed range of the veh ic le .

A spray r ig , comprising a hydraulic pump, storage tank, and 
f lex ib le  hose was mounted in the lead car (car 1104) and con
nected to two spray nozzles mounted ahead of the lead axle of 
the "A" truck , spraying d ire c tly  on. the r a i l  head. A soap 
so lu tion  of liq u id  soap and water in  an approximate 10% so lu tion  
was used to  wet the r a i l .  The r a i l  was wetted p r io r  to  each 
t e s t  run by backing the t e s t  veh icle  a t  approximately 10 mi/h 
(16 km/h) over the section  of r a i l  designated fo r the t e s t  with 
the spray r ig  operating . With the r a i l  "conditioned" in  th is  
manner, accelera tion  and braking runs were made through th is  
section  of track .

A timing device in  the WMATA t r a n s i t  car propulsion lo g ic , 
which disengaged the sp in /s lid e  p ro tec tion  system a f te r  three 
seconds of continuous spins or s lid e s  on any axle, was not used 
fo r the t e s t .  The following combinations of va riab les  were 
tes ted :

Prime Variable Test Condition

Rail Condition Wetted r a i l ,  liq u id
soap and water 10% so lu tion

Brake Mode Blended and fr ic tio n -o n ly
brake modes

Test R esu lts: The sp in /s lid e  program was attempted during hot,
dry weather conditions which made adequate w etting of the r a i l  
extremely d i f f ic u l t ;  drying of the soap so lu tion  was almost 
immediate due to the r a i l  tem perature. Spins and s lid e s  could 
not be induced by r a i l  conditioning alone, as described above, 
and i t  was found necessary to  spray the soap so lu tion  on the 
t e s t  run, with the re s u lt  th a t only the wheels on the lead axle 
were lub rica ted  d ire c tly ;  each successive wheel passage removed 
some of the soap so lu tion . Only one or two te s ts  showed 
s ig n if ic a n t slippage of each of the f i r s t  four ax les.

Under these conditions, the approach to data analysis 
proposed in  the "General Vehicle Test Plan, Appendix C", is  
inappropriate . The GVTP approach assumes th a t each axle w ill  be 
lim ited  to the maximum adhesion derived from the adhesion t e s t .  
This was not so, because the cleaning e ffe c t of each successive 
wheelset removed the soap so lu tio n , so th a t each succeeding 
wheel experienced a higher c o e ff ic ie n t of f r ic t io n . E fficiency 
was defined as ac tual dece le ra tion , divided by "availab le" 
deceleration  as defined by the adhesion te s t .  Given the in 
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creased tra c tio n  of succeeding wheel se ts  due to  decreased soap 
so lu tio n , i t  is  lik e ly  th a t the GVTP procedure resu lted  in  
apparent e ff ic ie n c ie s  g rea ter than 100%.

A second approach has been used (S ta te -o f-the -A rt Car En
gineering  T ests, Report No. UMTA-MA-06-0025-75-1) in  instances 
where occasional peak accelera tions from the long itud inal ac
celerom eter can be a ttr ib u te d  to momentary nonslip conditions of 
a l l  ax les. These momentary peaks can be considered maximum 
adhesion p o in ts . The to ta l  tra c tiv e  e ffic ien cy  can then be 
determined by dividing the average acce lera tion  experienced by 
the peak values. For the WMATA sp in /s lid e  te s ts ,  i t  was not 
known fo r any te s t  th a t a l l  e igh t axles were s lipp ing , and the 
amount o f tra c tio n  experienced by the nonslipping wheels cannot 
be estim ated. Furthermore, i t  is  un like ly  th a t a l l  e igh t axles 
were p e rio d ica lly  slipp ing ; te s t  data are needed which corre
spond to  maximum adhesion for a l l  wheels. Using th is  method 
w ill  assuredly  produce a e ffic iency  le ss  than 100%, but never
th e less  one which is  m isleadingly high. Consequently, th is  
approach is  a lso  considered inappropriate fo r WMATA.

The authors conclude th a t the aforementioned problems, of 
determining availab le  adhesion a t each wheelset and of obtaining 
synchronous wheel spins or s lid es  on a l l  w heelsets, make GVTP 
procedures fo r determining the e ffic ien cy  of sp in /s lid e  pro
tec tio n  systems im practicable.

2 .5 .6  Power Consumption (Test Set No. PC-5011-TT).

O bjective: To determine the power consumption of the WMATA 
rapid  t r a n s i t  cars while operating on a sim ulated service route 
a t a defined leve l of schedule performance.

Test D escrip tion : Power consumption te s ts  were made for a 
two-car co n sis t a t  two vehicle weights, AW2 and AW3. The cars 
were operated over simulated revenue p ro f i le s , making scheduled 
s t a r t s ,  stops, and s ta tio n  dwells, and m aintaining predetermined 
block speeds between s ta tio n s .

Power consumption measurements were made using two watthour 
meters designed and constructed a t  TTC; each watt-hour meter 
gave a d ig i ta l  display of power consumption fo r indiv idual cars 
of a m arried p a ir . A functional descrip tion  of the meter is  
given in  section  3.3, "Power Consumption Watt-Hour Meter". 
Cumulative power consumption in  kilow att-hours was recorded a t 
the end of each s ta tio n  stop throughout each te s t  run.

Tests were conducted fo r two sim ulated revenue service 
p ro f ile s  represen ting , (a) the WMATA revenue p ro f ile  as d e ta iled  
in  tab le  2-4, above, and (b) the Advanced Concept Train-1 
(ACT-1) Synthetic T ransit Route, i l lu s t r a te d  in  figure 2-20.

T e x t  c o n t in u e s  on p a g e  45
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FIG U R E  2 - 2 0 .  A C T -1  SY N TH ETIC  T R A N S IT  R O U T E.
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T h e  WMATA s i m u l a t e d  l i n e  p r o f i l e  r e p r e s e n t s  a  t h e o r e t i c a l  
p r o f i l e  a s s e m b l e d  f r o m  G r o s v e n o r  t o  M e t r o  C e n t e r  a n d  S i l v e r  
S p r i n g  t o  M e t r o  C e n t e r  r o u t e s ,  m o d i f i e d  s l i g h t l y  f o r  u s e  o n  t h e  
T T T .  T h i s  p r o f i l e  i s  b a s i c a l l y  a  s e t  o f  1 8  r u n s  w i t h  t h e o r e t 
i c a l  s t a t i o n  s t o p s .  S t a t i o n  s t o p s  m a y  h a v e  v a r i e d  s l i g h t l y  f r o m  
p r o f i l e  t o  p r o f i l e  a s  t h e  r u n s  w e r e  m a d e  u s i n g  a  s t o p  w a t c h  t o  
k e y  t h e  e v e n t s  s h o w n  i n  f i g u r e  2 - 2 0 .

T h e  A C T - 1  s y n t h e t i c  t r a n s i t  r o u t e  i s  a  t h e o r e t i c a l  p r o f i l e  
d e s i g n e d  t o  m a k e  t h e  b e s t  u s e  o f  t h e  TTT a s  a  t o o l  f o r  c o m p a r a 
t i v e  e v a l u a t i o n  o f  t r a n s i t  v e h i c l e s .  T h e  r u n s  c o n d u c t e d  t o  t h i s  
p r o f i l e  w e r e  m a d e  i n  a  s l i g h t l y  d i f f e r e n t  m a n n e r  f r o m  t h o s e  
c o n d u c t e d  t o  t h e  WMATA p r o f i l e ,  i n  t h a t  t h e  a c t u a l  s t a t i o n  s t o p s  
a n d  b l o c k  m a x i m u m  s p e e d s  w e r e  m a i n t a i n e d  a s  a c c u r a t e l y  a s  p o s s i 
b l e ,  w i t h  n o  t a r g e t  t i m e s  f o r  e a c h  b l o c k .  A l l  p r o f i l e s  w e r e  
m a d e  u s i n g  P 5  a c c e l e r a t i o n  a n d  B 4  m a s t e r  c o n t r o l l e r  l e v e l s .

I n  a d d i t i o n  t o  t h e  GVT p o w e r  c o n s u m p t i o n  t e s t s  d e t a i l e d  
a b o v e ,  a  p o w e r  c o n s u m p t i o n  t e s t  p r o g r a m  w a s  c o n d u c t e d  o n  c a r s  
1 1 0 4 ,  1 1 0 5 ,  1 1 0 8 ,  a n d  1 1 0 9  d u r i n g  t h e  p e r i o d  f r o m  J a n u a r y  t o  
A u g u s t  1 9 7 7 .  A s t u d y  o f  6 0  p o w e r  c o n s u m p t i o n  r u n s  w a s  m a d e  a s  
p a r t  o f  t h e  p e r f o r m a n c e  e v a l u a t i o n  a n d  r e l i a b i l i t y  t e s t i n g  
( r e f e r e n c e ,  s e c t i o n  2 . 1 ) .  T h o s e  d a t a  h a v e  b e e n  u s e d  i n  t h i s  
r e p o r t  t o  a d d  s t a t i s t i c a l  d e p t h  t o  GVTP d a t a ,  t o  g a i n  i n f o r m a 
t i o n  r e p r e s e n t a t i v e  o f  y e a r - r o u n d  p e r f o r m a n c e ,  a n d  t o  s t u d y  t h e  
e f f e c t  o f  o p e r a t i o n  a t  l o w e r  a c c e l e r a t i o n  r a t e s  ( P 3  a n d  P 2  
c o n t r o l l e r  s e t t i n g s ) .  T h e  f o l l o w i n g  c o m b i n a t i o n s  o f  v a r i a b l e s  
w e r e  t e s t e d :

P r i m e  V a r i a b l e  

C a r  W e i g h t

T e s t  C o n d i t i o n s  

AW2 a n d  AW3

A c c e l e r a t i o n  R a t e M a s t e r  c o n t r o l l e r  P 5 ,  P 3 ,  a n d  P 2

S i m u l a t e d  R o u t e WMATA s i m u l a t e d  r e v e n u e  p r o f i l e  
A C T - 1  s y n t h e t i c  t r a n s i t  r o u t e

T e s t  R e s u l t s : T a b l e  2 - 5  p r e s e n t s  t y p i c a l  d a t a  f o r  a  WMATA 
s i m u l a t e d  l i n e  p r o f i l e  p o w e r  c o n s u m p t i o n  r u n  a t  AW3 v e h i c l e  
w e i g h t .  I n c r e m e n t a l  k i l o w a t t - h o u r  v a l u e s  f o r  e a c h  c a r  o f  t h e  
m a r r i e d  p a i r  a r e  t a b u l a t e d  f o r  e a c h  s t a t i o n  s t o p  f o r  t h e  
G r o s v e n o r / M e t r o  C e n t e r ,  S i l v e r  S p r i n g / M e t r o  C e n t e r  s i m u l a t e d  
p r o f i l e  r u n ,  a s s u m i n g  t h a t  t h e  s t a t i o n  s t o p s  u s e d  a t  TTC w e r e  
i d e n t i c a l .  E a c h  i n c r e m e n t a l  v a l u e  i n c l u d e s  k i l o w a t t - h o u r  p e r  
c a r - m i l e  v a l u e s  w h i c h  a r e  p r e s e n t e d  f o r  t h e  t o t a l  r u n  b y  a v e r 
a g i n g  p o w e r  c o n s u m e d  f o r  t h e  t w o - c a r  t r a i n .  S i n c e  t h e  c o n s i s t  i s  
a  " m a r r i e d "  p a i r ,  n o t  a l l  a u x i l i a r y  e q u i p m e n t  i s  c o m m o n  t o  e a c h  
i n d i v i d u a l  c a r .

F i g u r e s  2 - 2 1  a n d  2 - 2 2  i l l u s t r a t e  t h e  t r e n d s  o f  p o w e r  c o n 
s u m p t i o n  w i t h  v e h i c l e  w e i g h t ,  a n d  w i t h  r e d u c e d  p o w e r  a c c e l e r a 
t i o n s  u s i n g  P 3  a n d  P 2  m a s t e r  c o n t r o l l e r  p o s i t i o n s  r e s p e c t i v e l y .  
T h e  d a t a  w e r e  o b t a i n e d  f r o m  t h e  WMATA p o w e r  c o n s u m p t i o n  s t u d y .

T e x t c o n t in u e s  on p a g e  48
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TABLE 2 - 5 .  SUMMARY OF CAR ENERGY CONSUMPTION»

R U N !  2 7 4  W E I G H T :  A W 3

SIMULATED LINE PROFILE RUN

CUMULATIVE POWER 
CONSUMPTION

ACCELERATE FOR A REDUCE FOR A A B
TO AND TOTAL TO AND TOTAL CUMULATIVE KW-HR KW-HR DISTANCE

MAINTAIN TIME OF MAINTAIN TIME OF TIME OF CAR 1104 CAR 1105 MILES

G rosvenor 70 6 5 .2 1 :0 5 .2
60 3 1 .2 1 :3 6 .4

M ed ica l  C e n te r 0 4 2 .6 2 :1 9 .0 13 .4 12 .8 1 .63
70 6 7 .0 3 :2 6 .0

50 2 0 .2 3 : 4 6 .2
B e th esd a 0 37 .8 4 :2 4 .0 2 3 .5 2 3 .1 3 .06

75 7 8 .0 5 :4 2 .0
F r i e n d s h i p  H ts . 0 50 .8 6 :3 2 .8 37 .4 37.3 4 .59

60 4 4 .0 7 :1 6 .8
50 13 .8 7 :3 0 .6

T en ley  C i r c l e 0 37 .8 8 :0 8 .4 4 5 .4 45 .3 5 .50
40 2 9 .0 8 :3 7 .4
60 3 0 .0 9 :0 7 .4

40 4 3 .4 9 :5 0 .8
Van Ness 0 3 3 .2 1 0 :2 4 .0 5 6 .0 56 .7 6 .75

50 3 4 .3 1 0 :5 8 .6
C le v e la n d  Pk. 0 3 8 .5 1 1 :3 6 .8  . 6 1 .6 62 .0 7 .2 6

60 4 4 .0 1 2 :2 0 .8
Z o o lo g ic a l  Pk. 0 4 2 .6 1 3 :0 3 .4 69 .3 69 .5 8.03.

70 63 .0 1 4 :0 6 .4
Dupont C i r c l e 0 4 7 .8 1 4 :5 4 .2 8 1 .6 82 .4 9 .19

50 3 6 .0 1 5 :3 0 .2
F a r r a g u t  N orth 0 3 7 .8 1 6 :0 8 .0 86 .8 8 8 .1 9 .72

50 5 3 .2 17 :0 1 .2
A r r iv e  Metro C t r . 0 3 9 .6 1 7 :4 0 .8 9 2 .9 94 .2 10.49
S i l v e r  S p r in g 75 102 .1 1 9 :2 2 .9
Takoma 0 5 0 .7 2 0 :1 3 .6 1 1 0 .4 111 .7 12 .51

75 95 .0 2 1 :4 8 .6
F o r t  T o t te n 0 5 0 .8 2 2 :3 9 .4 121 .7 123 .3 14.46

70 7 0 .0 2 3 :4 9 .4
55 1 0 .8 2 4 :0 0 .2

B rook land 0 4 0 .2 24 :4 0 .4 1 34 .8 136 .2 15.80
60 5 1 .0 2 5 :3 1 .4

55 4 .7 2 5 :3 6 .1
Rhode I s l a n d  Ave. 0 3 8 .1 2 6 :1 4 .1 1 42 .0 144 .0 16 .71

75 6 9 .0 27 :2 3 .2
65 29 .8 2 7 :5 3 .0

Union S t a t i o n 0 4 5 .2 2 8 :3 8 .2 1 55 .9 157 .4 18.64
40 2 9 .0 29 :0 7 .2
45 9 .0 29 :1 6 .2

40 1 8 ,4 29 :3 4 .6
J u d i c i a r y  Square 0 33 .2 3 0 :0 7 .8 162 .3 163 .9 19 .24

45 2 7 .0 3 0 :3 4 .8
G a l l e r y  P la c e 0 35 .6 3 1 :1 0 .4 167 .0 169.0 19 .58

40 2 3 .0 3 1 :3 3 .4
A r r iv e  Metro C tr . 0 1 8 .2 3 1 :5 1 .6 1 7 1 .2 173 .3 19.73

1 0 18 .8  se c o n d s  892 .8  seco n d s

NOTE: 15 s eco n d s  d w e l l  t im e  a t  e a c h  s t a t i o n  i n c l u d e d :  e ach  power co n su m p tio n  v a lu e  i n c l u d e s  power
consumed d u r in g  th e  s t a t i o n  s t o p .

TOTAL TRIP TIME: 3 1 .8 6  m in u te s  TOTAL POWER CONSUMED: 344 .5  KW-HR
AVERAGE SPEED: 3 7 .16  mph TOTAL DISTANCE: 19 .73  m i le s

POWER CONSUMED PER CAR-MILE: 344 .5
2 x 19 .73

= 8 .7 3  KW-HR/CAR-MILE
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FIGURE 2 - 2 1 .  POWER CONSUMPTION -  TREND WITH CAR WEIGHT «

MASTER CONTROLLER POSITION

FIGURE 2 -2 2 • POWER CONSUMPTION -  TREND WITH MASTER CONTROLLER DEMAND.
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T h e , p l o t s  s h o w  a  v a r i a n c e  b e t w e e n  t h e  p o w e r  c o n s u m e d  f o r  
t h e  1 1 0 4 / 1 1 0 5  p a i r  o f  c a r s  a n d  t h e  1 1 0 8 / 1 1 0 9  p a i r ;  t h e  1 1 0 8 / 1 1 0 9  
p a i r  a l w a y s  r e q u i r e d  m o r e  p o w e r  t h a n  t h e  1 1 0 4 / 1 1 0 5  p a i r .  A 
c a r e f u l  c h e c k  a n d  r e c a l i b r a t i o n  o f  v o l t a g e  a n d  c u r r e n t  s e n s o r s  
w a s  c a r r i e d  o u t  o n  b o t h  c a r s  b u t  n o  r e a s o n  c o u l d  b e  f o u n d  f o r  
t h e  v a r i a t i o n  b e t w e e n  v e h i c l e s .

2 . 5 . 7  E q u i p m e n t  N o i s e  S u r v e y :  W a y s i d e  ( T e s t  S e t  N o .  C N - Q 0 0 1 - T T ) , E f f e c t  
o f  C a r  S p e e d  o n  W a y s i d e  N o i s e  L e v e l s  ( T e s t  S e t  N o .  C N - 1 0 0 1 - T T ) .

O b j e c t i v e : T o  d e t e r m i n e  t h e  c o n t r i b u t i o n  o f  a u x i l i a r y  e q u i p m e n t  
n o i s e  t o  t o t a l  s t a t i c  v e h i c l e  s i g n a t u r e ,  a n d  t o  d e t e r m i n e  t h e  
w a y s i d e  n o i s e  l e v e l s  d u r i n g  v e h i c l e  p a s s - b y  a t  c o n s t a n t  s p e e d .

T e s t  D e s c r i p t i o n : N o i s e  m e a s u r e m e n t s  w e r e  m a d e  a t  a  w a y s i d e  
s t a t i o n  a d j a c e n t  t o  r a i l  s t a t i o n  3 4 0 ,  5 0  f e e t  ( 1 5  m )  f r o m  t h e  
c e n t e r l i n e  o f  t h e  t r a c k  o n  t h e  o u t s i d e  o f  t h e  T T T  o v a l .  T h e  
t r a c k  a t  t h i s  s t a t i o n  i s  l e v e l  t a n g e n t ,  w e l d e d  1 1 9  l b / y d  r a i l  
( 5 9  k g / m )  o n  c o n c r e t e  t i e s  a t  3 0 "  c e n t e r s  ( 7 6 2  m m ) ;  t h e  m i c r o 
p h o n e s  w e r e  l o c a t e d  a p p r o x i m a t e l y  a t  t h e  l e v e l  o f  t h e  c a r  f l o o r .  
W a y s i d e  n o i s e  l e v e l s  w e r e  r e c o r d e d  w i t h  a  t a p e  r e c o r d e r  a t  
7 - l / 2 " / s  t a p e  s p e e d  u s i n g  a  d B  A - w e i g h t i n g  s c a l e .  A d d i t i o n a l  
n o i s e  l e v e l s  w e r e  r e c o r d e d  m a n u a l l y  b y  u s i n g  a  h a n d - h e l d  n o i s e  
l e v e l  m e t e r  s e t  t o  a  dB  A - w e i g h t i n g  s l o w  s c a l e .

A s t a t i o n a r y  w a y s i d e  s u r v e y  w a s  c a r r i e d  o u t  o n  t h e  t w o - c a r  
t r a i n  a t  AW0 v e h i c l e  w e i g h t ;  n o i s e  l e v e l s  w e r e  r e c o r d e d  w h i l e  
t h e  v e h i c l e ' s  h y d r a u l i c  p o w e r  u n i t  a n d  a i r  c o m p r e s s o r  c y c l e d  o n  
a n d  o f f .  T h e  p a s s e n g e r  d o o r s  w e r e  a l s o  c y c l e d  a n d  n o i s e  l e v e l s  
r e c o r d e d .

T h e  e f f e c t  o f  v e h i c l e  s p e e d  o n  w a y s i d e  n o i s e  l e v e l s  w a s  i n 
v e s t i g a t e d  b y  m a k i n g  a  s e r i e s  o f  r u n s  w i t h  a  t w o -  a n d  f o u r - c a r  
t r a i n  a t  AW0 v e h i c l e  w e i g h t ,  a n d  a  t w o - c a r  t r a i n  a t  AW3 v e h i c l e  
w e i g h t  a t  c o n s t a n t  p a s s b y  s p e e d .  D a t a  w e r e  r e c o r d e d  f o r  s p e e d  
i n c r e m e n t s  o f  1 5 ,  3 0 ,  4 5 ,  6 0  a n d  7 5  m p h  ( 2 4 ,  4 8 ,  7 2 ,  9 6 ,  a n d  1 2 0  
k m / h ) .  T h e  f o l l o w i n g  c o m b i n a t i o n s  o f  v a r i a b l e s  w e r e  t e s t e d :

P r i m e  V a r i a b l e s  T e s t  C o n d i t i o n s

C a r  S p e e d  S t a t i o n a r y  a n d  f i v e  s e l e c t e d
s p e e d s

C a r  W e i g h t  AW0 ( 2 - a n d  4 - c a r  t r a i n )
AW3 ( 2 - c a r  t r a i n )

T r a i n  C o n s i s t 2 - c a r  a n d  4 - c a r  t r a i n

T e s t  R e s u l t s : T h e  t e s t  r e s u l t s  p r e s e n t e d  h e r e  a r e  f r o m  t h e  
h a n d - h e l d  m e t e r ;  t h e  t a p e - r e c o r d e d  d a t a  w i l l  b e  t h e  s u b j e c t  o f  
a n  i n - d e p t h  a n a l y s i s ,  a n d  w i l l  b e  p u b l i s h e d  a s  a  f u t u r e  TTC  
t e c h n i c a l  r e p o r t .
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A w a y s i d e  s u r v e y  w i t h  t h e  t w o - c a r  s t a t i o n a r y  c o n s i s t  g a v e  
p e a k  n o i s e  l e v e l s  o f  6 1  dBA w i t h  a l l  a u x i l i a r y  s y s t e m s  o p e r a t i n g  
a n d  5 5  dB A  w i t h  h y d r a u l i c  p o w e r  u n i t  s h u t d o w n .  A m b i e n t  n o i s e  
l e v e l  w a s  3 6  dBA a n d  t h e  w i n d  v e l o c i t y  w a s  z e r o .

F i g u r e  2 - 2 3  i l l u s t r a t e s  t h e  t y p i c a l  n o i s e  l e v e l s  a t  5 0  f t  
( 1 5  m ) f r o m  t r a c k  c e n t e r l i n e ,  d u e  t o  a  t r a i n  p a s s i n g  a t  s p e e d s  
f r o m  -1 5  t o  7 5  m i / h  ( 2 4  t o  1 2 0  k m / h ) .  A m b i e n t  w i n d  c o n d i t i o n s  
w e r e  m a r g i n a l  f o r  t w o  o f  t h e  t e s t s ,  6  m i / h  ( 9 . 6  k m / h )  f o r  t h e  
t w o - c a r ,  AW3 t e s t  a n d  1 0 - 1 5  m i / h  ( 1 6 - 2 4  k m / h )  f o r  t h e  f o u r - c a r ,  
AWO t e s t .  T h e  2 - 4  dB c h a n g e  i n  n o i s e  l e v e l  d a t a  b e t w e e n  r u n s  i s  
t h o u g h t  t o - b e  m o r e  c l e a r l y  a t t r i b u t a b l e  t o  t h e  w i n d  s p e e d  a n d  
d i r e c t i o n  e f f e c t s  t h a n  t o  v e h i c l e  c o n f i g u r a t i o n ;  n o t e  t h a t  1 5 0 °  
w i n d  d i r e c t i o n  b l e w  g e n e r a l l y  f r o m  t h e  n o i s e  s t a t i o n  t o w a r d  t h e  
r a i l  , a n d  a  2 7 0 °  w i n d  d i r e c t i o n  b l e w  g e n e r a l l y  f r o m  t h e  r a i l  
t o w a r d  t h e  w i n d  m e a s u r e m e n t  s t a t i o n ,  w h i c h  c o r r e l a t e d  w i t h  t h e  
o b s e r v e d  c h a n g e s  i n  n o i s e  l e v e l .

2 . 5 . 8  I n t e r i o r  N o i s e : E f f e c t  o f  S p e e d  ( T e s t  S e t  N o . P N - 1 0 0 1 - T T ) ,  E f f e c t  
o f  T r a c k  T y p e  ( T e s t  S e t  N o . ,  P N - 1 1 0 1 - T T ) , I n t e r i o r  S u r v e y  ( T e s t  
S e t  N o .  P N - 1 3 0 1 - T T ) , A c c e l e r a t i o n  ( T e s t  S e t  N o .  P N - 2 0 1 1 - T T ) , 
D e c e l e r a t i o n  ( T e s t  S e t  N o .  P N - 3 0 1 1 - T T ) .

O b j e c t i v e : T o  e v a l u a t e  t h e  i n t e r i o r  a c o u s t i c  c h a r a c t e r i s t i c s  o f
t h e  WMATA r a p i d  t r a n s i t  c a r s ,  b y  s a m p l i n g  n o i s e  d a t a  a t  a  n u m b e r  
o f  l o c a t i o n s  r e p r e s e n t a t i v e  o f  s e a t e d  a n d  s t a n d i n g  p a s s e n g e r s ;  
s p e c i f i c a l l y ,  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  s p e e d ,  t r a c k  t y p e ,  
i n t e r i o r  l o c a t i o n , ,  a n d  v e h i c l e  a c c e l e r a t i o n  a n d  d e c e l e r a t i o n  o n  
n o i s e  l e v e l s  e x p e r i e n c e d  b y  t h e  v e h i c l e  p a s s e n g e r s .

T e s t  D e s c r i p t i o n : T h e  f i v e  t e s t  s e t s  d e s c r i b e d  h e r e  h a v e  b e e n  
g r o u p e d  t o g e t h e r  b e c a u s e  o f  t h e i r  s i m i l a r  o b j e c t i v e s  a n d  i n s t r u 
m e n t a t i o n ,  a n d  t h e  f a c t  t h a t  t h e y  w e r e  c o n d u c t e d  c o n c u r r e n t l y .

I n t e r i o r  n o i s e  m e a s u r e m e n t  t e s t i n g  w a s  c o n d u c t e d  i n  WMATA 
r a p i d  t r a n s i t  c a r  1 1 0 4 ,  w h i c h  w a s  u s e d  e x c l u s i v e l y  b e c a u s e  i t  
w a s  f u l l y  e q u i p p e d  w i t h  s e a t s  a n d  w a s  m o s t  r e p r e s e n t a t i v e  o f  a  
v e h i c l e  i n  r e v e n u e  s e r v i c e .  T h e  f i v e  m i c r o p h o n e  p o s i t i o n s ,  
i l l u s t r a t e d  i n  f i g u r e  2 - 2 4 ,  w e r e  c h o s e n  t o  r e p r e s e n t  t h e  e a r  
l e v e l  o f  s t a n d i n g  a n d  s e a t e d  p a s s e n g e r s  i n  t y p i c a l  p o s i t i o n s  
t h r o u g h o u t  t h e  l e n g t h  o f  t h e  c a r .

I n t e r i o r  n o i s e  l e v e l  d a t a  w e r e  r e c o r d e d  w i t h  a  t a p e  
r e c o r d e r  a t  7 - l / 2 “ / s  t a p e  s p e e d  u s i n g  a  d B  A - w e i g h t i n g  s c a l e .  
A d d i t i o n a l  a v e r a g e  n o i s e  l e v e l s  w e r e  e s t i m a t e d  a n d  r e c o r d e d  
m a n u a l l y  b y  u s i n g  a  h a n d h e l d  n o i s e  m e t e r  s e t  t o  a  dB  A - w e i g h t i n g  
s l o w  s c a l e .

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

a .  N o i s e  m e a s u r e m e n t s  w e r e  m a d e  a t  e a c h  m i c r o p h o n e  l o c a t i o n ,  
o v e r  a  r a n g e  o f  s p e e d s  f r o m  1 5  t o  7 5  m i / h  ( 2 4  t o  1 2 0  k m / h ) ,
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o n  t a n g e n t  t r a c k  w i t h  w e l d e d  r a i l  a n d  c o n c r e t e  t i e s .  T h e s e  
t e s t s  a c c o m p l i s h e d  t h e  g o a l s  o f  t h e  " E f f e c t  o f  S p e e d "  a n d  
" I n t e r i o r  S u r v e y "  GVTP t e s t  s e t s ,  a n d  w e r e  c o n d u c t e d  a t  AWO 
a n d  AW3 w e i g h t s .

b .  A s u r v e y  o f  t h e  e n t i r e  T r a n s i t  T e s t  T r a c k  w a s  m a d e  a t  5 0  
m i / h  ( 8 0  k m / h ) , r e c o r d i n g  n o i s e  l e v e l s  a t  m i c r o p h o n e  
p o s i t i o n s  # 4  a n d  # 5  f o r  e a c h  t y p i c a l  s e c t i o n  o f  t r a c k  a n d  
f o r  s w i t c h e s ,  g r a d e  c r o s s i n g s ,  a n d  t r a c k  p e r t u r b a t i o n s .  
Tw o v e h i c l e  w e i g h t s ,  AWO a n d  AW 3, w e r e  t e s t e d .  T h e s e  t e s t s  
m e t  t h e  r e q u i r e m e n t s  o f  t h e  " E f f e c t  o f  T r a c k  T y p e "  t e s t  
s e t .

c .  A c c e l e r a t i o n  a n d  b r a k i n g  t e s t  r u n s  w e r e  m a d e  f r o m  r e s t  t o  
7 5  a n d  7 5  m i / h  ( 1 2 0  k m / h )  t o  a  f u l l  s t o p  r e s p e c t i v e l y ,  
u s i n g  P 5  m a s t e r  c o n t r o l l e r  p o s i t i o n  f o r  a c c e l e r a t i o n  a n d  B 5 
m a s t e r  c o n t r o l l e r  p o s i t i o n  f o r  b r a k e  a p p l i c a t i o n ;  b l e n d e d  
a n d  f r i c t i o n - o n l y  b r a k e  m o d e s  w e r e  t e s t e d .  T h e  t e s t s  w e r e  
m a d e  o n  t a n g e n t  t r a c k  w i t h  w e l d e d  r a i l  a n d  c o n c r e t e  t i e s ,  
a t  t w o  v e h i c l e  w e i g h t s ,  AWO a n d  AW3. D a t a  w a s  r e c o r d e d  a t  
m i c r o p h o n e  l o c a t i o n s  # 1  a n d  # 2 .  T h e s e  t e s t s  m e t  t h e  
o b j e c t i v e s  o f  t h e  " A c c e l e r a t i o n "  a n d  " D e c e l e r a t i o n "  t e s t  
s e t s .  T h e  f o l l o w i n g  c o m b i n a t i o n s  o f  v a r i a b l e s  w e r e  t e s t e d :

P r i m e  V a r i a b l e s  

C a r  S p e e d

C a r  W e i g h t  

T r a c k  T y p e

I n t e r i o r  L o c a t i o n

T e s t  C o n d i t i o n

1 5 ,  3 0 ,  4 5 ,  6 0 ,  a n d  7 5  m i / h  
( 2 4 , 4 8 , 7 2 , 9 6 ,  a n d  1 2 0  k m / h )

AWO a n d  AW3

S i x  t r a c k  s e c t i o n s  c o m p r i s i n g  
t h e  TTT

F i v e  m i c r o p h o n e  l o c a t i o n s

T e s t  R e s u l t s : T h e  t e s t  d a t a  p r e s e n t e d  h e r e  w e r e  r e c o r d e d  u s i n g  
t h e  h a n d - h e l d  m e t e r ;  t h e  t a p e - r e c o r d e d  d a t a  w i l l  b e  t h e  s u b j e c t  
o f  a  l a t e r  i n - d e p t h  a n a l y s i s .  F i g u r e s  2 - 2 5  a n d  2 - 2 6  i l l u s t r a t e  
t h e  t r e n d s  o f  i n t e r i o r  n o i s e  l e v e l s  w i t h  s p e e d  o n  t a n g e n t  w e l d e d  
t r a c k  w i t h  c o n c r e t e  t i e s  a t  t w o  v e h i c l e  w e i g h t s ,  AWO a n d  AW3. 
T h e  i n t e r i o r  n o i s e  l e v e l s  v a r y  f r o m  6 0 - 6 5  dBA  a t  1 5  m i / h  ( 2 4  
k m / h ) ,  t o  6 5 - 7 0  dBA  a t  7 5  m i / h  ( 1 2 0  k m / h )  a n d  a r e  s e n s i t i v e  t o  
m i c r o p h o n e  l o c a t i o n .  T h e  n o i s i e s t  p a s s e n g e r  l o c a t i o n s  i n  t h e  
c a r  a r e  a d j a c e n t  t o  t h e  o p e r a t o r ' s  c a b  a n d  a t  l o n g i t u d i n a l  s e a t s  
l o c a t e d  a t  e i t h e r  e n d  o f  t h e  c a r ,  o v e r  t h e  t r u c k s .

T a b l e  2 - 6  s h o w s  t h e  r e s u l t s  o f  a  s u r v e y  o f  t h e  TTT 
c o n d u c t e d  a t  s t e a d y  5 0  m i / h  ( 8 0  k m / h ) , w i t h  t h e  h a n d - h e l d  n o i s e  
m e t e r  l o c a t e d  a t  m i c r o p h o n e  l o c a t i o n s  # 4  a n d  # 5 ,  r e s p e c t i v e l y  
( i . e . ,  t w o  o f  t h e  l e s s  f a v o r a b l e  s e t  l o c a t i o n s ) .  N o i s e  l e v e l s  
w e r e  e s t i m a t e d  f r o m  t h e  n o i s e  m e t e r  a s  t h e  t r a i n  t r a v e r s e d  t h e  
v a r i o u s  s e c t i o n s  o f  t r a c k .  G e n e r a l  n o i s e  l e v e l s  w e r e  i n  t h e  
r a n g e  7 1  t o  7 5  dB A  w i t h  m o m e n t a r y  p e a k s  a t  s w i t c h e s  a n d  c r o s s -
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TABLE 2 - 6  . IN T E R I O R  N O IS E  -  E F F E C T  OF TRACK S E C T IO N

0 VEHICLE WEIGHT AWO EFFECT OF TRACK SECTION, P N - 1 1 0 1 - T T

° " SPEED 50 MPH o HAND-HELD METER
" DIRECTION CLOCKWISE o ,jBA SL0W SCALE

RAIL
STATION

TRACK
SECTION TRACK TYPE ALIIIEMENT

NOISE LEVEL dBA

RUN 723 RUN 724 *

31 I I I 100 LB/YD JOINTED RAIL, WOODEN TIES TANGENT 73 74

38 IV 119 LB/YD WELDED RAIL, CONCRETE TIES TANGENT 71 72

44 IV 119 LB/YD WELDED RAIL. CONCRETE TIES 10 30 ' CURVE 75 74

NORTH TRANSIT 
SWITCH I 119 LB/YD WELDED RAIL, WOODEN TIES TANGENT 74 ___ ZZ______

NORTH TRANSIT 
CROSSING I 119 LB/YD WELDED RAIL, WOODEN TIES TANGENT 83 77

PDWER SPUR I 119 LB/YD WELDED RAIL, WOODEN TIES TANGENT 77 76

SOUTH TRANSIT 
SWITCH

I 119 LB/YD WELDED RAIL, WOODED TIES TANGENT 82 78

SOUTH TRANSIT 
CROSSING

I 119 LB/YD WELDED RAIL, WOODED TIES 1° 30 ' CURVE 75 74

24 I I 100 LB/YD WELDED RAIL, WOODEN TIES 1° 30 ' CURVE 72 73

■* RUN 723 = MICROPHONE LOCATION #4, 724 = LOCATION #5,
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i n g s .  T h e  w o r s t  r e c o r d e d  n o i s e  l e v e l  w a s  a  m o m e n t a r y  7 7 - 8 3  d B A  

w h e n  t r a v e r s i n g  t h e  N o r t h  T r a n s i t  g r a d e  c r o s s i n g .

N o i s e  l e v e l s  u n d e r  a c c e l e r a t i o n  w e r e  t y p i c a l l y  7 5  d B A  f o r  

m i c r o p h o n e  l o c a t i o n  # 1 ,  a n d  7 1  d B A  f o r  l o c a t i o n  # 2 ,  r e g a r d l e s s  

o f  v e h i c l e  w e i g h t .  B l e n d e d  b r a k i n g  n o i s e  l e v e l s  w e r e  a l s o  7 5  

d B A  a n d  7 1  d B A  r e s p e c t i v e l y  a t  l o c a t i o n s  # 1  a n d  # 2  w i t h  n o  

v a r i a t i o n  d u e  t o  v e h i c l e  w e i g h t .  F r i c t i o n - o n l y  b r a k e  n o i s e  

l e v e l s  w e r e  s i m i l a r  t o  b l e n d e d  b r a k e  m o d e s  a t  A W 3  v e h i c l e  w e i g h t  

f o r  m i c r o p h o n e  l o c a t i o n s  # 1  a n d  # 2 ,  b u t  w e r e  s u b s t a n t i a l l y  

h i g h e r ,  8 4  a n d  8 2  d B A  r e s p e c t i v e l y ,  a t  A W O  v e h i c l e  w e i g h t  

b e c a u s e  o f  p r o t r a c t e d  b r a k e  s q u e a l .

2 . 5 . 9  R i d e  R o u g h n e s s :  C o m p o n e n t  I n d u c e d  V i b r a t i o n  ( T e s t  S e t  N o .

R - 0 0 1 0 - T T ) ,  W o r s t  S p e e d s  ( T e s t  S e t  N o .  R - 1 1 0 1 - T T ) ,  A c c e l e r a t i o n  

( T e s t  S e t  N o .  R - 2 0 0 1 - T T ) ,  D e c e l e r a t i o n  ( T e s t  S e t  N o .  R - 3 0 0 1 - T T )

O b j e c t i v e s : T o  d e f i n e  t h e  r i d e  q u a l i t y  c h a r a c t e r i s t i c s  o f  t h e  

W M A T A  r a p i d  t r a n s i t  c a r  a n d  t o  d e t e r m i n e  t h e  e f f e c t s  o f  w e i g h t ,  

s p e e d ,  t y p e  o f  t r a c k ,  a c c e l e r a t i o n ,  a n d  d e c e l e r a t i o n  o n  r i d e  

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

t h e  v e h i c l e s '  a u x i l i a r y  e q u i p m e n t .

T e s t  D e s c r i p t i o n :  T h e  r i d e  q u a l i t y  e v a l u a t i o n  p r o g r a m  c o n s i s t e d  

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

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

a l t h o u g h  i d e n t i f i e d  b y  d i f f e r e n t  G V T P  t e s t  s e t  n u m b e r s ,  h a v e  

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

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

W M A T A  c a r  1 1 0 4  w a s  i n s t r u m e n t e d  f o r  r i d e  q u a l i t y  t e s t i n g .  

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

t r u c k ,  t h e  f o r w a r d  c a r  b o d y ,  a n d  t h e  m i d - c a r  b o d y .  F o r  c o m p o 

n e n t  v i b r a t i o n ,  a  s u p p l e m e n t a l  p r o b e  w a s  a d d e d  t o  m e a s u r e  

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

i n  c a r  1 1 0 5 .

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

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

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

c e n t e r l i n e .  T h e  m i d - c a r  l a t e r a l  a c c e l e r o m e t e r ,  a n d  t h e  m i d - c a r  

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

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

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

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

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

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

o f  s t i m u l u s  v i b r a t i o n ,  i f  o b j e c t i o n a b l e  l e v e l s  o f  c a r  v i b r a t i o n  

w e r e  e n c o u n t e r e d ;  t o  d a t e ,  i t  h a s  n o t  b e e n  n e c e s s a r y  t o  r e d u c e  

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

A W O , A W 2 , a n d  A W 3 , a n d  t w o  v e h i c l e  c o n f i g u r a t i o n s ,  w i t h  a n d  

w i t h o u t  1 / 8 "  s h i m s  ( 3  m m ) u n d e r  t h e  l a t e r a l  b u m p e r s .  T h e  

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

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

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

l a t e r a l  m o t i o n .

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

j e c t i v e s ,  t h e  t w o - c a r  t r a i n  ( c a r s  1 1 0 4  a n d  1 1 0 5 )  w a s  p o s i t i o n e d  

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

v e h i c l e ' s  a u x i l i a r y  s y s t e m s ,  i . e . ,  i t s  m o t o r  g e n e r a t o r  s e t ,  t h e  

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

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

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

i n  t h e  a r e a s  o f  t h e  r e s p e c t i v e  s y s t e m s .

" W o r s t  s p e e d "  r i d e  r o u g h n e s s  t e s t  o b j e c t i v e s  w e r e  m e t  b y  

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

i n c r e m e n t s  f r o m  1 5  t o  7 5  m i / h  ( 2 4  t o  1 2 0  k m / h ) .  T h e  t e s t s  

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

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

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

p r o p e r t i e s .

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  a n d  d e c e l e r a t i o n  t e s t  o b j e c 

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

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

w e r e  m a d e  f r o m  a  s t a n d i n g  s t a r t  t o  7 5  m i / h  ( 1 2 0  k m / h )  a t  P 5  

m a s t e r  c o n t r o l l e r  d e m a n d  ( i . e . ,  m a x im u m  a c c e l e r a t i o n )  a n d  d e c e l 

e r a t i o n  r u n s  w e r e  m a d e  f r o m  7 5  m i / h  ( 1 2 0  k m / h )  t o  a  f u l l  s t o p  a t  

B 5  m a s t e r  c o n t r o l l e r  d e m a n d  ( f u l l  s e r v i c e  b r a k i n g ) .

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

P r i m e  V a r i a b l e s T e s t  C o n d i t i o n

C a r  W e i g h t AW O, A W 2 , AW 3

S p e e d 1 5 , 3 0 ,  4 5 ,  6 0 ,  a n d 7 5 m i / h

( 2 4 , 4 8 , 7 2 ,  9 6 , a n d 1 2 0  k m / h )

T r a c k T T T T r a c k S e c t i o n s I t h r o u g h  V I

A n a l y s i s  P r o c e d u r e : A  b r i e f  d e s c r i p t i o n  o f  t h e  t e c h n i q u e s  u s e d  

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

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

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

U n f i l t e r e d  a c c e l e r o m e t e r  d a t a  w a s  r e c o r d e d  o n  m a g n e t i c  t a p e  

w i t h  t i m i n g , • t r a c k  s e c t i o n  m a r k e r s ,  a n d  c a r  s p e e d .  S u b s e q u e n t l y  

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

m e a n  s q u a r e  (R M S )  c o n v e r s i o n  d e v i c e s  t o  p r o v i d e  r i d e  q u a l i t y
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t i m e  h i s t o r i e s ,  f i g u r e  2 - 2 7 .  T h e  f i l t e r s  u s e d  a p p r o x i m a t e d  t h e  

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

2 - 2 8  a n d  2 - 2 9 ,  f o r  v e r t i c a l  r i d e  r o u g h n e s s  a n d  h o r i z o n t a l  r i d e  

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

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

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

c r i t i q u e  o f  t h e i r  p e r f o r m a n c e  i s  c o n t a i n e d  i n  s e c t i o n  5 .

A s  a  p a r a l l e l  p r o c e s s i n g  a c t i v i t y ,  m a g n e t i c  t a p e s  w e r e  

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

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

( P S D 1s )  a s  r e q u i r e d .  T h e  P S D ' s  w e r e  u s e d  t o  p e r f o r m  a c c u r a t e  

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

n a t i o n .  T h e  P S D  f i l t e r i n g  o p e r a t i o n  w a s  a  m a n u a l  e n t r y  t a s k ;  a s  

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

c a s e s .  C o n s e q u e n t l y ,  t h e  RMS v a l u e s  w h i c h  a p p e a r  o n  t h e  f i l 

t e r e d  P S D  p l o t s  d o  n o t  n e c e s s a r i l y  c o r r e s p o n d  t o  t h e  RMS v a l u e s  

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

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

T e s t  R e s u l t s : T e s t  r e s u l t s  a r e  s u m m a r i z e d  b e l o w .

C o m p o n e n t  I n d u c e d  V i b r a t i o n  D a t a .

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

f i c a n t  f o r  t h e  s t a t i o n a r y  t e s t  p r o g r a m  w i t h  t h e  e x c e p t i o n  o f  

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

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

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

u n i t .  L a t e r a l  r i d e  r o u g h n e s s  r e m a i n e d  a t  l e s s  t h a n  0 . 0 0 2  g  

s i n g u l a r  a n d  v e r t i c a l  r i d e  r o u g h n e s s  a t  l e s s  t h a n  0 . 0 0 1  g .

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

v e r t i c a l  r i d e  r o u g h n e s s  t o  0 . 0 0 7  g ,  b u t  d i d  n o t  a f f e c t  t h e  

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

c o m p r e s s o r  i n c r e a s e d  v e r t i c a l  r o u g h n e s s  s l i g h t l y  t o  0 . 0 1 1  g ,  b u t  

a g a i n  d i d  n o t  a f f e c t  l a t e r a l  r i d e  q u a l i t y .

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

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

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

o f  0 . 0 2 5  g .  T h i s  m o d e r a t e  l e v e l  i s  c o m p a r a b l e  t o  c o n s t a n t  s p e e d  

r i d e  q u a l i t y  a t  7 5  m i / h  ( 1 2 0  k m / h ) ,  b u t  m a y  n o t  b e  r e p r e s e n 

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

t h e  p r o b e  l o c a t i o n .  C o n c e i v a b l y ,  t h e  p r o b e  c o u l d  h a v e  b e e n  

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

i m m e d i a t e l y  a b o v e  t h e  c o m p r e s s o r .

W o r s t  S p e e d s / T r a c k  T y p e  D a t a .

F i g u r e s  2 - 3 0  t h r o u g h  2 - 4 1  a r e  p l o t s  o f  R M S - a v e r a g e d ,  r i d e  

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

T e x t  c o n t in u e s  on pa g e  74
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a c c e l e r o m e t e r s ,  a n d  i l l u s t r a t e  t h e  e f f e c t s  o f  t r a c k  s e c t i o n ,  
s p e e d ,  d i r e c t i o n ,  v e h i c l e  w e i g h t ,  a n d  s h i m m e d / u n s h i m m e d  l a t e r a l  
b u m p e r s  o n  r i d e  q u a l i t y .

A c o m p a r i s o n  o f  d i r e c t i o n ,  f i g u r e  2 - 3 0 ,  a b o v e ,  s h o w s  a  
s l i g h t l y  i m p r o v e d  r i d e  a t  7 5  m i / h  ( 1 2 0  k m / h )  i n  t h e  c l o c k w i s e  
d i r e c t i o n .  H o w e v e r ,  t h i s  i s  m o r e  l i k e l y  a t t r i b u t a b l e  t o  s m a l l  
d i f f e r e n c e s  i n  s t a r t  a n d  s t o p  t i m e s  o f  RMS e v a l u a t i o n s  t h a n  a n y  
r e a l  d i f f e r e n c e  i n  t r a c k  c h a r a c t e r i s t i c s .  T h e  s a m e  c o m p a r i s o n  
a t  3 0  m i / h  ( 4 8  k m / h )  s h o w s  n o  d i f f e r e n c e  i n  t h e  t r a c k  b e t w e e n  
t r a c k  s t a t i o n  m a r k e r s  1 2 0  a n d  1 5 0 ,  f i g u r e  2 - 3 1 .

D i f f e r e n t  t r a c k  s e c t i o n s  d i d  e x h i b i t  v a r i a t i o n s  i n  r i d e  
q u a l i t y ,  f i g u r e s  2 - 3 2  a n d  2 - 3 3 ,  w i t h  t r a c k  b e t w e e n  s t a t i o n s  2 1 5  
t o  2 8 0  g i v i n g  t h e  r o u g h e s t  r i d e  a n d  s t a t i o n s  4 5 0  t o  4 8 0  t h e  
s m o o t h e s t .

C a r  w e i g h t  h a d  s l i g h t ,  i f  a n y ,  e f f e c t  u p o n  r i d e  r o u g h n e s s ,  
f i g u r e s  2 - 3 4  a n d  2 - 3 5 ,  b a s e d  u p o n  c o m p a r i s o n s  m a d e  f o r  d a t a  f r o m  
r a i l  s t a t i o n s  5 2 0  t h r o u g h  5 0 .  T h e r e  i s  s o m e  i n d i c a t i o n  t h a t  t h e  
l i g h t e r  AW0 w e i g h t  e x h i b i t e d  a  r o u g h e r  v e r t i c a l  r i d e  o v e r  t h e  
e n t i r e  f r e q u e n c y  r a n g e  w i t h  s h i m s  u n d e r  t h e  l a t e r a l  b u m p  s t o p s ,  
a l t h o u g h  n o  r a t i o n a l  e x p l a n a t i o n  c a n  b e  m a d e .  I n  a n y  c a s e ,  
d i f f e r e n c e s  a p p e a r  t o  b e  s l i g h t .

F i g u r e s  2 - 3 6  t h r o u g h  2 - 3 8  i l l u s t r a t e  t h e  e f f e c t  o f  l a t e r a l  
b u m p e r  s h i m s  f o r  t h e  t r a c k  f r o m  r a i l  s t a t i o n s  5 2 0  t o  5 0 ;  t h i s  
t r a c k  s e c t i o n  i n c l u d e s  a  s w i t c h  a n d  a  g r a d e  c r o s s i n g ,  a n d  c o u l d  
c o n c e i v a b l y  p r o d u c e  t h e  l a r g e s t  l a t e r a l  e x c i t a t i o n .  D i f f e r e n c e s  
b e t w e e n  s h im m e d  a n d  u n s h i m m e d  d a t a  a r e ,  h o w e v e r ,  m i n o r ,  w i t h  t h e  
m o s t  s i g n i f i c a n t  c h a n g e  a t  AW3 v e h i c l e  w e i g h t .  A n  i m p r o v e m e n t  
o f  a p p r o x i m a t e l y  0 . 0 0 2  g  RMS i s  s h o w n  f o r  s h i m m e d  b u m p e r s  a t  
3 0 - 4 5  m i / h  ( 4 8 - 7 2  k m / h ) . F i g u r e s  2 - 3 9  t h r o u g h  2 - 4 1  e x a m i n e  t h e  
e f f e c t  o f  s h i m s  o n  o t h e r  t r a c k  s e c t i o n s ,  a g a i n  s h o w i n g  n o  
c l e a r l y  d e f i n e d  t r e n d s .

T h e  r e l a t i v e l y  l a r g e  d i f f e r e n c e s  i n  l a t e r a l  r i d e  r o u g h n e s s  
e v i d e n t  i n  f i g u r e  2 - 4 0  f o r  t h e  t r a c k  b e t w e e n  r a i l  s t a t i o n s  3 6 0  
a n d  3 8 5  ( t a n g e n t  t r a c k ) ,  a r e  c o n s i d e r e d  t o  b e  d u e  t o  l o w  a m p l i 
t u d e  b o d y  m o t i o n ,  a n d  a s  s u c h ,  c a r r y  l i t t l e  w e i g h t  i n  e v a l u a t i n g  
t h e  e f f e c t  o f  s h i m s  u n d e r  t h e  l a t e r a l  b u m p e r s .

A c c e l e r a t i o n / D e c e l e r a t i o n  D a t a .

F i g u r e  2 - 4 2  s h o w s  a  t y p i c a l  t i m e  h i s t o r y  f o r  t h e  f o r w a r d  
v e r t i c a l  a n d  l a t e r a l  v e h i c l e  b o d y  a c c e l e r o m e t e r s  d u r i n g  a n  a c 
c e l e r a t i o n  f r o m  r e s t  t o  7 5  m i / h  ( 1 2 0  k m / h )  a t  P 5  m a s t e r  
c o n t r o l l e r  p o s i t i o n ,  f o l l o w e d  b y  a  d e c e l e r a t i o n  f r o m  7 5  m i / h  
( 1 2 0  k m / h )  t o  a  f u l l  s t o p  a t  B 5  m a s t e r  c o n t r o l l e r  p o s i t i o n ;  t h e  
r u n  w a s  m a d e  i n  a  n o r t h b o u n d  d i r e c t i o n .  V e r t i c a l  a n d  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 s  a r e  s h o w n  s c a l e d ,  u n f i l t e r e d ,  p r o c e s s e d  
t h r o u g h  t h e  v e r t i c a l  a n d  h o r i z o n t a l  r i d e  r o u g h n e s s  f i l t e r  n e t 
w o r k s  a n d  RMS t o  DC c o n v e r t e r  r e s p e c t i v e l y .  T r a n s i e n t  v e r t i c a l

T e x t  c o n t in u e s  on pa g e  76
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a n d  l a t e r a l  a c c e l e r a t i o n  p e a k s  a r e  a p p a r e n t  a t  a p p r o x i m a t e l y  6 0  
t o  7 0  m i / h  ( 9 6  t o  1 1 2  k m / h )  u n d e r  a c c e l e r a t i o n ,  w i t h  a  f u r t h e r  
v e r t i c a l  p e a k  a t  7 0  m i / h  ( 1 1 2  k m / h )  u n d e r  b r a k i n g .  H o w e v e r ,  
w i t h o u t  a  c o m p r e h e n s i v e  t r a c k  g e o m e t r y  c h a r a c t e r i z a t i o n  o f  t h e  
t r a c k  o v e r  t h e  s e c t i o n  u s e d  f o r  t h e  r u n ,  i t  i s  n o t  p o s s i b l e  t o  
d e t e r m i n e  i f  t h e  t r a n s i e n t s  a r e  c a r  o r  t r a c k  i n d u c e d .

2 . 5 . 1 0  S i m u l a t e d  R e v e n u e  S e r v i c e  ( T e s t  S e t  N o .  R S - 5 0 0 1 - T T ) .

O b j e c t i v e ; T o  d e t e r m i n e  t h e  d y n a m i c  r e s p o n s e  o f  t h e  t e s t  
v e h i c l e  w h i l e  o p e r a t i n g  o n  a  s a m p l e  s e r v i c e  r o u t e  a t  a  d e f i n e d  
l e v e l  o f  s c h e d u l e  p e r f o r m a n c e .  T o  p r o v i d e  a  m e a s u r e  o f  t r a c k  
c o n d i t i o n s ,  r i d i n g  c o m f o r t ,  a n d  n o i s e  l e v e l s .

T e s t  D e s c r i p t i o n : A  t w o - c a r  t r a i n  w a s  o p e r a t e d  a t  AW2 v e h i c l e  
w e i g h t  o v e r  tw o  s i m u l a t e d  r e v e n u e  p r o f i l e s ,  t h e  WMATA p r o f i l e  
a n d  t h e  A C T -1  p r o f i l e ,  a s  u s e d  f o r  t h e  p o w e r  c o n s u m p t i o n  t e s t  
o b j e c t i v e s  a n d  d e s c r i b e d  i n  t a b l e  2 - 4  a n d  f i g u r e  2 - 2 0  ( a b o v e )  
r e s p e c t i v e l y .  C o n t i n u o u s  d a t a  w e r e  r e c o r d e d  f r o m  a  s e r i e s  o f  
c a r  b o d y  a n d  t r u c k  m o u n t e d  a c c e l e r o m e t e r s  c o n f i g u r e d  a s  f o r  t h e  
r i d e  r o u g h n e s s  t e s t s  d e s c r i b e d  i n  2 . 5 . 9 .  C o n t i n u o u s  a c c e l e r 
o m e t e r  d a t a  w e r e  r e c o r d e d  t h r o u g h o u t  t h e  s i m u l a t e d  r e v e n u e  
s e r v i c e  r u n s .

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

P r i m e  V a r i a b l e  

C a r  W e i g h t  

B r a k i n g  

T r a i n  C o n s i s t  

R o u t e

T e s t  C o n d i t i o n s  

AW2

N o r m a l  s e r v i c e  B 4 ,  B 5 

2 - c a r

( 1 )  WMATA r e v e n u e  p r o f i l e

( 2 )  A C T -1  s y n t h e t i c  t r a n s i t  r o u t e

T e s t  R e s u l t s : A n a l o g  a n d  d i g i t a l  t a p e  r e c o r d s  o f  t h e  s i m u l a t e d  
r e v e n u e  s e r v i c e  r u n s  a r e  a v a i l a b l e  a t  t h e  TTC  a n d  c a n  b e  
p r o c e s s e d ,  f o l l o w i n g  a p p r o p r i a t e  a p p r o v a l s ,  f o r  a n y  i n t e r e s t e d  
p a r t y .  B e c a u s e  o f  t h e  m a g n i t u d e  o f  t h e  t a s k ,  n o  a t t e m p t  h a s  
b e e n  m a d e  t o  a n a l y z e  a n d  i n c l u d e  t h e  d a t a  i n  t h i s  r e p o r t .

2 . 5 . 1 1  R a d i o  F r e q u e n c y  I n t e r f e r e n c e  ( T e s t  S e t  N o .  P S I - 6 0 0 1 - T T ) .

O b j e c t i v e : T o  d e t e r m i n e  t h e  l e v e l s  o f  b r o a d  b a n d  r a d i a t e d
e l e c t r o - m a g n e t i c  e m i s s i o n  f r o m  t h e  t e s t  v e h i c l e  t o  t h e  w a y s i d e .
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T e s t  D e s c r i p t i o n ; E l e c t r i c a l  f i e l d  i n t e n s i t y  m e a s u r e m e n t s  w e r e  
m a d e  f o r  a  t w o - c a r  t r a i n  c o m p r i s i n g  WMATA r a p i d  t r a n s i t  c a r s  
1 1 0 4  a n d  1 1 0 5 ,  a t  AWO v e h i c l e  w e i g h t .  T e s t  r u n s  w e r e  m a d e  b y  
d r i v i n g  t h e  t r a i n  p a s t  a  s t a t i o n a r y  f i e l d  i n t e n s i t y  m e t e r  a t  
c o n s t a n t  s p e e d s  u p  t o  7 5  m i / h  ( 1 2 0  k m / h ) ,  a n d  u n d e r  a c c e l e r a t i o n  
a n d  b r a k i n g  i

T h e  f i e l d  m e a s u r e m e n t  s t a t i o n  w a s  l o c a t e d  a t  s t a t i o n  3 4 0 ,  
1 0 0  f t  ( 3 0  m ) f r o m  t h e  t r a c k  c e n t e r l i n e  o n  t h e  i n s i d e  o f  t h e  TTT 
l o o p .  T h e  c e n t e r  o f  t h e  a n t e n n a  w a s  l o c a t e d  a p p r o x i m a t e l y  5 - 6  
f t  ( 1 . 5 - 1 . 8  m ) a b o v e  g r o u n d  l e v e l  a n d  1 0  f t  ( 3  m ) a b o v e  t h e  
r a i l .  A r a d i o  f r e q u e n c y  i n t e r f e r a n c e  ( R F I )  m e t e r  w i t h  a  d i s c o n e  
a n t e n n a  w a s  u s e d  t o  s c a n  f i e l d  i n t e n s i t y  i n  t h e  r a n g e  3 0  t o  2 0 0  
M H z. R e a d i n g s  w e r e  n o t  t a k e n  b e l o w  3 0  MHz b e c a u s e  a  l o w - n o i s e  
p o w e r  s o u r c e  w a s  n o t  a v a i l a b l e .

T e s t  R e s u l t s : T a b u l a t e d  v a l u e s  o f  r a d i a t e d  e l e c t r o - m a g n e t i c  
e m i s s i o n s  o v e r  t h e  f r e q u e n c y  r a n g e  3 0  t o  2 0 0  MHz f o r  a  r a n g e  o f  
c a r  p a s s - b y  s p e e d s  a r e  p r e s e n t e d  i n  t a b l e  2 - 7 .  F i g u r e  2 - 4 3  i l 
l u s t r a t e s  t h e  g e n e r a l  t r e n d  o f  e l e c t r o - m a g n e t i c  e m i s s i o n s ,  w h i c h  
a p p e a r  t o  b e  i n d e p e n d e n t  o f  s p e e d  o r  m o d e  o f  o p e r a t i o n .

T e x t  c o n t in u e s  on page 80
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TABLE 2 - 7 .  R A D IO  FREQUENCY IN T ER FE R E N C E  T E S T  R E S U L T S .

FREQ.
(MHz) POLARITY

CAR SPEED
(mi/h)

J

CORRECTED READING 
(dB)

30 VERTICAL 40 49
30 VERTICAL 50 54
30 HORIZONTAL 15 39
55 VERTICAL 60-75 48
55 HORIZONTAL 60-75 38
55 VERTICAL 30-0 43
75 VERTICAL 50 40
75 HORIZONTAL 50 25

105 VERTICAL 30-10 Z8
105 VERTICAL 60 33
105 HORIZONTAL 60 28
150 VERTICAL 50 29
150 HORIZONTAL 60 29
175 VERTICAL 75 27
190 VERTICAL 75 36
200 VERTICAL 60 33
200 HORIZONTAL 60 34

0 WMATA Rapid T r a n s i t  Cars 1104 & 1105.

0 2 - Car  T r a i n  a t  AWO Ve h i c l e  Wei ght .

0 F i e l d  I n t e n s i t y  Measurement s  a t  

Ra i l  S t n .  34

100 F t .  f rom Tr ack  C e n t e r l i n e .

0 Di scone  Ant e nna .

0 RFI Met er  (At  .05 second  p e a k ) .
• • ?

0 Antenna C o r r e c t i o n s  a p p l i e d .
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3.0 DAT&HcQUISITION AMD INSTRUMENTATION DESCRIPTION

T h i s  s e c t i o n  d e s c r i b e s  t h e  d a t a  a c q u i s i t i o n  s y s t e m  u s e d  t o  
g a t h e r  GVTP d a t a  f o r  t h e  WMATA t e s t  p r o g r a m  a n d  t h e  i n s t r u m e n 
t a t i o n  s e n s o r s  u s e d  f o r  e a c h  t e s t  o b j e c t i v e .

3 . 1  IN T R O D U C TIO N .

T h e  i n s t r u m e n t a t i o n  r e q u i r e m e n t s  o f  t h e  WMATA r a p i d  t r a n s i t  
c a r  GVTP p r o g r a m  w e r e  d i v i d e d  i n t o  f o u r  b a s i c  g r o u p s  a c c o r d i n g  
t o  t h e  t y p e  o f  t e s t  t o  b e  p e r f o r m e d :

o  P e r f o r m a n c e  ( A c c e l e r a t i o n ,  D e c e l e r a t i o n ,  P o w e r
C o n s u m p t i o n ,  A d h e s i o n ) .

o  V e h i c l e  D y n a m ic s  ( R i d e  R o u g h n e s s ,  S i m u l a t e d  R e v e n u e
Service).

o  N o i s e  ( C o m m u n i ty  o r  W a y s i d e  N o i s e ,  I n t e r i o r  N o i s e ) ,  

o  R a d i o  F r e q u e n c y  I n t e r f e r e n c e .

P e r f o r m a n c e  a n d  v e h i c l e  d y n a m i c s  t e s t  p h a s e s  w e r e  c a r r i e d  
o u t  u s i n g  a  s e r i e s  o f  c a r - m o u n t e d  s e n s o r s  d e t a i l e d  i n  t a b l e s  3 - 1  
t h r o u g h  3 - 8 .  T h e  d a t a  w a s  a c q u i r e d  b y  a n  o n b o a r d  a n a l o g  d a t a  
a c q u i s i t i o n  s y s t e m .  T h e  s y s t e m  i n c l u d e d  s i g n a l  c o n d i t i o n e r s ,  
f i l t e r s ,  a n d  tw o  1 4 - t r a c k  t a p e  r e c o r d e r s .  D e t a i l s  c o n c e r n i n g  
t h e  d a t a  a c q u i s i t i o n  s y s t e m s  c a n  b e  o b t a i n e d  f r o m  t h e  TTC  i f  
t h e y  a r e  r e q u i r e d  f o r  u n d e r s t a n d i n g  o f  t h e  d a t a  a c c u r a c y  a n d  
c h a r a c t e r i s t i c s .

N o i s e  t e s t s  w e r e  c o n d u c t e d  u s i n g  a  h a n d - h e l d  s o u n d  l e v e l  
r e c o r d e r  a n d  tw o  m i c r o p h o n e s  t o  r e c o r d  t h e  d a t a ;  t h e  r e c o r d e r  
w a s  a  b a t t e r y  o p e r a t e d ,  p o r t a b l e  u n i t .  I n  a d d i t i o n ,  tw o  p o r 
t a b l e  s o u n d  l e v e l  m e t e r s  w i t h  m i c r o p h o n e s  w e r e  u s e d  f o r  s u r 
v e y i n g  t h e  t e s t  a r e a s ,  a n d  a s  a  b a c k u p  t o  t h e  t a p e - r e c o r d e d  

■ d a t a .  T h e  t a p e d  d a t a  w e r e  r e c o r d e d  a t  7 - l / 2 M/ s  t a p e  s p e e d  u s i n g  
a  dB  s c a l e  w i t h  A - w e i g h t i n g .  T h e  h a n d - h e l d  m e t e r s  w e r e  s e t  t o  a  
dB  s c a l e  w i t h  A - w e i g h t i n g  a n d  s l o w  r e s p o n s e .  R a d i o  f r e q u e n c y  
i n t e r f e r e n c e  t e s t s  w e r e  c o n d u c t e d  u s i n g  a  d i s c o n e  a n t e n n a  a n d  a  
R F I  m e t e r .

3 . 2  ONBOARD ANALOG DATA A C Q U IS IT IO N  SY STEM .

A n  a n a l o g  d a t a  s y s t e m  c a p a b l e  o f  r e c o r d i n g  d a t a  f r o m  2 4  
d i s c r e t e  s e n s o r s  w a s  a s s e m b l e d  f r o m  i n h o u s e  c o m p o n e n t s  f o r  t h e  
p e r f o r m a n c e  a n d  r i d e  q u a l i t y  t e s t  p h a s e s .  T h e  s y s t e m  w a s  s t r u c 
t u r e d  t o  a c q u i r e  d a t a  i n  s e v e n  c a t e g o r i e s :  r e f e r e n c e  d a t a  ( s p e e d .

T e x t  c o n t in u e s  on page  89



TABLE 3 -1 *  INSTRUMENTATION SENSOR LISTING -  PERFORMANCE, DRIFT, POWER CONSUMPTION, A.

T E S T  S E T  N O . s  P - 2 0 0 1 - T T ,  P - 3 0 0 1 , 2 , 3  # 4 - T P  # P - 4 U 0 1 - T T ,  P C - 5 0 . U - T T

C H A N N E L

N O . P A R A M E T E R

S T A N D A R D

O U T P U T

N A M E

M E A S U R E M E N T

N U M B E R

S E N S O R

T Y P E

M E A S U R E M E N T

R A N G E

F R E Q U E N C Y

T A P E  A

2 D i s t a n c e D / A 1 4 2 1 P u l s e  f r o m  S p e e d 1 p u l s e / 2 0  H z

S e n s o r 1 0  I T .

3 V e l i i c l e  A c c e l e r a t i o n A f / A 2 0 0 1 S e r v o  A c c e l e r o m e t e r 1’ 5  m p l i p s 1 0  H z

4 L i n e  V o l t a g e * L V D / A l l u l R e s i s t i v e  D i v i d e r 0 - 1 0 0 0  V D C 2 0 0  H z

5 L i n o  C u r r e n t  '  U ‘ C a r L C D / A 1 1 0 5 T r a n s d u o t o r 0 - 2 0 0 0  A 2 0 0  H z

6 M o t o r  C u r r e n t  * U '  C a r ,  t - ' c o n l M A C U / A F 1 1 0 6 T r a n s d u c t o r 0 - 1 0 0 0  A 2 0 0  H z

7 M o t o r  C u r r e n L  ' i i *  C a r ,  R e a r M A C D / A K 1 0 0 7 T i  a u s d u e l o r 0 - 1 O 0 0  A 2 0 0  H z

U S p e e d V S / A l 1 4 0 1 P r o x i m i t y  S e n s o r 0 - 1 0 0  m p h 1 0  H z

9 b r a k e  L’ y J  • P r e s s .  ' B '  C a r ,  F r o n t . B C F / A F 1 2 0 3 S t r a i n  C a y e 0 - 1 0 0 0  p s i 5 0  H z

T r a n s d u c e r

1 0 B r a k e  C y l .  P r e s s .  1 B '  C a r ,  R e a r B C H / A R 1 2 0 4 S t r a i n  G a y e 0 - 1 0 0 0  p s i 5 0  H z

T r a n s d u c e r

1 1 B r a k e  T e m p e r a t u r e ,  K o L a t i n y B T / A 3 2 0 2
|
J h r o m e l  C o n s t a n t a n  T / C 0 - 1 0 0 0  °v 1 l l z

1 2 B r a k e  T e m p e r a t u r e , S t a t i o n a r y B T / B 3 2 0 1 J l i t o m e i  C o n s t  a n t a n  T / C c I H
-

c c ^
0

1  H z

1 3 C o n t r o l l e r  S e t t i n y C S / A 1 3 0 1 C c m p o s i  L e  S i y n a l — 1 0  H z

1 4 I r i y  ' B '  T i m e  C o d e T / A 1 4 1 1 T i m e  C e d e  G e n e r a t o r — 1 0 0 0  H z



TABLE 3 -2
T E S T  S E T  N O . s  P - 2 0 0 1 - T T ,  P - 3 0 0 1 , 2 , 3 , 4 - T T ,  P - 4 0 0 1 - T T ,  P C - 5 0 1 1 - T T

INSTRUMENTATION SENSOR LISTING -  PERFORMANCE, DRIFT, POWER CONSUMPTION, B.

C H A N N E L

N O . P A R A M E T E R

S T A N D A R D

O U T P U T

N A M E

M E A S U R E M E N T

N U M B E R

S E N S O R

T Y P E

M E A S U R E M E N T

R A N G E

F R E Q U E N C Y

T A P E  B

0 0 0 0

2 L i n e  C u r r e n t  'A *  C a r L C D / A 1 1 0 2 T r a n s d u c t o r 0 - 2 0 0 0  A 2 0 0  H z

3 L i n e  C u r r e n t  ‘ O '  C u r l c d / a 1 1 0 5 T r a n s d u c t o r 0 - 2 0 0 0  A 2 0 0  H z

4 L i n e  V o l t a g e I .V D / A 1 1 0 1 R e s i s t i v e  D i v i d e r 0 - 1 0 0 0  V 2 0 0  H z

5 M o t o r  C u r r e n t  ' A *  C a r ,  f r o n t M A C D / A F 1 1 0 3 T r a n s d u c t o r 0 - 1 0 0 0 . A 2 0 0  H z

6 M o t o r  C u r r e n t  ' A '  C a r ,  R e a r M A C D / A R 1 1 0 4 T r a n s d u c t o r 0 - 1 0 0 0  A 2 0 0  H z

7 B r a k e  C y l .  P r e s s .  ' A 1 C a r ,  F r o n t B C P / A F 1 2 0 1 S t r a i n  G a g e 0 - 1 0 0 0  p s i 5 0  H z

T r a n s d u c e r

8 B r a k e  C y l .  P r e s s .  ‘ A *  C a r ,  R e a r b c p / a r 1 2 0 2 S t r a i n  G a g e 0 - 1 0 0 0  p s i 5 0  l l z

T r a n s d u c e r

9 S p e e d V S / A 1 1 4 0 1 P r o x i m i t y  S e n s o r 0 - 1 0 0  m p h 1 0  H z

1 0 D i s t a n c e D / A 1 4 2 1 P u l s e  f r o m  S p e e d 1 p u l s e / 2 0  Uz
S e n s o r 1 0  F t .

1 1 E v e n t E T / A 1 1 4 2 2

1 2

1 3

1 4 I r i g  ' B '  T i m e T / A 1 4 1 1 T i m e  C o d e  G e n e r a t o r 1 0 0 0  H z



T A B L E  3 - 3 IN S T R U M E N T A T IO N  S E N S O R  L I S T I N G  -  2 - C A R  D R I F T .

T E S T  S E T  N U . s  P - 4 0 0 L - T T

C H A N N E L

N O . P A R A M E T E R

S T A N D A R D

O U T P U T

N A M E

M E A S U R E M E N T

N U M B E R

S E N S O R

T y p e

M E A S U R E M E N T

R A N G E

F R E Q U E N C Y

i

T A P E  A

S V N C 0 0 0 0

2 D i s t a n c e D / A 1 4 2 1 P u l s e  D e r i v e d  f r o m  

S p e e d  ^

1  p u l s e /  

1 0  F t .

2 0  H z

3 V e h i c l e  A c c e l e r a t i o n A P / A 2 0 0 1 S e r v o  A c c e l e r o m e t e r t  5  m p l i p s 1 0  H z

4 M o t o r  C u r r e n t  ' B '  C a r ,  f r o n t M A C U / A F 1 1 0 6 T r a n s d u c t o r 0 - 1 0 0 0  A 2 0 0  H z

5 M o t o r  C u r r e n t  'B *  C a r ,  H e a r M A C D / A R 1 1 0 7 T r a n s d u c t o r 0 - 1 0 0 0  A 2 0 0  H z

6 B r a k e  C y l ,  P r e s s .  * B *  C a r ,  F r o n t B C P / A F 1 2 0 3 S t r a i n  G a y e  

T r a n s d u c e r

0 - 1 0 0 0  p s i 5 0  H z

7 B r a k e  C y l .  P r e s s .  ' B '  C a r ,  H e a r B C P / A R 1 2 0 4 S t r a i n  G a y e  

T r a n s d u c e r

0 - 1 0 0 0  p s i 5 0  H z

8 M o t o r  C u r r e n t  ' A '  C a r ,  F r o n t M A C D / A F 1 1 0 3 T r a n s d u c t o r 0 - 1 0 0 0  A 2 0 0  H z

9 M o t o r  C u r r e n t  ' A '  C a r ,  R e a r M A C D / A R 1 1 0 4 T r a n s d u c t o r 0 - 1 0 0 0  A 2 0 0  H z

1 0 B r a k e  C y l .  P r e s s .  ' A *  C a t ,  R e a r B C P / A R 1 2 0 2 S t r a i n  G a y e  

T r a n s d u c e r

0 - 1 0 0 0  p s i 5 0  H z

1 1

1 2

S p e e d V S / A 1

E T / A 1

1 4 0 1

1 4 2 2

P r o x i m i t y  S e n s o r 0 - 1 0 0  m p h 1 0  H z

C o n t r o l l e r  S e t t i n y C o m p o s i t e  S i y n a l 1 0  H z1 3 C S / A 1 3 0 1

1 4 I r i y  • n ■ T i m e  C o d e T / A 1 4 1 1 T i m e  C o d e  G e n e r a t o r 1 0 0 0  H z

oo
u>



TABLE 3 - 4

T E S T  S E T  N O . s  P - 2 0 1 1 - T T ,  P - 3 0 1 1 - T T ,  A - 3 0 2 1 - T T

IN STRU M ENTA TION  SEN SO R  L IS T IN G  -  S P I N /S L I D E ,  A C C E L E R A T IO N /D E C E L E R A T IO N , A D H E S IO N , A .

C H A N N E L

N O . P A R A M E T E R

S T A N D A R D

O U T P U T

N A M E

M E A S U R E M E N T

N U M B E R

S E N S O R

T Y P E

M E A S U R E M E N T

R A N G E

i  s-r
F R E Q U E N C Y

T A P E

0 0 0 0

2 L i n e  C u r r e n t  ' A ‘  c a r L C D / A 1 1 0 2 T r a n s d u c L o r 0 - 2 0 0 0  A 2 0 0  112

3 L i n e  C u r r e n t  1U '  C a r L C D / A 1 1 0 5 T r a n s c i u c t o r 0 - 2 0 0 0  A 2 0 0  H z

4 L i n e  V o l t a g e I .V D / A 1 1 0 1 R e s i s t i v e  D i v i d e r 0 - 1 0 0 0  V D C 2 0 0  H z

5 D i s t a n c e D / A 1 4 2 1 P u l s e  f r o m  S p e e d 1  p u l s e / 2 0  H z

S e n s o r 3 0  F t .

6 M o t o r  C u r r e n t  ' A '  C a r ,  F r o n t M A C D / A F 1 1 0  3 T r a n s d u e t o r 0 - 1 0 0 0  A 2 0 0  H z

7 M o t o r  C u r r e n t  'A *  C a r ,  R e a r M A C D / A R 1 1 0 4 T r a n s d u o t o r 0 - 1 0 0 0  A 2 0 0  H z

8 S p e e d V S / A l 1 4 0 1 P r o x i m i  t y  S e n s o r 0 - 1 0 0  i i ip h 1 0  H z

y B r a k e  C y l .  P r e s s .  ' A *  C a r ,  F r o n t B C F / A F 1 2 0 1 S t r a i n  C a g e 0 - 1 0 0 0  p s l 5 0  l l z

T r a n s d u c e r

1 0 B r a k e  C y l .  P r e s s .  ' A *  C a r ,  R e a r B C F / A F 1 2 0 2 S t r a i n  C a g e 0 - 1 0 0 U  p s i 5 0  l l z

T r a n s d u c e r

i i B r a k e  T e m p e r a t u r e ,  S t a t i o n a r y B T /Ii 3 2 0 1 J h r o m e l  C o n s t a n t a n  T / C c c o c c 1  H z

1 2 V e h i c l e  A c c e l e r a t i o n A F / A 2 0 0 1 S e r v o  A c c e l e r o m e t e r ±  5  m p h p s 1 0  H z

1 3 E v e n t B T / A l 1 4 2 2 —

1 4 I r i y  ' B '  T i m e  C o d e T / A 1 4 1 1 T i m e  C o d e  G e n e r a t o r 1 0 0 0  H z



.TABLE 3 -5

T E S T  S E T  N O . s  P - 2 0 1 1 - T T ,  P - 3 0 U - T T ,  A - 3 0 2 1 - T T

IN STRU M EN TA TIO N  SEN SO R L IS T IN G  -  S P I N /S L I D E ,  A C C E L E R A T IO N /D E C E L E R A T IO N ,  A D H E SIO N , B ,

C H A N N E L

N O . P A R A M E T E R

S T A N D A R D

O U T P U T

N A M E

M E A S U R E M E N T

N U M B E R

S E N S O R

T Y P E

M E A S U R E M E N T

R A N G E

F R E Q U E N C Y

T A P  E J3

S Y N C1

2 V e l i . i c l e  A c c e l e r a t i o n a e / a 2 0 0 1 S e r v o  A c c e l e r o m e t e r 1  5  j i i p h p s 1 0 H z

I) L i n e  C u r r e n t  '1 3 ' C a r I .C U / A 1 1 0 5 T r a n s a d u c t o r 0 - 2 0 0 0  A 2 0 0 H z

4 M o t o r  C u r r e n t  ' l i '  C a r ,  F r o n t M A C D / A P 1 1 0 6 T r a n s d u e t o r 0 - 1 0 0 0  A 2 0 0 H z

S ' M o t o r  C u r r e n t  ‘ b 1 C a r ,  h e a r . M A C L l/ A K 1 1 0 7 T r a n a d u e t o r 0 - 1 0 0 0  A 2 0 0 i l z

6 B r a k e  C y l .  P r e s s .  'B *  C a r ,  f r o n t B C F / A P 1 2 0 3 S t r a i n  C a y e 0 - 1 0 0 0  p s i 5 0 H z

T r a n s d u c e r

7 B r a k e  C y i .  P r e s s .  'B *  C a r ,  K e a r U C P / A K 1 2 0 4 S t r a i n  C a y e 0 - 1 0 0 0  p s i 5 0 H z

T r a n s d u c e r

8 C o n t r o l l e r  B e t t i n y C S / A 1 3 0 1 C o m p o s i t e  S i y n a l 1 0 H z

9 B r a k e  T e m p e r a t u r e ,  H o t a t i n y B T / A 3 2 0 2  t h r o u t e  1 C o n s t a n t a n  T / C 0 - 1 0 0 0  ° P i H z

1 0 A x L c  S p e e d  H2 V S / A 2 1 4 0 2 P r o x i m i t y  S e n s o r 0 - 1 0 0  H tph 1 0 H z

1 1 A x l e  S p e e d  i l l V S / A 1 , 1 4 0 1 P r o x i m i t y  S e n s o r 0 - 1 0 0  m p li 1 0 H z

1 2 A x l e  S p e e d  # 'J V S / A 3 1 4 0 3 P r o x i m i t y  S e n s o r 0 - 1 0 0  m p h 1 0 I l z

1 3 A x l e  S p e e d  K 4 V S / A 4 1 4 0 4 P r o x i m i  t y  S e n s o r 0 - 1 0 0  m p li 1 0 I l z

1 4 < T r i y  * B *  T i m e T '/ A 1 4 1 1 T i m e  C o d e  G e n e r a t o r 1 0 0 0 H z



TABLE 3 - 6 IN STRU M EN TA TIO N  SEN SO R  L IS T IN G  -  DUTY C Y C L E S , F R IC T IO N  BRAKE

T E S T  S E T  N O . a  P - 5 0 0 1 - T T

C H A N N E L

N O . P A R A M E T E R

S T A N D A R D

O U T P U T

N A M E

M E A S U R E M E N T

N U M B E R

S E N S O R

■ m 'E

m e a s u r e m e n t

R A N G E

F R E Q U E N C Y

T A P E  A,

0 0 0 0

2 L i n e  V o l t a g e l .V D / A 1 1 0 1 R e s i s t i v e  D i v i d e r 0 - 1 0 0 0  V D C 2 0 0  H z

3 L i n e  C u r r e n t  ' A 1 C a r I .C D / A 1 1 0 2 T r a n s d u c t o r 0 - 2 0 0 0  A 2 0 0  H z

4 L i n e  C u r r e n t  ' 8 '  C a r L C D / A 1 1 0 5 T r a n s d u c t o r 0 - 2 0 0 0  A 2 0 0  H z

5 • V e h i c l e  A c c e l e r a t i o n A P / A 2 0 0 1 S e r v o  A c c e l e r o m e t e r t  5  in p h p s 1 0  H z

6 S p e e d V S / A 1 1 4 0 1 P r o x i m i t y  S e n s o r 0 - 1 0 0  m p h 1 0  H z

7 D i s t a n c e D / A 1 4 2 1 P u l s e  f r o m  S p e e d 1  p u l s e / 2 0  H z

S e n s o r 1 0  f t .

8 M o t o r  C u r r e n t  '  I V  C a r ,  H e a r M A C D / A R 1 1 0 7 1 ' r a n s d u c t o r 0 - 1 0 0 0  A 2 0 0  H z

9 B r a k e  T e m p e r a t u r e ,  K o t a t i n g B T / A 3 2 0 2  tU h r o m e l  C o n s t a n t a n  T / C 0 - 1 0 0 0  ° F 1  H z

1 0 B r a k e  T e m p e r a t u r e , S t a t i o n a r y B T / B 3 2 0 1  (
-

c h r o m e 1 C o n s t a n t a n  T / C 0 - 1 0 0 0  ° F 1  H z

1 1 B r a k e  C y l .  P r e s s .  ’ B '  C a r ,  R e a r B C P / A R 1 2 0 4 S t r a i n  G a g e 0 - 1 0 0 0  p s i 5 0  H z

T r a n s d u c e r

1 2 C o n t r o l l e r  S e t t i n g C S / A 1 3 0 1 C o m p o s i t e  S i g n a l 1 0  H z

1 3 E v e n t E T / A 1 1 4 2 2

1 4 I r i . g  1B  ‘  T i m e T / A 1 4 1 1 T i m e  C o d e  G e n e r a t o r 1 0 0 0  H z



T A B L E  3 - 7 .  IN S T R U M E N T A T IO N  S E N S O R  L I S T I N G  -  R I D E  Q U A L I T Y .

T E S T  S E T  N O . s  H - O O l - O - T T ,  R - 2 0 0 1 - T T ,  R - 3 0 0 1 - T T ,  R - 1 1 0 1 - T T

C H A N N E L

N O . P A R A M E T E R

S T A N D A R D

O U T P U T

N A M E

M E A S U R E M E N T

N U M B E R

S E N S O R

T Y P E

M E A S U R E M E N T

R A N G E

F R E Q U E N C Y

T A R E  A

2 A c c e l .  F w d .  C a r  F l o o r  C e n t e r l i n e  V e r t . A C / A 1 2 1 0 1 S e r v o  A c c e l e r o m e t e r t 1 0 0  H z

3 A c c e l .  F w d .  C a r  F l o o r  C e n t e r l i n e  L a t . A C / A 2 2 1 0 2 S e r v o  A c c e l e r o m e t e r t  - 5 g 1 O 0  H z

4 A c c e l .  F w d .  C a r  F l o o r  C e n t e r l i n e  L o n g . A C / A  3 2 1 0 3 S e r v o  A c c e l e r o m e t e r +  .  5 g 1 0 0  H z

5 A c c e l .  M i d  C a r  F l o o r  C e n t e r l i n e  V e r t . A C / A 4 2 1 0 4 S e r v o  A c c e l e r o m e t e r ±  i g 1 0 0  H z

6 A c c e l .  M i d  C a r  F l o o r  C e n t e r l i n e  L a t . A C / A S 2 1 0 5 S e r v o  A c c e l e r o m e t e r +  - 5 g 1 0 0  H z

7 A c c e l .  M i d  C a r  F l o o r  L e f t  V e r t . A C / A 6 2 1 0 6 S e r v o  A c c e l e r o m e t e r t  i g 1 0 0  t l z

8 L e a d  A x l e  R i g h t  J o u r n a l  V e r t i c a l A J / A 1 2 2 0 1 P i e z o  A c c e l e r o m e t e r +  3 0 g 1 0 0  l l z

y L e a d  A x l e  R i g h t  J o u r n a l  L a t e r a l A J / A 2 2 2 0 2 P i e z o  A c c e l e r o m e t e r ±  l O g 1 0 0  H z

1 0 L e a d  A x l e  L e f t  J o u r n a l  V e r t i c a l A J / A 3 2 2 0 3 P i e z o  A c c e l e r o m e t e r i  3 0 g 1 0 0  H z

i i E v e n t E T / A 1 1 4 2 2

1 2 S p e e d V S / A 1 1 4 0 1 P r o x i m i t y  S e n s o r 0 - 1 0 0  m xjh 1 0  H z

1 3

1 4 I r i g  ' B *  T i m e T / A 1 4 1 1 T i m e  C o d e  G e n e r a t o r 1 0 0 0  l l z



TABLE 3 -8 INSTRUMENTATION SENSOR LISTING -  SIMULATED REVENUE SERVICE

T E S T  S E T  N O . a  U S - 500.1  - T T

C H A N N E L  

. N O . P A R A M E T E R

.S T A N D A R D

O U T P U T

N A M E

M E A S U R E M E N T

N U M liE U

S E N S O R

T Y P E

M E A S U R E M E N T

R A N G E

F R t^ H J E N C Y

T A P E  A

2 L e a d  A x l e  R i g h t  J o u r n a l  V e r L i c a l A .J / A 1 2 2 0 1 P i e z o  A c c e l e r o m e t e r +  3 0 y 1 0 0  H z

3 L e a d  A x l e  R i g h t  J o u r n a l  L a t e r a l A O / A  2 2 2 0 2 P i e z o  A c c e l e r o m e t e r £  1<J9 1 0 0  H z

4 L e a d  A x l e  L e f t  J o u r n a l  V e r t i c a l A J / A 3 2 2 0 3 P i e z o  A c c e l e r o m e t e r £  3 0 y 1 0 0  H z

5 A c c e l ,  F w d .  C a r  F l o o r  C e n t e r l i n e  V e r L . A C / A 1 2 1 0 1 S e r v o  A c c e l e r o m e t e r 1 2q 1 0 0  H z

6 A c c e l .  F w d .  C a r  F l o o r  C e n t e r l i n e  L a t . A C / A  2 2 1 0 2 S e r v o  A c c e l e r o m e t e r £  5 y 1 0 0  H z

7 A c c e l .  F w d .  C a r  F l o u r  O e n L e r l i n e  L o n g . A C / A 3 2 1 0 3 S e r v o  A c c e l e r o m e t e r t  5 g ‘ 1 0 0  H z

8 A c c e l .  M i d  C a r  F l o o r  C e n t e r l i n e  V e r L . A C / A 4 2 1 0 4 S e r v o  A c c e l e r o m e t e r £  2 y 1 0 0  H z

9 A c c e l .  M i d  C a r  F l o o r  C e n t e r l i n e  h a t . A C / A 5 2 1 0 5 S e r v o  A c c e l e r o m e t e r 1  5 g 1 0 0  H z

1 0 H i t c h '  A C / A 2 2 3 0 2 A n g u l a r  A c c e l e r o m e t e r i  2  r a d / s e c 5 H z

1 1 R o l l A C / A 1 2 3 0 1 A n g u l a r  A c c e l e r o m e t e r £  1  r a d / s e c 5 l l z

1 2 Y a w A C / A 1 2 3 0 3 A n g u l a r  A c c e l e r o m e t e r t  2  r a d / s e c 5 H z

1 3 S p e e d V S / A 1 1 4 0 1 P r o x i m i t y  S e n s o r 0 - 1 0 0  m p h 1 0  l l z

1 4 I r i g  * L i ' T i m e T / A 1 4 1 1 T i m e  C o d e  G e n e r a t o r 1 0 0 0  l l z
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time, d is tan ce), current, voltage, acce le ra tion , pressure,tem 
p era tu re , and m aterial s tra in . Test data were conditioned by 
signal conditioners and f i l te r e d  by a bank of f i l t e r s .  The data 
were recorded on one of two FM tape recorders, and c r i t i c a l  data 
channels were displayed on an 8-channel chart recorder for te s t  
monitoring purposes.

3.3 POWER CONSUMPTION WATT-HOUR METER.

Power consumption data were acquired during the te s t  pro
gram by means of a unique watt-hour meter chassis , designed and 
constructed a t  the TTC. The chassis used an analog m u ltip lie r 
to  produce an output from scaled voltage inputs of lin e  voltage 
and curren t sensors proportional to instantaneous power con
sumption. The output of the m u ltip lie r was in teg rated  with 
respect to  time by an in teg ra ting  voltage-frequency converter. 
This device produced a pulse frequency proportional to applied 
voltage. Each pulse represented an increment of energy, the sum 
of which represented to ta l  energy. The output from the f r e 
quency converter was then conditioned in  a d iv ider/counter 
d river c ir c u i t ,  using three scalable counters and a mono-stable 
m u lti-v ib ra to r. They acted as a pulse s tre tc h e r  to  increase the 
pulse width to the 20 m illisecond minimum required to drive a 
mechanical counter. Output from the d iv ider/counter d river 
c irc u itry  was then used to drive a s ix -d ig it  mechanical counter 
(one fo r each car of a married p a i r ) , which to ta liz e d  power 
consumption over the duration of a te s t  run.

A functional descrip tion of the system, together with a 
c ir c u it  diagram of the watt/hour meter chassis , can be found 
under references 2 and 3 respectively .
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4.0 DATA MANAGEMENT AND DOCUMENTATION

Over 700 t e s t  runs were made to achieve the objectives of 
the General Vehicle Test Plan fo r the WMATA rapid  t r a n s i t  cars. 
An important fa c to r , therefo re , in  the p resen ta tion  of the WMATA 
data, is  the adequate documentation of t e s t  run log and data 
logging procedures to  allow a p o te n tia l user easy access to the 
raw data in  h is  f ie ld  of in te re s t .

This sec tion  describes the methods used to  document te s t  
runs, weather conditions, vehicle weight, and other s ig n if ic an t 
te s t  fac to rs , and to document sensor s e n s i t iv i t ie s ,  channel 
assignments, and analog tape data content.

4 .1  DAILY TEST RUN LOGS.

Test run log sheets were completed fo r each da ily  t e s t  ob
jec tiv e  throughout the t e s t  program. Sample log sheets are i l 
lu s tra te d  in  figure  4-1. These sheets id e n tif ie d  the te s t  
program, the GVTP te s t  se t numbers, date of t e s t ,  vehicle  con
s i s t  and weight, time, voltage, weather conditions, and any 
other notes p e rtin e n t to  the t e s t .  Each t e s t  run was id e n tif ie d  
by a consecutive run number. Test d irec tio n  of tra v e l, master 
co n tro lle r p o s itio n , speed, track  s ta tio n  number (where 
relevant) and time of day were logged fo r each run. The te s t  
run log sheets are kept on f i l e  a t  the TTC.

A run log summary, tab les  4-1 through 4-8, has been pre
pared from the d a ily  log sheets . These allow the data user to 
co rre la te  the GVTP te s t  se t of in te re s t  with the run numbers 
iden tify ing  te s ts  to  meet the ob jectives of th a t t e s t  s e t , and 
with the reference numbers of raw data magnetic tape.

4.2 DATA ACQUISITION LOG SHEET AND TAPE LOG.

The prime purpose of the data acq u isitio n  log and the tape 
log sheet was to  maintain an accurate record of the content of 
the analog raw data tapes. Examples of the two log sheets are 
i l lu s t r a te d  in  figu re  4-2. The data acq u isitio n  log sheet was a 
precise  account of the instrum entation sensors in  use for any 
given te s t  se r ie s  and th e ir  channel assignment on the data tape. 
D etailed fo r each channel are the measurement name, type of 
transducer, transducer s e n s it iv i ty , system s e n s it iv i ty , f i l t e r 
ing applied, tape c a lib ra tio n , equivalent engineering values, 
e tc . The log was updated during the t e s t  program fo r each 
instrum entation change and a no tation  made to  ind icate  the te s t  
runs for which th a t log sheet was v a lid . A copy of the data 
acqu isition  log sheet was made fo r each day 's te s tin g  and was 
attached to  the tape log fo r th a t day.

T e x t  c o n t in u e s  on p a g e  101
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TEST RUN LOG CONTINUATION SHEET
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FIGURE 4 - 1 .  TEST RUN LOG SHEETS.



TABLE 4 - 1 . WMATA T R A N S IT  CAR GENERAL V E H IC L E  T E S T  PROGRAM
T E S T  & RUN NUMBER C R O S S -R E F E R E N C E , A .

TEST

SET

TITLE WEIGHT CONSIST SPEED CONTROL
LEVEL

COMMENTS 1UJN NO'S TAPE

NO.

TEST - 

DATE

K-l 101-IT kiiie  Roughness AWO 2 - C a v 15,30,45 - STN 120-150 1-6 2001 5 /2 ,5 /3

- Worst Speeds 60,75 215-280 7-16 2002

360-385 17-22 2002

450-480 23-28 2002

520-50 29-38 2002

330-360 55-74 2002
II n AWO 2 - C a  t 11 - P lus 1/8" WMATA 7/1 /77

Shims Under L a te ra l

Bumpers

STN 120-150 570-575 2007

220-280 576-585 2007

360-390 586-591 2007
450-480 592-597 2007

520-50 598-607 2007

330-360 618-637 2007
II ii AWO 2-C ar H - STN 120-150 101-106 2003 5 /13 /77

210-280 107-116 >003

360-390 117-122 2003

450-480 123-128 2003

520-60 129-138 2003

340-360 141-160 2003



TABLE 4 - 2 WMATA T R A N S IT  CAR GENERAL V E H IC L E  T E S T  PROGRAM
T E S T  & RUN NUMBER C R O S S -R E F E R E N C E , B .

TEST
SET

TITLE WEIGHT CONSIST SPEED CONTROL

LEVEL

COMMENTS RUN NO‘S TAPE

NO.

TEST

date

u - i i o . i - r r Ride Roughness AW2 . 2-Cur 15 ,30 ,45 , - P lus 1/8" WMATA

- Worst Speeds 60,75 Shims Under L a te r a l

Bumpers

STN 120-150 394-399 2006 6/24/77
210-280 400-409 2006

,360-390 410-415 2006

450-480 416-421 2006

520-60 422-431 2006
340-360 442-461 2006

ii it AW3 2-i:a r II - STN 120-150 161-166 2003 5/17/77
215-280 167-176 2003
360-385 177-182 2003

450-480 183-188 2003
520-50 189-198 2003

330-360 209-228 2003

ii M 11 <i II - Plus 1/8“ WMATA 6/29/77
Shims Under L a te r a l

Bumpers

STN 120-150 465-470 2007
210-280 471-480 2007 ;
360-390 481-486 2007
450-480 487-492 2007
520-60 493-502 2007
340-360 513-522 2007

1 525-534 2007



TABLE 4 - 3 WMATA T R A N S IT  CAR GENERAL V E H IC L E  T E S T  PROGRAM
T E S T  & RUN NUMBER C R O S S -R E F E R E N C E , c .

TEST

SET

TITLE WEIGHT CONSIST SPEED CONTROL

LEVEL

COMMENTS RUN NO'S TAPE

NO.

TEST

DATE
R-2001-TT Hide Roughness 

- A cc e le ra t io n
AWO 2-Car 3 0 ,5 0 ,6 0 ,

75
P1-P5 Concrete  Tie & 

Welded R a i l ,  L.Tan. 

Combined witli 

Brake Rims.

CO1O'!jn 2002 5/3 /77

II n AWO ' 2-Car II II II •

P lus 1 /8" Shims 

Under L a te r a l  

Bumpers

608-617 2007 7/1/77

If it AW2 2-Cat 75 P5 C oncrete  T ie ,  

e t c .
130,140 2003 5/13/77

ii AW2 2-Car 3 0 ,5 0 ,6 0 ,

75
P1-P5 Plus 1/8" Shims 432-441 2006 6/24/77

II it AW3 2-Car II II 109-208 2003 5/17/77
II ii AW3 2-Car II II P lus 1 /8" Shims ,503-512 2007 6/29/77

R-3001-TT Hide Roughness 

- D e c e le ra t io n

AWO 2-Car 30 ,50 ,60

75

B1-B5 Combined with 

A ccel.  Runs

39-48 2002 5/3 /77

" n " II 11 ■' Plus 1/8" Shims 608-617 2007 7/1/77
II ii AW2 II 75 B5 130,140 2003 5/13/77
II II 30 ,50 ,60

75
B1-B5 Plus 1/8" Shims 432-441 2006 6/24/77

ii AW3 2-Car II II 109-208 2003 5/17/77
II it AW3 2-Car II ( P lus 1/8" Shims 503-512 2007 6/29/77



TABLE 4 -4 WMATA T R A N S IT  CAR GENERAL V E H IC L E  T E S T  PROGRAM
T E S T  & RUN NUMBER C R O S S -R E F E R E N C E , D .

TEST

SET

TITLE WEIGHT’ CONSIST SPEED CONTROL

LEVEL

COMMENTS RUN NO'S TAPE

NO.

TEST

DATE

R-0010-TT Ride Roughness AWO 2-Cat 0 - Data fo r :  M-G S e t , 49-54 2002 5/3 /77
Component H ydrau lic  Pump,

Induced V ih ra t io 11 A ir  Comp, A/C Couip.

Euvirouiueiikal

Blower

RS-5001-TT Sium laLedRev. AW2 2-Cat Vary P5,B4 WMATA P r o f i l e 307 2005 6 /3 /77
S erv ice 11 II II P5,115 ACT-1 P r o f i l e 308 2005 6/3 /77

P-2001-TT A c c e le ra t io n AWO 2-Car 30 ,50 ,60 , P1-P5 Combined with 645-654 7/5/77
75 D e c e le ra t io n

'* ii AW2 2-Car II PI 310-312 2005 6/9 /77
P2 318,319 2005

P3 327,328 2005

PA 337,338 2005

P5 346,347 2005
II n II II II P1-P5 Line Voltage 695 368-371 2006 6/13/77

vdc ' 374,375 2006
II ii " II II P1-P5 Line Voltage 710 381-384 2006 6/13/77

vdc 387,388 2006
" ii Ii II II P1-P5 Combined with 229-238 2004 5/27/77

D e c e le ra t io n



TABLE 4 - 5 WMATA T R A N S IT  CAR GENERAL V E H IC L E  T E S T  PROGRAM
T E S T  & RUN NUMBER C R O S S -R E F E R E N C E , E .

T E S T

S E T

T I T L E W E  Kill f C O N S I S T S P E E D C O N T R O L

L E V E L

C O M M E N T S R U N  N O ' S T A P E

N O .

T E S T

U A T E

P - 3 0 0 1 - T T D e c e l e r a t i o n A W O 2 - C u r 3 0 , 5 0 , 6 0 , I 1 1-B5 C o m b i n e d  w i t h 6 6 5 - 6 5 0 7 / 5 / 7 7

H l e n d e d  D r a k e 7 5 A c c e l e r a t i o n 6 5 5 - 6 5 8  '

If it A W E 2 - C a r 2 0 , 3 0 , 6 0 , H I 3 1 0 - 3 1 6 2 0 0 5 6 / 9 / 7 7

5 0

6 0 , 7 5 112 3 1 7 - 3 2 3 2 0 0 5

II B 3 3 2 6 - 3 3 0 2 0 0 5

fl 116 3 3 1 - 3 3 6 , 2 0 0 5

3 6 7

II ii‘j 3 3 9 - 3 6 5 2 0 0 5

• 1 H A W 2 2 - C a  r 3 0 , 5 0 , 6 0 , H I -115 6 9 5  v d c 3 6 8 - 3 7 3 2 0 0 6 6 1 / 3 / 7 7

7 5

II fi II • " If II 7 1 0  v d c 3 8 1 - 3 8 6 2 0 0 6 6 / 1 3 / 7 7

II it A W T 2 - C a r II If 2 2 9 - 2 3 4 2 0 0 4 5 / 2 7 / 7 7

2 3 9 - 2 4 2 2 0 0 4 5 / 2 7 / 7 7

P - 3 0 0 2 - T T D e c e l e r a t i o n A W O 2 -  C a r 3 0 , 5 0 , 6 0 , B 1 - B 5 6 6 5 - 6 7 4 7 / 5 / 7 7

7 5

II S e r v i c e  F r i c t i o n A W E n II II 3 5 6 - 3 6 1 2 0 0 5 6 / 9 / 7 7

II n A W 3 it " If 2 5 5 - 2 6 4 2 0 0 4 5 / 2 7 / 7 7

P - 3 0 0 3 - T T D e c e l e r a t i o n A W O 2 - C a r 3 0 , 5 0 , 6 0 , B 2 - B 5 6 / 5 - 6 8 2 7 / 5 / 7 7

7 5

1 D y n a w  i c A W E II II II 3 6 2 - 3 6 6 2 0 0 5 6 / 9 / 7 7

II II If " II 6 9 5  v d c 3 7 6 - 3 8 0 2 0 0 6 6 / 1 3 / 7 7
II II II " It fl 7 1 0  v d c 3 8 9 - 3 9 3 2 0 0 6 6 / 1 3 / 7 7
1 II A W T II ' If 2 6 5 - 2 7 2 2 0 0 6 5 / 2 7 / 7 7



TABLE 4 -6 WMATA T R A N S IT  CAR GENERAL V E H IC L E  T E S T  PROGRAM
T E S T  & RUN NUMBER C R O S S -R E F E R E N C E , F .

T O S T

S E T

T I T L E Wil l C U T C O N S I S T S P E E O C O N T R O L

L E V E L

C O M M E N T S R U N  N O ’S T A P E

_ N O .

T E S T

D A T E

p - 3 0 0 4 - t t D e e e l  e r a t i o n A W O 2 - C a r 2 0 , 3 0 , A O , Cuie r g . R e l e a s e  b e  a  ctmu a 6 5 9 - 6 6 4 7 / 5 / 7 7

e m e r g e n c y 5 0 , 6 0 , 7 5 6 8 3 - 6 8 8

ii it A W 2 2 - C a r 2 0 , 3 0 , 5 0 , it n 3 4 8 - 3 5 5 2 0 0 5 6 / 9 / 7 7

7 5

ti ii A W 3 2 - C a  r 2 0 , 3 0 , 4 0 , ii ii 2 4 3 - 2 5 4 2 0 0 4 5 / 2 7 / 7 7

5 0 , 6 0 , 7 5

P - 4 0 0 2 - T T D r i t L  T e s L A W 2 2 - C a  r 7 5  e n t r y C S T D y n a m i c  U K .  C u t - O u t 2 7 9 - 2 9 6 2 0 0 5 6 / 3 / 7 7

tl It ii " 4 5  e n t r y C S T " 7 4 8 - 7 5 5 7 / 2 6 / 7 7

" II " ^ i - C a r 7 5  e n l r y C S T n 7 3 2 - 7 4 7 7 / 2 6 / 7 7

S p e e d  C a l i b r a t i o n  A W 2 2 - C a r 1 5 , 3 0 , 4 5 , S p e e d  C a l c .  F r o m 2 9 7 - 3 0 6 2 0 0 5 6 / 3 / 7 7

6 0 , 7 5 E . T .  b e t w e e n

2 - S T N S .

P - 5 0 0 1 - T T D u l y  C y c l e s A W 2 2 - C a r V a r y 05,1 1 5 W M A T A  P r o ! i l e 4 6 2 2 0 0 6 6 / 2 8 / 7 7

" F r i c t i o n  B r a k e II 2 “ C a  r . 35 P 5 , B 5 N Y C T A  P r o f i l e 4 6 3 2 0 0 6 6 / 2 8 7 7

" ii " n 5 0 P 5 . B 5 C T S  P r o f i l e 4 6 4 2 0 0 6 6 / 2 8 / 7 7

P - 2 0 1 1 - T T ;>1 > i n / S i  iile A W O 2 - C a r 0 - 5 0 P 5 S T N  3 3 - S o u t l i 7 2 5 - 7 2 7 7 / 1 9 / 7 7

A c c e l  e r a  t i o n

p - 3 0 1 1 - r r S p i n / S l i d e A W O 2 - C a r B 3 - B 5 B l e n d e d  B r a k e 7 2 8 - 7 3 1 7 / 1 9 / 7 7

D e e e 1 o r a l i  o n

It " A W O 2 - C a  r 2 0 , 4 0 , 6 0 , B 5 B l e n d e d  B r a k e 7 5 6 - 7 6 1 8 / 4 / 7 7

7 5

" ii '■ n II II f r i c t i o n  O n l y  U K . 7 6 2 - 7 6 6 8 / 4 / 7 7

A - 3 0 2 1 - T T A d h e s  i o n A W O 2 - C a r 2 0 , 4 0 B 1, B 2 f r o n t  T r u c k  O n l y 7 6 7 - 7 7 1 8 / 4 / 7 7



TABLE 4 - 7 , WMATA T R A N S IT  CAR GENERAL V E H IC L E  T E S T  PROGRAM
T E S T  & RUN NUMBER C R O S S -R E F E R E N C E f g .

T E S T

S E T

T I T L E W E I  U 1 IT C O N S I S T S P E E D C O N T R O L

L E V E L

C O M M E N T S R U N  N O ' S T A P E

N O .

T E S T

D A T E

P C - 5 0 1 1 - X T P o w e r  C o n s u m p - A W 2 2 - C a r V a r y P 5 , B 6 W M A T A  P r o f i l e 2 7 6 - 2 7 8 2 0 0 6 6 / 2 / 7 7

t i o n

II tl A W 2 ii II P 5 . B 5 A C T - 1  P r o f i l e 3 0 9 2 0 0 5 6 / 6 / 7 7

II II A W 3 ii " P 5 , B 6 W M A T A  P r o f i l e 2 7 3 - 2 7 5 2 0 0 6 5 / 3 1 / 7 7

C N - 0 0 0 1 - T T E q u i p m e n t A W O 2 - C a  r 0 - W a y s i d e  S u r v e y 6 9 5 - 6 9 6 7 / 6 / 7 7

tl N o i s e  S u r v e y II 6 - C a r 0 - ,u ii 7 0 1 8 / 6 / 7 7

C N - 1 0 0 1 - X T W a y s i d e  N o i s e A W O 2 - C a r 1 5 , 3 0 , 1 ( 5 , - 5 0 1 f r o m  T r a c k 6 8 9 - 6 9 6 7 / 6 / 7 7

- S p e e d  E f f e c t 6 0 , 7 5 C e n t e r l i n e

II ii II 6 - C a r II - II 6 9 6 - 7 0 0 8 / 6 / 7 7

II " tl " - P 5 A c c e l e r a t i o n 7 0 2 , 8 / 6 7 / 7

" n II II - 8 6 D e c e l e r a t i o n 7 0 3 8 / 6 / 7 7

II " A W 3 2 - C a r 1 5 , 3 0 , 1 ( 5 , - 5 0 '  F r o m  T r a c k 5 6 3 - 5 6 9 6 / 3 0 / 7 7

6 0 , 7 5 C e a t e r l i n e

P N - 1 0 0 1 - T T N o i s e - S p e e d A W O 2 - C a r 1 5 , 3 0 , 1 ( 5 , - 4 - M i c r o p h o n e 7 5 - 9 6 7 / 6 / 7 7

E f f e c t  oil Cat* 6 0 , 7 5 L o c a  t i o n s 6 9 7 - 7 1 6

" n A W T II " - 5 3 5 - 5 5 6 6 / 3 0 / 7 7

P N - 1 1 0 1 - T T N o i  s e ~ T r a c k A W O 2 - C a r 5 0 - C o n t i n u o u s  L a p 9 5 , 9 6 5 / 1 0 / 7 7

H T y p e  E f f e c t  o a II ii II - ii 7 2 3 , 7 2 6 7 / 6 / 7 7
II ii II V - C d t II - ti 7 0 6 8 / 6 7 / 7

P N - 1 3 0 1 - X T N o i s e - I n t e r i o r - - - - - 8 / 6 / 7 7

S u r v e y



TABLE 4 - 8 .  WMATA T R A N S IT  CAR GENERAL V E H IC L E  T E S T  PROGRAM
T E S T  & RUN NUMBER C R O S S -R E F E R E N C E , h .

TEST TITLE WEIGHT CONSIST SPEED CONTROL COMMENTS RUN NO'S TAPE TEST

SET LEVEL NO. DATE
PN-2001-TT Noise-Aceel N. AWO 2-Car 0-75 P5 97,99 5/10/77

II On Car II it II P5 717,719 7/6/77
If II AW3 ii II II 555,557 6/30/77

PN-3001-TT Noise-Decel N. AWO 2-Ca r 75-0 B5 Blended Brake 100 5/10/77
If On Car II II tl 11 Blended Brake 718,720 7/6/77
" •• II It II II F r ic tio n  Brake 721,722 7/6/77
II it AWT " II II Blended Brake 555,557 6/30/77
»l - " II • 1 II . II 559 6/30/77

F r ic tio n  Brake 560-562 6/30/77
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FIGURE 4 - 2 .  DATA ACQUISITION LOG SHEET AND TAPE LOG,
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The tape log was an account of the content of each raw data 
tape in  terms of the te s t  run numbers on the tape and th e ir  lo 
cation . During the te s t  program a log was maintained of each 
te s t  run number, the s ta r t  and stop of the te s t  run in  tape 
footage, and the s ta r t  and stop times from the time code 
generator display on the data system console. A standard time 
code (IRIG B) format was maintained on channel #14 of both tape 
recorders throughout the te s t  program. C orrelation  of th is  time 
code w ith the noted time of day values in  the tape log, taken 
from the same time code generato r's  d isp lay , gave a p recise  
location  of each te s t  run on a data tape during p o s t- te s t  data 
analysis .
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DATA PROCESSING TECHNIQUES

This section  describes the data processing techniques used 
for performance and ride  roughness data processing.

PERFORMANCE DATA REDUCTION.

Engineering Unit L is tin g s .

Magnetic tapes with raw performance t e s t  data were played 
back on a tape recorder and input to  the TTC computer, where 
they were d ig itiz e d  a t  40 samples/second. Time h is to ry  p lo ts  
were made of a l l  c a lib ra tio n  steps on the data tape from the 
d ig itized  values; these values were compared to  known c a lib ra 
tion  voltage steps and sensor s e n s i t iv i t ie s  to  v e rify  the 
ca lib ra tio n  constants determined by the computer. The d ig itized  
data tapes were then processed on the computer to  obtain engi
neering u n it l i s t in g s  fo r each te s t  run. -The l is t in g s  were, in  
general, made a t  two-second in te rv a ls  throughout a te s t  run, 
although th is  was modified to  s u i t  ind iv idual t e s t  requirements.

Temperature Data.

Brake d isc and pad temperature data were recorded fo r a 
se ries  of duty c y c le -f r ic tio n  brake t e s ts ,  each involving a run 
of 30 minutes or more. Due to the length of the run and the 
format of e x is tin g  d ig ita l  software, duty cycle te s ts  were not 
su ited  to  d ig i ta l  processing; these runs were therefo re  stripped  
out on a chart recorder from the magnetic data tapes, with 
scaled values of engineering u n its  fo r each channel f u l l  scale 
deflec tion . Brake thermocouple outputs in  m ill iv o lts  were read 
for each data po in t and converted to  temperature in  degrees 
Fahrenheit using conversion tab les .

RIDE QUALITY DATA REDUCTION.

Ride Roughness - V ertica l and Horizontal (Analog E valuation).

The standards se t fo rth  in  the In te rn a tio n a l Standards 
Organization (ISO) report TC 108, "Guide to  the Evaluation of 
the Human Body Response to Whole Body Acceleration" provide an 
in te rn a tio n a lly  accepted method for evaluating  human response to 
v ib ra tion  in  the 1 to  80 Hz frequency ranges. The weighting
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networks defined in  the "guide" for v e r t ic a l  and horizon tal 
v ib ra tions have been adopted by the GVTP fo r weighting ride 
q u a lity  data; figures 2“28 and 2“29, above, d e ta i l  the desired  
frequency versus a ttenuation  c h a ra c te r is tic s . Note th a t the 
networks for v e r t ic a l  and horizontal ride c h a ra c te r is tic s  d i f 
f e r , to correspond to d iffe re n t s e n s i t iv i t ie s  of human exposure 
in  each ax is . Motion sickness (frequencies in  the 0.1 to  1.0 Hz 
range) or high frequency v ib ra tions in  excess of 80 Hz are not 
accounted fo r by the networks.

"Ride roughness" data processing, as estab lish ed  in  GVTP, 
i s  a technique by which ride  qua lity  accelerom eter data can be 
weighted to enhance the frequency range which most a ffe c ts  the 
human body. This is  done by modifying the accelerom eter output 
through the frequency a ttenuation  networks described above. 
From th is  weighted output, an RMS-averaged ride  roughness " f i 
gure of merit" can be obtained to  express the ride  comfort 
experienced by a passenger for each se t of t e s t  conditions.

The WMATA ride qua lity  data were processed using analog 
techniques to  obtain ride  roughness-filte red  da ta . Ride qua lity  
tapes were played back on a tape recorder ■ through f i l t e r s .  The 
f i l t e r  c h a ra c te r is tic s  approximated the weighting charac ter
i s t i c s  i l lu s t r a te d  in  figures 2-28 and 2-29, but d iffe red  su f
f ic ie n t ly  over some frequencies (p a r tic u la r ly  in  the 1-2 Hz 
range) to  require c r i t i c a l  examination. A comparison of the 
f i l t e r  c h a ra c te r is tic s  compared to  the desired  c h a ra c te r is tic s  
i s  shown in  figures 5-1 and 5-2. The f i l te r e d  data were con
verted  to  RMS values using a true RMS-to-DC converter; an aver
aging time constant of 10 seconds was used. Instantaneous RMS 
values were recorded on a recorder together with raw and f i l 
te red  data for each channel, track  loca tion , and IRIG time code. 
RMS values for each track  section  were then obtained from the 
chart recorder and mathematically averaged to  derive one ride  
roughness number fo r the track section .

5 .2 .2  Ride Roughness - D ig ita l Data Evaluation.

Magnetic tapes of raw, u n filte re d  data on rid e  q u a lity  were 
played back on a tape recorder and input to  the TTC computer, 
where they were d ig itiz e d  a t 400 samples/second. The d ig i ta l  
tapes were used to  generate c a lib ra ted  v ib ra tio n  time h is to r ie s  
and PSD's of u n filte re d  accelerometer data to  determine s ig n if i 
cant frequency content. Additional d ig ita l  data processing was 
accomplished on a remote computer using manual data en try  from 
the remote computer term inal a t TTC. D ig ita l f i l t e r in g  tech
niques were used to apply the ride  roughness weighting char
a c te r is t ic s  to  PSD data. Because of the problems of manual data 
en try , th is  process was used for a lim ited  number of cases to  
obtain  accurate f i l te re d /u n f il te re d  data comparisons.

T ext c o n t in u e s  on p ag e  106
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6 . 0  SUMMARY AND CON CLU SIO NS

T h e  p u r p o s e  o f  t h i s  r e p o r t  i s  t o  p r e s e n t  t h e  r e s u l t s  o f  a  
t e s t  p r o g r a m  c o n d u c t e d  a t  t h e  T r a n s p o r t a t i o n  T e s t  C e n t e r  (T T C ) 
a n d  c a r r i e d  o u t  o n  e x a m p l e s  o f  t h e  W a s h i n g t o n  M e t r o p o l i t a n  A r e a  
T r a n s i t  A u t h o r i t y  (WMATA) r a p i d  t r a n s i t  c a r s .  A n a l y z e d  a n d  
s u m m a r i z e d  d a t a  a r e  f o u n d  i n  t h i s  r e p o r t ,  t o g e t h e r  w i t h  g e n e r a l  
d e s c r i p t i o n s  o f  t h e  t e s t  e q u i p m e n t  a n d  p r o c e d u r e s .  S u c h  i n f o r 
m a t i o n  i s  p r e s e n t e d  i n  t h e  c a t e g o r i e s  a n d  f o r m a t  c a l l e d  f o r  i n  
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  ( G V T P ) . T h e  p r o g r a m  a d d r e s s e d  t h e  
f o l l o w i n g  s e v e n  c a t e g o r i e s  o f  t r a n s i t  v e h i c l e  e v a l u a t i o n :

o  P e r f o r m a n c e  ( A c c e l e r a t i o n ,  D e c e l e r a t i o n ,  D r i f t ,  e t c . ) ,

o  P o w e r  C o n s u m p t i o n ,

o  S p i n / S l i d e  P r o t e c t i o n ,

o  N o i s e  ( W a y s i d e  a n d  I n t e r i o r ) ,

o  R i d e  R o u g h n e s s  ( C o m p o n e n t  I n d u c e d  V i b r a t i o n ) ,

o  P o w e r  S y s t e m  I n t e r a c t i o n s  ( R a d i o  F r e q u e n c y  
I n t e r f e r e n c e ) ,  a n d

o  S i m u l a t e d  R e v e n u e  S e r v i c e .

T w o m a r r i e d  p a i r s  o f  WMATA r a p i d  t r a n s i t  c a r s  ( s e r i a l  
n u m b e r s  1 1 0 4  a n d  1 1 0 5 ,  1 1 0 8  a n d  1 1 0 9 )  w e r e  t e s t e d  o n  t h e  9 . 1  
m i l e  ( 1 4 . 6  k m ) o v a l  T r a n s i t  T e s t  T r a c k  d u r i n g  t h e  p e r i o d  
S e p t e m b e r  1 9 7 6  t o  A u g u s t  1 9 7 7 .

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

T h e  m e a s u r e d  a c c e l e r a t i o n  c h a r a c t e r i s t i c s  d e m o n s t r a t e d ,  
w i t h i n  t e s t  l i m i t s ,  p e r f o r m a n c e  c o n f o r m i n g  t o  t h e  d e s i g n  s p e c i 
f i c a t i o n  a n d  a d e q u a t e  l o a d - w e i g h  r e s p o n s e .  P o w e r  c o n s u m p t i o n  
v a l u e s  v a r i e d  f r o m  6  k W - h r  p e r  c a r - m i l e  t o  1 0  k W - h r  p e r  c a r - m i l e  
d e p e n d i n g  o n  p a s s e n g e r  l o a d ,  a s  d e s c r i b e d  i n  t h e  t e x t .  I n t e r i o r  
n o i s e  l e v e l s  v a r i e d  f r o m  6 0 - 6 5  dBA  a t  1 5  m i / h  ( 2 4  k m / h )  t o  6 5 - 7 0  
dBA  a t  7 5  m i / h  ( 1 2 0  k m / h )  w i t h  m o m e n t a r y  h i g h e r  t r a n s i e n t s  w h e n  
n e g o t i a t i n g  g r a d e  c r o s s i n g s  a n d  s w i t c h e s .  W a y s i d e  n o i s e ,  u n d e r  
t e s t  c o n d i t i o n s ,  r a n g e d  f r o m  dB A  r e a d i n g s  i n  t h e  s i x t i e s  a t  l o w  
s p e e d s  t o  v a l u e s  a s  h i g h  a s  t h e  e i g h t i e s  a t  h i g h  s p e e d s .

T h e  t e s t  p r o g r a m  p o i n t e d  o u t  s o m e  d e f i c i e n c i e s  i n  GVTP p r o 
c e d u r e s ,  n o t a b l y  t h o s e  t o  d e t e r m i n e  s p i n / s l i d e  p r o t e c t i o n  s y s t e m  
e f f i c i e n c i e s .  T h i s  p r o c e d u r e  i s  i m p r a c t i c a l  a s  c u r r e n t l y  
d e f i n e d  a n d  s h o u l d  b e  r e v i s e d .
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7 . 0  L I S T  O F R EFER EN C ES

1 .  " G e n e r a l  V e h i c l e  T e s t  P l a n  (G V T P ) f o r  U r b a n  R a i l  T r a n s i t  
C a r s , "  R e p o r t  N o . U M T A - M A - 0 6 - 0 0 2 5 - 7 5 - 1 4 ,  A p r i l  1 9 7 7 ,  U . S .  
D e p a r t m e n t  o f  T r a n s p o r t a t i o n / U r b a n  M a s s  T r a n s p o r t a t i o n  
A d m i n i s t r a t i o n .

2 .  " F u n c t i o n a l  D e s c r i p t i o n  o f  t h e  W a t t - H o u r  M e t e r " ,  T r a n s 
p o r t a t i o n  T e s t  C e n t e r  M e m o ra n d u m  I E / D G / 7 6 - 1 0  o f  1 1 / 2 3 / 7 6 .

3 .  T r a n s p o r t a t i o n  T e s t  C e n t e r  D r a w i n g  N u m b e r  S K -R D L -4 2 5 5  o f  
1 / 4 / 7 7 .

4 .  I n t e r n a t i o n a l  S t a n d a r d s  O r g a n i z a t i o n ,  " G u i d e  t o  t h e  E v a l u 
a t i o n  o f  t h e  H u m an  B o d y  R e s p o n s e  t o  W h o le  B o d y  
A c c e l e r a t i o n "  T C - 1 0 8 .
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APPENDIX

REPORT OF INVENTIONS

A fter a d ilig e n t review of the work performed under th is  con
t r a c t ,  i t  was determined th a t no innovation, discovery, improvement, 
or invention was made. The purpose of the e f fo r t  was to  t e s t  the 
WMATA vehicle in  accord with the General Vehicle Test Plan to 
characterize  the veh ic le .
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