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PREFACE 

This document describes testing conducted on the Energy Storage 
Car (ESC) at the Transportation Test Center, Pueblo, Colorado, by the 
AiResearch Manufacturing Company, Torrance, California, a division 
of The Garrett Corporation. 

The Energy Storage System (ESS) was installed onboard two 
New York City Transit Authority R-32 transit cars for use as a test 
bed confirming ESS adaptability to rail cars, and also to demonstrate the 
the principles and feasibility of the concept of energy storage. AiResearch 
is conducting the ESC program under a contract from the Metropolitan 
Transportation Authority. The program is sponsored by the Urban Mass 
Transportation Administration (UMTA) Rail Technology Division, the 
Metropolitan Transportation Authority, and the State of New York. 

This report is derived from the efforts of two agencies of the 
u.S. Department of Transportation: the Rail Programs Division of 
the UMTA Office of Research and Development and the Transportation 
Systems Center (TSC). 

As Systems Manager for the Urban Rail Supporting Technology 
Program, Rail Programs Division, mlTA Office of Research and 
Development, TSC is responsible for the development and conduct of 
a comprehensive program of test and evaluation of vehicles, 
structures, and related components. 

The Energy Storage Car Test Program at the Transportation 
Test Center (TTC) was accomplished under TSC spon30rship and 
guidance. Mr. G. Neat, Assistant Program Manager for Test and 
Evaluation, Urban Rail Supporting Technology Program, provided 
technical guidance as contract monitor. Also acknowledged are the 
efforts of key TSC personnel onsite at TTC such as Hr. R. Parker and 
Mr. R. Brush. 

Program responsibility at AiResearch was vested in the Ground 
Transportation and Industrial Power Systems Department, headed by 
Mr. W. H. Sutton, Chief Engineer; Mr. E. E. Nickel, Program Manager; 
Mr. R. W. McConnell, Data Reduction; and Mr. G. McClure, Test Engineer. 
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1. INTRODUCTION 

1.1 GENERAL 

The AiResearch Manufacturing Company prepared this report for the 
Transportation Systems Center of the Department of Transportation. It covers 
energy storage car (ESC) tests performed by AiResearch from May 1974 through 
January 1975 at the Transportation Test Center, Pueblo, Colorado. (See 
Figure 1-1. 

The report consists of four volumes. 

Volume I Program Description and Test Summary 

Volume II Performance, Power Consumption, and Radio Frequency 
Interference Tests 

Volume III Noise Tests 

Volume IV Ride Roughness Tests 

All tests reported herein were conducted in accordance with the procedures 
defined in the TSC General Vehicle Test Plan, Gsp-064 1 (draft version), 21 May 
1974. These test procedures are delineated in AiResearch documents 73-9373 
(Energy Storage Cars Test Program) and 74-10441 (Expanded Testing on Energy 
Storage Cars). 

The vast amount of data recorded during these tests is stored on magnetic 
analog tape and will contribute to UHTA's growing data bank for urban rail 
vehicles. 

1.2 TEST CRITERIA 

The objectives of the tests were: 

Verification of system performance 

Confirmation of system adaptability to rail cars 

Evaluation of system noise (exterior, interior) 

Evaluation of system ride roughness 

Evaluation of system structural dynamics 

-1 This document has since been formally published as General Vehicle Plan (GVTP) 
for Urban Rail Transit Cars, September 1976 (Report No. UMTA-MA-0025-75-14) 
PB251-086. 
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Figure 1-1. Energy Storage Car at Transportation Test Center 

1.3 SYSTEM DESCRIPTION 

The energy storage system (ESC) developed by AiResearch uses two motor­
driven flywheel assemblies per car to supply electrical energy to the separately 
excited traction motors fOl~ car acceleration. During car deceleration (braking), 
the electrical energy from the traction motors (now generators) is returned 
to the flywheel motors, inereasing flywheel speed. The makeup electrical energy 
required is supplied to the traction and flywheel systems by a solid-state dc 
chopper, which is regulated to draw only an average amount of power during nor­
mal accleration and decelel'ation. The primary advantages of an energy storage 
system are: 

Reduced energy consumption 

Reduced peak power from substations 

Reduced tunnel heating due to less need for dynamic braking 

The ESC is mounted onboard an R-32 transit car. This car, first built in 
1964, was originally powereq by series traction motors and a camshaft controller. 
The energy storage car conyersion was accomplished at the AiResearch facilities, 
Torrance, California. The energy storage unit is shown in Figure 1-2. 

1-2 



I W
 

A
IR

 D
U

C
T 

A
LT

E
R

N
A

TO
R

 

FA
N

 S
H

R
O

U
D

 

,g
£i

~-
;~

_ 
/
M

O
T

O
R

 
-

~-:I
 __ 
~
r
-

~~
, 
r
~
 

'
~
 

'!
, 

'-
-'

-
--"

 

~
'
l
 

-
~
n
"
c
.
 

: 
le

:"'
:'-

'>
-

'rr':
" "

 ~ ,;
 -=~'

" 
I 
~
~
-

I.~:
:--

'\ 
\.

G
'(

 
I! 

,\
 

\,Y
 

I 
~
~
~
~
)
I
I
 

R
E

S
IL

IE
N

T
 

7 
~
 

M
O

U
N

T
S
Y

 

1/
 

''
''
'I
7'
'/
l.
~g
 

I
I
,
'
 

/ 
. 

/ 

G
E

A
R

 T
R

A
IN

 

C
O

N
T

A
IN

M
E

N
T

 R
IN

G
 

F
ig

u
re

 
1

-2
. 

E
ne

rg
y 

S
to

ra
g

e 
U

n
it

 9 
F

L
Y

W
H

E
E

L
 

O
U

T
E

R
 

B
E

A
R

IN
G

 
A

S
S

E
M

B
L

Y
 



1.3.1 CAR WEIGHT 

Definition for car weight abbreviation description is as follows: 

(a) AWO--Empty weight: car 3700, 42.5 tons (including instrumentation 
estimated at 1.35 tons); car 3701, 41.4 tons 

(b) AW2--Full load (AWO + 15.4 tons) 

(c) AW3--Crush load (AWO + 21 tons) 

1.3.2 EQUIPMENT LIST AND INTERFACE DETAILS 

The major system components are listed in Table 1-1. 

Table 1-1" Energy Storage System Components 

Component 

Motor/flywheel unit 

Motor/flywheel unit 

Traction motor 

Chopper 

Smoothing inductor 

Input inductor 

Propulsion control 

Power control unit 

Auxiliary control unit 
Flywheel field supply 
Traction field supply 
Alternator regulator 

Brake resistor 

Air duct assembly 
Air duct filter 
Cooling fan 

System instrument panel 

AiResearch 
Part No. 

543122-1 

543122-2 

2000756-1 

2001000-1 

542551 

542553 

2000997-1 

542540 

542542 
2015368 
2015367 
NA 

NA 

523050 

543121 

Oty per 
Car 

4 

2 

Figure 1-3 is a simplified circuit schematic that shows major system 
interfaces for a single-car system. 
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2. TEST DESCRIPTION 

2.1 FACILITY 

Energy storage car testing was accomplished at the Transportation Test 
Center (TTC), Pueblo, Colorado. Actual running of the ESC was performed on 
the UMTA test track under existing environmental conditions. 

The UMTA test track is a 9.1-mile, nearly oval loop embodying six different 
types of construction. Track layout and construction are shown in Figure 2-1 
and the track profile in Figure 2-2. 

2.2 INSTRUMENTATION 

The vehicle was instrumented to record data on magnetic tape for future 
retrieval and on an oscillograph for quick-look monitoring of selected para­
meters. In addition, system component temperatures were recorded on a strip 
chart recorder for a limited number of test conditions. System input power 
was integrated on a digital readout to provide kilowatt-hour data for power 
consumption runs. Figure 2-3 is a block diagram of the onboard data acquisi­
tion system. (Refer to Table 2-1 for details.) 

Retrieval of taped data was usually accomplished by playback on an eight­
channel recorder in the manner shown in Figure 2-4. (Refer to Table 2-2 for 
details.) Data reduction was then carried out using the analog information 
provided from these playbacks. In some cases (e.g., power consumption) data 
was manually tabulated directly from the digital readouts. 

The bandwidth resolution and sensitivity ranges of the recording equipment 
and the sensors are summarized in Table 2-3. 

An example of the parameters recorded and the instrumentation used for the 
performance tests is shown in Table 2-4. 

Other volumes of this report include block diagrams of instrumentation 
related to individual parameters when additional details are required. 

2.3 PROCEDURES 

ESC test procedures are described in TSC General Vehicle Test Plan, GSP-064. 
Detailed requirements for these tests are covered in AiResearch documents 
73-9373 and 74-10441. 

2-1 



119 LB WELDED R,AI L, 119 LB WELDED

7
AI L, 

CONCRETE TIES CONCRETE TIES 119 LB WELDED RAIL, 
(23 IN. ON CURVE) (33 IN. ON CURVE) WOOD TIES (24 IN. ON 

TANGENT; 23 IN. ON 
480 CURVE 

1~10 
ll: 1lI ~ 40 

46+25 = 527+96 

PSC41 0 

Ps411 

119 LB WELDED RAIL, 340 
CONCRETE TIES (30 IN. _---
ON TA~~:NT; 2!.J!i:---330'" 
ONCU~ 

1 00 LB JO I NTED 
RAI L, WOOD TI ES 
(24 IN. ON TANGENT; 
23 IN. ON CURVE) 

N, 

UMTA TEST 
TRACK 

50 

100 

I 

150 

'\. 205 
n " . 

~I '" 
240 230 ~ 

1

100 LB WELDED RAIL, 
WOOD TI£S (23 IN. 
ON CURVE) 

Figure 2-1. Rail Transit Test Track Layout 

2-2 



N
 I w
 

.-
4

9
5

0
 

t :z
 

o ~
 

Gj
 

4
9

0
0

 
-
I
 

lL
I 

-0
.0

3
8

5
 

PE
R

C
EN

T 

-0
.0

1
7

1
 

PE
R

C
EN

T 

-0
. 0

24
4 

PE
RC

 E
N

T 

+
0

.3
3

3
3

 
PE

R
C

EN
T 

LE
V

E
L 

+
0

.8
4

9
7

 
PE

R
C

EN
T 

C
t
~
 

4
8

5
0

1
-

I 
S

E
C

TI
O

N
 

I 
·1-

11
-1·

 
II

I 
.. 
,-

IV
 

..
 ~
V
~
V
I
-
I
~
I
 

I 
I 

1
°
3

0
' 

CU
RV

E 
I 

I-
.
-
I
~
T
A
N
G
E
N
T
~
~
l
°
 3

0
' 

C
U
R
V
E
~
.
 

TA
N

G
EN

T 
.1

. 
.. 

0
° 

so
t 

~I
 

CU
RV

E 

TR
A

C
K

 
S

TA
TI

O
N

 
N

U
M

BE
R

S 

II 
I. 

I 
I I

 
II

 I I 

PE
R

C
EN

T 

46
+

23
 

=
 52

7+
96

 

10
0 

2
0

0
 

3
0

0
 

4
0

0
 

50
0 

52
7+
~6
 

4
6

+
2

5
 

F
ig

u
re

 
2

-2
. 

N
om

in
al

 
T

ra
ck

 P
ro

fi
le

 



N
 I .t=

 

~
 F

LY
W

H
E

E
L 

SP
EE

D
 r
-
-

.... 
VO

L 
TA

G
E 

T
 

D
IV

ID
E

R
 

V
O

LT
A

G
E

 
PR

O
BE

 
'"

"
"
"
-
-
-

(T
Y

P
 I

 C
A

L 
O

F)
 

4 -L I NEAR A
C

C
E

LE
R

O
M

E
TE

R
 

(T
Y

P
IC

A
L

 
O

F 
4

) 

a:
::

:r
;=

;:
t 

C
O
~
 

D
IS

P
LA

C
E

M
E

N
T 

(1
) 

~
 F

LY
W

H
E

E
L 

SP
EE

D
 

(1
) 

C
AR

 
CO

M
M

AN
D 

S
IG

N
A

L 
(1

) 

o 
E

V
E

N
T 

M
AR

KE
R

 
M

AN
U

AL
 

~ 
I SH

U
N

T 
I 

II SO
 L

A
 T

 IO
N

 I 
A

M
P

LI
 F

 I 
ER

 
JR

R
E

N
T 

1U
N

T 
-

50
 

M
V 

fY
P

IC
A

L
 

O
F 

6)
 

l 
C

AR
R

 I
 E

R 
PS

 I
 

M
O

D
/D

EM
O

D
 J 

BR
AK

E 
P

R
E

S
S

U
R

E
 

TR
A

N
S

D
U

C
E

R
 

. 
N

IN
T

H
 

W
H

EE
L 

S
P

E
E

D
 

AN
D

 
D

IS
TA

N
C

E
 

n 
H~

FR
EQ

UE
NC

Y 
A

rr
F

I 
F

R
n

M
F

T
F

R
S

 

(T
Y

P
 I

C
A

L 
O

F 
3)

 

TH
E 

RM
O 

CO
 U

P 
LE

 
(T

Y
P

 I
 C

A
L 

O
F 

1
2

) 

S
IG

N
A

L 
C

O
N

D
IT

IO
N

IN
G

 
AN

D
 

PO
W

ER
 

S
U

P
P

LY
 

'
-
-
-
-

I FRE
Q

U
EN

C
Y 

C
O

N
VE

R
TE

R
 ~ 

AN
D

 
IS

T
A

 I 
R

C
AS

E 
G

EN
ER

AT
O

R
 J 

I 

l 
C

H
AR

G
E 

I 
A

M
P

L 
I F

 I 
ER

S 

I F
ig

u
re

 
2

-3
. 

SU
 I

 T
C

A
S

E
 

I N
S

TR
. 

G
A

LV
A

N
O

-

~
 
~
 

M
ET

ER
 

PO
W

ER
 

C
O

N
D

IT
IO

N
IN

G
 

KW
 

KW
 

N
ET

W
O

R
K 

~
 

ST
D

 
G

SC
 

IT
ID

 
IT

lI
l 

PW
R 

CO
NS

 ~
W
R
 

C
O

N
S 

I
l
~
 

~ f-
- ~
 

r
-
-
-
-
-

,
.
-
-
-

- r
-

-

:t D
at

a 
A

cq
u

is
it

io
n

 
S

ys
te

m
 

L 
F/

W
 

,\:
,3.

 
S

P
E

E
D

 

1[
%

 J
 ~ ) ~

 +
 \11 

II 
~ 

~ 
~
 ~ 

~ 
/\/ 

..
--

-

0 :z
 -

' 
<
{
~
 

~
~
 

~~
 

1
-
1

- :~
 

;::
5 -

D
IR

E
C

T
 

R
EA

D
O

U
T 

O
SC

 I
 L

LO
G

R
A

P
H

 

t
-
-

r
-

f
-
-
-

r-
--

r-
--

r
-

- -

I 

M
AG

N
ET

 I 
C

 T
A

P
E

 
R

EC
O

R
D

ER
 0 0 

1 D:~."·
 

: ..
.. 

TE
M

P
E

R
A

TU
R

E
 

R
EC

O
R

D
ER

 
12

 
C

H
AN

 
S

TA
M

P
E

R
 

-



I'
\)

 
I U
1

 

It
em

 
N

o.
 1 2 3 4 5 6 7 8 

T
ab

le
 

2
-1

. 
D

at
a 

A
c
q

u
is

it
io

n
 

S
y

st
em

 
In

st
ru

m
e
n

ta
ti

o
n

 

ES
C 

In
st

ru
m

en
ta

ti
o

n
 

M
od

el
 

R
es

po
ns

e 
D

es
cr

ip
ti

o
n

 
N

o.
 

M
fg

. 
R

an
ge

 
S

e
n

si
ti

v
it

y
 

O
sc

i 
11

0g
ra

ph
 

R
ec

o
rd

er
 

5
-1

1
9

 
B

el
l 

&
 

o 
to

 
50

0 
Hz

 
~
 

2
.5

 
v 

p
er

 
(3

6 
C

h
an

.)
 

H
ow

el
l 

in
. 

O
sc

i 
11

0g
ra

ph
 

R
ec

o
rd

er
 

5
-1

2
4

 
B

el
l 

&
 

o 
to

 
50

0 
Hz

 
~
 

2
.5

 
v 

p
er

 
(1

2 
C

h
an

.)
 

H
ow

el
l 

in
. 

M
u

lt
ip

o
in

t 
T

em
p

er
at

u
re

 
S

p
ee

d
o

-
L

ee
ds

 &
 

N
. A

. 
~
 

50
°F

 
p

er
 

R
ec

o
rd

er
 

(1
2 

C
h

an
.)

 
m

ax
 

"H
I! 

N
o

rt
h

ro
p

 
in

. 

T
ap

e 
R

ec
o

rd
er

 
2

1
1

4
 

P
re

c
is

io
n

 
o 

to
 

1
0

k
H

z 
~
 

10
 

.m
v 

In
st

ru
-

m
in

im
um

 
m

en
ts

 

S
tr

a
in

 
G

ag
e 

S
ig

n
al

 
LS

K
 

A
i 

R
es

ea
rc

h
 

o 
to

 
1

0
k

H
z 

~
 

10
 
~
e
 

C
o

n
d

it
io

n
in

g
 

36
39

8 
m

in
im

um
 

G
en

er
a 
lS

i 
gn

a 
1 

LS
K

 
A

i 
R

es
ea

rc
h

 
o 

to
 

50
0 

H
z 

N
. A

. 
C

o
n

d
it

io
n

in
g

 
36

05
2 

A
cc

el
er

o
m

et
er

 C
ha

rg
e 

D
II

 
U

nh
ol

 t
z
 

o 
to

 
10

 
kH

z 
Ig

 
to

 
lO

O
O

g 
A

m
p

li
fi

er
s 

D
ic

k
ie

 
F.

 S
. 

S
pe

ed
 &

 
D

is
ta

n
ce

 
LS

K
 

A
i 

R
es

ea
 r

ch
 

o 
to

 
I 

kH
z 

~
 

±O
. 

I 
m

ph
 

S
ig

n
al

 
C

o
n

d
it

io
n

in
g

 
36

22
0 

&
 

&
 

LS
K

 
~
 
±

I.
O

 
ft

. 
36

05
4 

Ca
 1

 i b
. 

N
ot

es
 

o 
to

 2
 

in
. 

fo
r 

F.
 S

. 
si

g
-

n
al

 

o 
to

 2
 

in
. 

fo
r 

F.
 S

. 
si

g
-

n
al

 

o 
to

 
12

00
0
F 

(T
yp

e 
E

 
S

en
so

r)
 

±5
 

v 
F

.S
. 

si
g

n
al

 

D
ep

en
ds

 
on

 
S

en
so

r 

±5
 

v 
F

.S
. 

P
ro

v
id

es
 

si
g

n
al

 
b

u
ff

e
ri

n
g

 
fo

r 
v

o
lt

a
g

e
s 

an
d 

a
c
c
e
ls

. 

5 
v 

=
 3

g 

o 
to

 5
0 

m
ph

 -
-



I'V
 

I 0
'\

 

It
em

 
N

o.
 9 10
 " 12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

T
ab

le
 

2
-1

. 
D

at
a 

A
c
q

u
is

it
io

n
 S

ys
te

m
 

In
st

ru
m

e
n

ta
ti

o
n

 
(C

o
n

ti
p

u
ed

) 

ES
C 

In
st

ru
m

en
ta

ti
o

n
 

M
od

el
 

R
es

po
ns

e 
D

es
cr

ip
ti

o
n

 
N

o.
 

M
fg

. 
R

an
ge

 
S

e
n

si
ti

v
it

y
 

C
ha

rg
e 

A
cc

el
er

o
m

et
er

s 
22

72
 

E
nd

ev
co

 
o 

to
 5

 
kH

z 
~
 

.0
1 

g 
m

in
im

um
 

L
in

ea
r 

A
cc

el
er

o
m

et
er

s 
LS

BC
 

S
ch

ae
v

it
z 

o 
to

 
40

 
Hz

 
~
 

.0
01

 
g 

3
9

-2
 

m
in

im
um

 

C
u

rr
en

t 
S

h
u

n
ts

 
PR

IO
O

O
 

Q
ua

l 
i t

y
 

o 
to

 5
00

 
Hz

 
~
 

O
. 

I 
m

v 
E

le
c
tr

ic
 

m
in

im
um

 

C
u

rr
en

t 
S

hu
nt

 
62

71
A

 
S

c
ie

n
ti

fi
c
 

o 
to

 
12

0 
Hz

 
~
 

0.
5%

 o
f 

Is
o

la
to

rs
 

C
ol

um
bu

s 
1 

F.
 S

. 

V
o

lt
ag

e 
D

iv
id

er
s 

-
A

i R
es

ea
rc

h 
o 

to
 

I 
kH

z 
~
 
0

.5
 v

 
m

in
im

um
 

C
al

ib
ra

ti
o

n
 

Po
w

er
 

L
S5

13
 

La
m

bd
a 

o 
to

 4
0 

v 
10

0 
j.1

V
 

S
up

pl
y 

C
al

ib
ra

ti
o

n
 

F
re

qu
en

cy
 

C
F6

0l
R

 
A

na
de

x 
I 

Hz
 

to
 

±I
 

co
u

n
t 

C
o

u
n

te
r 

9
9

,9
9

9
 

Hz
 

C
al

ib
ra

ti
o

n
 O

sc
il

la
to

r 
20

4C
 

H
ew

le
tt

 
5 

Hz
 

to
 

1.
2 

±I
%

 
P

ac
ka

rd
 

m
Hz

 

C
al

 i
 b

ra
 t 

i o
n 

RM
 S

 
42

7A
 

H
ew

le
tt

 
0.

01
 

v 
to

 
~
 

0
.5

 m
v 

V
o

lt
m

et
er

 
P

ac
ka

 rd
 

30
0 

v 
m

in
im

um
 

10
 

H
z 

to
 

I 
m

Hz
 

C
al

ib
ra

ti
o

n
 

DC
 

V
o

lt
-

D
SI

O
O

 
D

o
ri

c 
o 

to
 

10
00

 
v 

O
. 

I 
m

v 
m

et
er

 

In
v

e
rt

e
r 

10
00

 
T

op
az

 
DC

 
to

 6
0 

Hz
 

N
. A

. 
GC

CW
D 

-
-

,-

Ca
 l

ib
. 

N
ot

es
 

A
i R

es
ea

rc
h 

C
e
rt

if
ie

d
 

5 
v 

=
 

2 
g 

50
 

m
v 

=
 

10
00

A
 

50
 m

v 
=

 
I 

5v
 

75
0 

v 
=

 
9 

v 
O

. 
1%

 
R

e-
si

st
iv

e
 

D
iv

id
er

 

A
i R

es
ea

rc
h 

C
e
rt

if
ie

d
 

A
i R

es
ea

rc
h

 
C

e
rt

if
ie

d
 

A
i R

es
ea

rc
h 

C
er

ti
 fL

ed
 

A
i R

es
ea

rc
h 

C
e
rt

if
ie

d
 

A
i R

es
ea

rc
h 

C
e
rt

if
ie

d
 

N
.A

. 



I\
.)

 
I --
:]

 

It
em

 
N

o.
 

20
 

21
 

22
 

T
ab

le
 

2
-1

. 
D

at
a 

A
c
q

u
is

it
io

n
 

S
ys

te
m

 
In

st
ru

m
e
n

ta
ti

o
n

 
(C

o
n

ti
n

u
ed

) 

ES
C 

In
st

ru
m

en
ta

ti
o

n
 

M
od

el
 

R
es

po
ns

e 
D

es
cr

ip
ti

o
n

 
N

o.
 

M
fg

. 
R

an
ge

 
S

e
n

si
ti

v
it

y
 

Ca
 1

 i b
. 

N
ot

es
 

O
sc

il
lo

sc
o

p
e 

50
3 

T
ek

tr
o

n
ix

 
DC

 
to

 
I 

m
Hz

 
10

 
m

v 
I 

A
iR

es
ea

rc
h

 
m

in
im

um
 

C
e
rt

if
ie

d
 

C
o

u
p

le
r 

D
is

p
la

ce
m

en
t 

W
R8

 
L

oc
kh

ea
d 

DC
 

to
 

50
 

Hz
 

~
 

'.
0

 v
 

p
e
r 

5 
in

. 
F

.S
. 

E
le

c
tr

o
n

ic
s 

in
. 

K
i 

lo
w

at
t 

H
ou

r 
M

et
er

 
LS

K 
A

i R
es

ea
rc

h
 

o 
to

 9
9

,9
9

9
.9

 
O

. 
I 

KW
HR

 
1

.5
 M

EG
A 

36
12

9 
KW

HR
 

W
at

t 
F

.S
. 



N
 I ex
:> 

14
 

CH
AN

NE
L 

TA
PE

 
RE

PR
OD

UC
E 

SY
ST

EM
 

I I I :u I I I I! 

-.
 

F
. 

M
. 

RE
PR

OD
UC

E 
EL

EC
TR

O
N

IC
S 

D
IG

IT
A

L 
VO

LT
M

ET
ER

 

D
.C

. 
PO

W
ER

 
SU

PP
LY

 

FR
EQ

UE
NC

Y 
CO

UN
TE

R 

[ 
O

SC
 I

 L
LA

TO
R

 

CA
LI

BR
A

TI
O

N
 

IN
ST

RU
M

EN
TS

 

--
. 

F
ig

u
re

 
2

-4
. 

D
at

a 
R

ec
ov

er
y 

S
ys

te
m

 

FR
EQ

UE
NC

Y 
TO

 
AN

AL
OG

 
CO

NV
ER

TE
R 

8 
CH

AN
NE

L 
PR

E-
A

M
P 

AN
D 

GA
LA

NO
M

ET
ER

 
D

RI
V

ER
 

8 
CH

AN
NE

L 
ST

R
IP

 
CH

AR
T 

RE
CO

RD
ER

 



N
 I 

\.
0

 

It
em

 

1 2 3 4 5 6 7 

In
st

ru
m

en
t 

M
ag

ne
ti

c 
T

ap
e 

R
ec

or
de

r/
R

ep
ro

du
ce

r 

S
tr

ip
 C

ha
rt

 
R

ec
or

de
r 

D
ig

it
al

 
V

ol
t 

M
et

er
 

DC
 

Po
w

er
 

S
up

pl
y 

F
re

qu
en

cy
 C

ou
nt

er
 

O
sc

il
la

to
r 

F
re

qu
en

cy
 

T
ab

le
 

2
-2

. 
D

at
a 

R
ec

ov
er

y 
S

ys
te

m
 

In
st

ru
m

en
ta

ti
o

n
 

M
od

el
 

S
e
n

si
ti

v
it

y
 

R
an

ge
 

D
es

cr
ip

t i
on

 

H
on

ey
w

el
l 

0
·5

 
to

 
10

 
v 

3
-3

/4
 

ip
s 

-
0 

to
 6

25
 

Hz
 

14
-c

ha
nn

el
 

N
o.

 
76

00
 

pe
ak

 f
o

r 
fu

 11
 

7
-1

/2
 

ip
s 

-
0 

to
 

12
50

 
Hz

 
FM

 
re

pr
od

uc
e 

m
ed

-
d

ev
ia

ti
o

n
 

15
 

ip
s 

-
0 

to
 

25
00

 
Hz

 
iu

m
 

ba
nd

 
sy

st
em

. 

B
ec

km
an

-
1

.0
 m

v/
m

m
 

m
ax

. 
o 

-
20

0 
Hz

 
,:!

:20
%

 
8

-c
h

an
n

el
 

d
ir

e
c
t 

O
ff

n
er

 
w

ri
ti

n
g

 o
sc

il
lo

-
T

yp
er

 
gr

ap
h 

D
yn

og
ra

ph
 

D
or

ic
-D

S
 

0.
1 

m
v 

to
 

-
D

c 
v

o
lt

m
et

er
 

10
0 

10
00

v 

La
m

bd
a 

10
0 

IJ.
v 

to
 

40
v 

-
P

re
ci

s 
io

n,
 

p
ro

-
LS

 
51

3 
gr

am
m

ab
le

, 
d

ig
it

a
l 

ad
j u

st
 

A
na

de
x 

,:!:
1 

co
u

n
t 

1 
H

z 
to

 
99

.9
99

 k
H

z 
D

ig
it

al
 

C
ou

nt
er

 
C

F6
01

 R
 

H
ew

le
tt

-
.:!:

1%
 o

f 
sc

a
le

 
5 

Hz
 

to
 

56
0 

kH
z 

So
 1

 i
d

s
 ta

 te
, 

P
ac

ka
rd

 
b

at
te

ry
-o

p
er

at
ed

 
20

4B
 

A
na

de
x 

O
.O

lv
 

RM
S 

5 
Hz

 
to

 
51

. 2
 k

H
z 

F
re

qu
en

cy
 t

o
 

P
l-

40
8R

 
th

re
sh

o
ld

 
an

al
o

g
 

co
n

v
er

te
r 

v
o

lt
ag

e 
w

it
h

 z
er

o
 

su
p-

p
re

ss
 io

n 
-
-
-
-
-
-
-
-
-
-
-

-
-



1'
0 I a 

P
ar

am
et

er
 

V
o

lt
ag

es
 

C
u

rr
en

ts
 

L
in

ea
r 

A
cc

el
er

o
m

et
er

s 

S
pe

ed
 

C
ha

rg
e 

A
cc

el
er

o
m

et
er

s 

T
em

p
er

at
u

re
 

R
ec

o
rd

er
 

O
sc

i 
ll

o
g

ra
p

h
 

R
ec

o
rd

er
s 

T
ap

e 
R

ec
o

rd
er

 

T
ab

le
 

2
-3

. 
P

ar
am

et
er

 
C

a
li

b
ra

ti
o

n
 

R
an

ge
s 

C
a
li

b
ra

ti
o

n
 

R
an

ge
 

10
00

 
v 

=
 F

.S
o 

(7
50

 
v 

=
 9

.0
0

0
 v

) 

10
00

 A
 

50
 

m
v 

-
5 

v 

±
0

.5
 

g 
=

 ±
5 

v 

o 
to

 
50

 
m

ph
 

±
 

3 
g 

o 
to

 
12

00
 

o
f 

T
yp

e 
E

 T
he

rm
oc

ou
pl

e 

5 
v 

=
 2

 
in

. 

±5
 

v 
F

.S
. 

(±
40

%
 

d
ev

ia
ti

o
n

 o
n 

FM
) 

C
al

 i
b

ra
ti

o
n

 

R
e
si

st
iv

e
 

D
iv

id
er

 
(0

.0
1%

 R
e
si

st
o

rs
) 

L
am

bd
a 

Po
w

er
 

S
u

p
p

ly
 a

nd
 

D
o

ri
c 

V
o

lt
m

et
er

 

C
e
rt

if
ie

d
 C

u
rr

en
t 

S
h

u
n

t 
la

m
bd

a 
Po

w
er

 
S

up
pl

y 
an

d 
D

o
ri

c 
V

o
lt

m
et

er
 

C
al

ib
ra

te
d

 A
cc

el
er

o
m

et
er

 
La

m
bd

a 
Po

w
er

 
S

u
p

p
ly

 a
nd

 
D

o
ri

c 
V

o
lt

m
et

er
 

H
.P

. 
O

sc
il

la
to

r 
an

d 
A

na
de

x 
C

o
u

n
te

r 

C
al

ib
ra

te
d

 A
cc

el
er

o
m

et
er

 
H

.P
. 

O
sc

il
la

to
r 

an
d 

H
.P

. 
RM

S 
V

o
lt

m
et

er
 

Ic
e
 

B
at

h 
R

ef
er

en
ce

 
La

m
bd

a 
Po

w
er

 
S

up
pl

y 
an

d 
D

o
ri

c 
V

o
lt

m
et

er
 

H
.P

. 
O

sc
i 

ll
a
to

r 
&

 H
.P

. 
RM

S 
V

o
lt

m
et

er
 o

r 
L

am
bd

a 
Po

w
er

 
S

up
pl

y 
an

d 
D

or
ic

 
V

o
lt

m
et

er
 

La
m

bd
a 

Po
w

er
 

S
up

pl
y 

an
d 

D
or

ic
 

V
o

lt
m

et
er

 

T
o

ta
l 

po
w

er
 

co
ns

um
pt

io
n 

fo
r 

th
e 

e
n

ti
re

 
in

st
ru

m
en

ta
ti

o
n

 
sy

st
em

 
is

 ~
 

1
.5

 
kw

. 



N
 I -- --

T
ab

le
 2

-4
. 

P
er

fo
rm

an
ce

 T
es

t 
P

ar
am

et
er

s 
an

d 
In

st
ru

m
en

ta
ti

on
 

I 
R

ec
o 

rd
ed

 
A

cc
el

 
Pa

 r
am

et
e 

r 
T

es
ts

 

E
ve

nt
 

an
d 

T
im

e 
M

ar
k 

0 
T

 

V
o

lt
s,

 
3r

d 
R

ai
l 

0 
T

 

V
o

lt
s,

 
C

ap
ac

it
o

r 
B

an
k 

V
o

lt
s,

 
F

ly
w

he
el

 
M

tr
. 

A
 

0 
T

 

V
o

lt
s,

 
T

ra
c.

 
M

tr
. 

A
 

0 

C
u

rr
en

t,
 

3r
u 

RQ
 i

 I 
37

00
 

0 
T

 

C
u

rr
en

t,
 

3r
d 

R
ai

l 
37

01
 

0 

C
u

rr
en

t,
 

T
ra

c.
 

M
tr

. 
A

 
O

(A
)T

 

C
u

rr
en

t,
 

T
ra

c.
 

M
tr

. 
B

 

C
u

rr
en

t,
 

F
ly

w
he

el
 

M
tr

. 
A

 
O

(A
)T

 

C
u

rr
en

t,
 

F
ly

w
he

el
 

M
tr

. 
B

 

V
ib

ra
ti

o
n

, 
C

ar
bo

dy
 

V
er

t.
 

V
ib

ra
ti

o
n

, 
C

ar
bo

dy
 

L
at

. 

V
ib

ra
ti

o
n

, 
C

ar
bo

dy
 

L
on

g.
 

V
ib

ra
ti

o
n

, 
F

ly
w

he
el

 
V

er
t.

 

V
ib

ra
ti

o
n

, 
F

ly
w

he
el

 
L

at
. 

V
ib

ra
ti

o
n

, 
F

ly
w

he
el

 
L

on
g.

 

A
cc

el
er

at
io

n
, 

V
eh

ic
le

 
L

on
g.

 
0 

T
 

D
is

p
la

ce
m

en
t,

 
C

o
u

p
le

r 

C
ar

 
C

om
m

an
d 

S
ig

n
al

 
0 

T
 

D
is

ta
n

ce
, 

V
eh

ic
le

 
0 

T
 

S
pe

ed
, 

V
eh

ic
le

 
0 

T
 

S
pe

ed
, 

FI
Y

l-
lh

ee
l 

A
 

0 
T

 

L
oc

k-
ou

t 
M

ag
ne

t 
0 

T
 

P
re

ss
u

re
, 

B
ra

ke
 

C
yl

 i
n

d
er

 
0 

V
oi

ce
 

T
 

T
em

p
er

at
u

re
 W

he
el

, 
B

ra
ke

 
Sh

oe
 

S 

T
em

p
er

at
u

re
 V

eh
ic

le
 

C
om

po
ne

nt
s 

N
O

TE
: 

T
 

-
-

0 
R

ec
or

de
d 

on
 

M
ag

ne
ti

c 
T

ap
e 

R
ec

or
de

d 
on

 
O

sc
il

lo
g

ra
p

h
 

P
ap

er
 

D
ec

el
 

T
es

ts
 

(B
le

nd
ed

) 

0 
T

 

0 
T

 

i i 
0 

T
 

0 
I 

0 
T

 

0 O
(A

)T
 

O
(A

)T
 

0 
T

 

0 
T

 

0 
T

 

0 
T

 

0 
T

 

0 
T

 

0 

T
 

S 

S 
R

ec
or

de
d 

on
 

S
tr

ip
-C

h
ar

t 
T

em
p

er
at

u
re

 S
ta

m
pe

r 

D
ec

e 
I 

T
es

ts
 

(F
ri

c
t 

io
n)

 

0 
T

 

0 
T

 

0 
T

 

0 0 
T

 

0 O
(A

)T
 

O
(A

)T
 

0 0 0 0 0 0 0 

(A
) 

Ca
 r

 
37

00
 

(B
) 

Ca
 r

 
37

01
 T

 

T
 

T
 

T
 

T
 

T
 

T
 

D
ri

 f
t 

T
es

ts
 

0 
T

 

0 0 0 0 
T

 

0 0 O
(A

)T
 

O
(B

) 

O
(A

)T
 

o (
B

) 

0 0 

T
 

T
 

0 
T

 

0 0 
T

 

0 
T

 

0 
T

 

0 
T

 

0 0 
T

 

T
 

D
ut

y 
Po

w
er

 
C

yc
le

 
C

on
su

m
pt

io
n 

T
es

ts
 

T
es

ts
 

0 
T

 
0 

T
 

0 
0 

T
 

0 0 
T

 
0 

0 
T

 
0 

T
 

0 
0 

0 
0 

T
 

O
(A

)T
 

0 
T

 

O
(B

) 

O
(A

)T
 

0 
T

 

O
(B

) 

0 0 0 
T

 
0 

T
 

0 
0 

0 
T

 
0 

T
 

0 
T

 
0 

T
 

0 
T

 
0 

T
 

0 
T

 
0 

T
 

0 
T

 

0 
T

 

T
 

T
 

S 

M
is

c.
 

S 



TEST ORDER 

Test effort at the TTC was conducted in the following sequence: 

(a) Verification of safe arrival AiResearch Document 73-9373 

(b) Debugging procedure (Tests planned prior to 

(c) Performance verification tests Contract DOT-TSC-838.) 

(d) Expanded test program AiResearch Document 74-10441 

(Tests added for Contract 

DOT-TSC-838.) 

Only the tests in categories c and d are reported herein. 

2.4 TEST DESCRIPTION AND RESULTS 

2.4.1 VERIFICATION OF SAFE ARRIVAL 

Upon arrival at the TTC the ESC were subjected to a thorough preliminary 
checkout and processing by representatives of AiResearch and NYCTA. Particular 
attention was given to the newly installed equipment and wiring. 

The checkout included a thorough functional examination of the mechanical 
and electrical devices and their controls. The air brake system was function­
ally tested per NYCTA Car Setup Procedures. Miscellaneous auxilliary equipment 
and the propulsion system were also functionally checked out, followed by 
a car clearance check that consisted of towing the cars on a track equipped 
with a third rail to confirm proper alignment of the third rail shoe. The 
clearance check was performed on both the tangent and minimum radius track 
for the third rail shoe and other external car-mounted equipment. 

The run logs included herein in Appendix C, provide a record of the 
sequence of events. Test results in each category are compiled by test set, 
not necessarily in chronological order. The order of testing was selected 
to assure efficient scheduling and to minimize the shifting of ballast. 

2.4.2 DEBUGGING OPERATIONS (FOUR-CAR TRAIN) 

Initial operation was conducted to functionally check out the car's con­
trol sYftem by verifying the stability of a four-car system (two ESC's coupled 
to two R-42 cars) under AWO conditions (empty weight) throughout the ESC's 
speed regime. Compatibili.ty testing of the ESC vehicles was conducted at 
Pueblo with the R-42 cars because they were available. The R-42 vehicles are 
trainline-compatible with the original R-32 cars and are similar in size and 
performance characteristics. Calibration and trimming of the controls were 
also performed during the debugging operation. A copy of the log for the 
trainline test is included in Appendix C, run 32. 
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All runs from the initial run through run 31 were conducted for the 
purpose of thoroughly checking the ESS and its associated instrumentation for 
proper operation and integrity; also, these runs were utilized to familarize 
the car operator with the ESS operation and handling characteristics. The 
logs and all data recorded during the first 31 runs were not relevant to the 
test program. Therefore, they are not included herein. 

2.4.3 PERFORMANCE VERIFICATION TESTS 

The following verification tests (refer to Table 2-5) were conducted in 
accordance with the procedures described in AiResearch Proposed Test Program, 
document 73-9373 and Expanded Testing, document 74-10441, on two R-32 cars 
(3700 and 3701) converted to energy storage cars. 

NOTE 

Instrumentation for these tests is listed in Table 2-1. 

2.4.4 FAILURE MODES AND SAFETY DEMONSTRATION 

Cars 3700 and 3701 demonstrated safe ESS response when various fault sen­
sors and critical control signals were actuated or interrupted. Initially, 
the condition of both cars was established at (1) zero speed on energized 
third rail, (2) flywheels operating at steady-state speed, and (3) controls in 
the OFF position. Thereupon, the transient conditions of AiResearch document 
75-9373, were introduced. 

2.4.5 RESULTS 

All safety features of both cars performed successfully. The QSD and 
safety devices operated as specified for the respective design application. 
Both cars were given a safety clearance to continue testing. Refer to test 
log 32, Appendix C. 

2.5 TEST SETS 

Each of the 21 ESC test sets listed in Table 2-5 incorporates a test objec­
tive, description, procedure, and a definition of instrumentation and data 
processing requirements. The information that makes up the test set is defined 
in General Vehicle Test Plan, GSP-064. This same information, along with the 
processed data and discussion of the results are packaged together to form a 
compact sub-report of each test set. 

The other volumes of this report each include the test sets applicable to 
the subject matter covered by that specific volume. Each test set is preceded 
by a summary sheet which includes the test set number, title, objective, 
description, and status of results. Summary sheets for the performance, power 
consumption, and radio frequency interference tests are provided in Volume II; 
noise test summary sheets, in Volume III; and ride roughness summary sheets in 
Volume IV. To provide and overview of the ESC test results, all of the summary 
sheets are presented in Appendix B of this volume. 
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A brief outline of the GSP-064 test sets used in the energy storage car 
test program are provided in paragraphs 2.5.1 through 2.5.21. 

2.5.1 ACCELERATION - ESC-P-2001-TT 

2.5.1.1 Objective 

To determine the overall acceleration characteristics of the test vehicle 
as affected by controller input level, line voltage, car weight (load weight­
ing), car direction, and train consist. 

2.5.1.2 Description 

The test vehicle was acclerated at the required controller command on 
level tangent track. The following combinations can be tested: 

Procedure O12 tion Prime Variable Test Conditions 

(4) Controller level Half and full power 

(6) Line voltage Min, 600, & max. volts 

(5) Car weights AWO, AW2 and AW2 

(3) Car direction Forward and reverse 

(7) Train consists 2-car train 

2.5.1.3 Procedure 

The tests were performed in accordance with procedures described in 
AiResearch documents 73-9373 and 74-10441 in conformance with Test Set Number 
ESC-P-2001-TT of TSC General Vehicle Test Plan GSP-064. 

2.5.1.4 Results 

The cars completed the acceleration tests successfully. A copy of the 
log for test runs 49 and 55 are included in Appendix C. Details and data 
reduced from tapes recorded during these tests are presented in Volume II. 

2.5.2 BLENDED BRAKING DECELERATION - ESC-P-3001-TT 

2.5.2.1 Objective 

To determine the overall deceleration characteristics of the test 
vechicle utilizing the blended braking system as affected by controller input 
level, line voltage, car weight (load weighting), car direction, and train 
consist. Regeneration capability will be tested at varying line load. 

2-15 



2.5.2.2 Description 

The test vehicle was decelerated at the required controller command on 
level tangent track. The following test combinations can be tested: 

Procedure Option Prime Variable Test Conditions 

(5) Controller level Half and full brake 

( 6) Car weights AWO, AW2, AW3 

(7) Line voltage Min, 600, & max. volts 

(8 ) Train consists 2-car train 

(4) Car direction Forward and reverse 

( 10) Regeneration (Load) 100% and 50% line 

receptivity 

2.5.2.3 Procedure 

Cars 3700 and 3701, under AWO, AW2 and AW3 conditions were subjected to 
deceleration tests in accordance with procedures described in AiResearch 
documents 73-9373 and 74-10441 in conformance with Test Set Number ESC-P-3001 
of TSC General Vehicle Test Plan GSp-064. 

2.5.2.4 Results 

The cars completed the blended braking deceleration tests successfully. 
A copy of the log for test runs 55 and 76 are included in Appendix C. Details 
and data reduced from tapes recorded during these tests are presented in 
Volume II. 

2.5.3 SERVICE FRICTION DECELERATION - ESC-P-3002-TT 

2.5.3.1 Objective 

To determine the overall deceleration characteristics of the test vehicle 
utilizing the friction braking only system as affected by controller input 
level, car weight (load weighting), car direction, and train consist. 

2-16 



2.5.3.2 Description 

The test vehicle was decelerated at the required controller command on 
level tagent track. The following test combinations can be tested: 

Procedure Option Prime Variable Test Conditions 

(5) Controller level Half and full brake 

( 6) Car weights AWO, AW2, AW3 

(7) Train consists 2-car train 

(4 ) Car direction Forward and reverse 

2.5.3.3 Procedure 

Cars 3700 and 3701 under AWO, AW2 and AW3 conditions were subjected to 
deceleration tests contained in AiResearch document 74-10441 in conformance 
with Test Set Number ESC-P-3002-TT of TSC General Vehicle Test Plan GSP-064. 

2.5.3.4 Results 

Runs 1 through 8 of the service friction deceleration tests were success­
fully completed. During run No.9, a QSD was initiated due to a fault in car 
3700, flywheel No. 1 Testing was discontinued for approximately the next four 
weeks while both cars were subjected to a thorough checkout under AWO condi­
tions. 

A copy of the log for test runs 54, 55, 67, and 76 are included in 
Appendix C. Details and data reduced from tapes recorded during these tests 
are presented in Volume II. Runs 56 through 66 were conducted to check out 
the ESS and its associated hardware and were not considered germaine to test 
results, therefore, data and log sheets for runs 56 through 66 are not 
included herein. 

2.5.4 TRACTION RESISTANCE (DRIFT) - ESC-p-4001-TT 

2.5.4.1 Objective 

To determine the traction (train) resistance of the test vehicle for 
use in the analysis of adhesion test data, to check the coefficients used 
to calculate the design performance of the vehicle, and as a baseline for 
analysis of the vehicle tractive and braking effort values. 

2.5.4.2 Description 

During the drift tests the test consist was allowed to coast from an 
initial speed on level tangent track. Both propulsion and friction brake 
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were disabled to attain a truE~ coast. The speed-time-distance data is the 
source of the final resistance values. 

Procedure Option 

( 2) 

(3) 

2.5.4.3 Procedure 

Prime Variable 

Car weight 

Train consist 

Test Conditions 

AWO and AW2 

2-car train 

Cars 3700 and 3701 under AWO conditions were subjected to the drift test 
contained in AiResearch docum,ents 73-9373 and 74-10441 in conformance with 
1est Set Number ESC-p-4001-TT of TSC General Vehicle Test Plan GSP-064. 

2.5.4.4 Results 

The cars completed the drift tests successfully. A copy of the log for 
test runs 34, 71, and 74 are included in Appendix C. Details and data 
reduced from tapes recorded during these tests are presented in Volume II. 

2.5.5 FRICTION BRAKE DUTY CYCLES - ESC-P-5001-TT 

2.5.5.1 Objective 

To determine the thermal capacity of the vechicle's friction braking sys­
tem during a sample service run. The dynamic brake system will be inoperative 
during the tests with the friction brake providing all of the decelerating 
force, as applicable. 

2.5.5.2 Description 

The test vehicle was accelerated to a target cruise speed, cruised for a 
defined time, then brake was applied to a simulated station stop. Following 
a defined station dwell the cycle was repeated. 

Procedure Option grime Variable Test Conditions 

(1) Cruise speed and 35 mph for 45 sec. 

time 50 mph for 55 sec. 

(2) Car weight AW2 (or AW3) 

Brake type Solid wheels 

(5) Brake blending Blended & friction only 
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2.5.5.3 Procedure 

Cars 3700 and 3701 under AW2 conditions were subjected to the friction 
brake duty cycle test contained in AiResearch document 74-10441 in confor­
mance with Test Set Number ESC-P-5001-TT of TSC General Vehcile Test Plan 
GSP-064. 

2.5.5.4 Results 

The cars successfully completed the friction brake duty cycle tests. A 
copy of the log for test runs 77 and 81 are included i~ Appendix C. Details 
and data reduced from tapes recorded during these tests are presented in 
Volume II. 

2.5.6 POWER CONSUMPTION - ESC-PC-5011-TT 

2.5.6.1 Objective 

To determine the power consumption of the test vehicle while operating on 
a sample service route at a defined level of schedule performance. The tests 
will provide a measure of car schedule performance, power consumption (regener­
ation), and overall traction system efficiency. 

2.5.6.2 Description 

The cars were operated over a simulated route with stops at specified 
stations. Normal service performance will be used. Power consumed by the 
traction and auxifliaries will be measured for each stop and the round-trip. 
The following test combinations can be tested. 

Procedure Options Prime Variable Test Conditions 

(1) Car weight AW2 

(2) Regeneration 100% and 0% 

(3) Regeneration (Load) 100% and 50% 

(4 ) Line voltage Min, 600, & max. volts 

(5) Train consists 2-car train 

2.5.6.3 Procedure 

Cars 3700 and 3701 under AWO and AW3 conditions were subjected to power 
consumption tests contained in AiResearch document 73-9373 in conformance 
with Test Set Number ESC-PC-5011-TT of TSC General Vehicle Test Plan GSP-064. 
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2.5.6.4 Results 

The cars completed the power consumption tests successfully. However, 
during these tests there w'ere QSD's that were traced to underrated SCR's 
and a zener causing a malfunction to the No.2 flywheel alternator stator 
on car 3700. These SCR's and zener had not been updated to the latest 
configuration due to their unavailability. 

A copy of the log for test runs 35 through 48 are included in Appendix C. 
Details and data reduced from tapes recorded during these tests are presented 
in Volume II. The data obtained also includes power for the motor-generator 
set air compressor. 

2.5.7 RADIO FREQUENCY INTERFERENCE - ESC-PSI-6001-TT 

2.5.7.1 Objective 

To determine levels of broadband radiated electromagnetic emission from 
the test vehicle to the wayside. 

2.5.7.2 Description 

This test to be performed with test vehicle passing by a wayside station 
under each of the following conditions: 

(a) Acceleration above and below base speed 

(b) Constant speed 

(c) Braking 

2.5.7.3 Procedure 

Cars 3700 and 3701 under AWO conditions were subjected to the radio fre­
quency interference test contained in AiResearch document 74-10441 in confor­
mance with Test Set Number ESC-PSI-6001-TT of TSC General Vehicle Test Plan 
GSP-064. The following operations were performed during EMI evaluation: 

(a) Power consumption 

(b) Duty cycles 

(c) Reliability 

(d) Acceleration/Deceleration 

(e) Constant speed 
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2.5.7.4 Results 

The cars successfully completed the radio frequency interference tests. 
A copy of the log for test runs 80 through 82 are included in Appendix C. 
Details and data reduced from tapes recorded during these tests are presented 
in Volume II. 

2.5.8 WAYSIDE EQUIPMENT NOISE SURVEY - ESC-CN-0001-TT 

2.5.8.1 Objective 

To determine the contribution of equipment noise to total test vehicle 
signature. 

2.5.8.2 Description 

This test was performed at a boarding platform area. 

2.5.8.3 Procedure 

Cars 3700 and 3701 under AW3 conditions were subjected to the external 
noise level tests contained in AiResearch documents 73-9373, and 74-10441 
in conformance with Test Set Number ESC-CN-0001-TT of TSC General Vehicle 
Test Plan GSP-064. 

2.5.8.4 Results 

The cars completed the wayside equipment noise survey tests successfully. 
During the performance these tests there were several malfunctions; the main 
malfunction was on car 3700, flywheel No.2, which required replacement. 

A copy of the log for test runs 51 through 54 are included in Appendix C. 
Details and data reduced from tapes recorded during these tests are presented 
in Volume III. 

2.5.9 WAYSIDE EFFECT OF CAR SPEED - ESC-CN-1001-TT 

2.5.9.1 Objective 

To determine wayside noise levels during vehicle passbys during constant 
speed conditions. 

2.5.9.2 Description 

This test was performed at a wayside station 50 feet from the track for 
the following conditions: 

(a) Car weights of AWO and AW3 

(b) Single car and multiple units 

(c) Five selected speeds 
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2.5.9.3 Procedure 

Cars 3700 and 3701 under AW3 conditions were subjected to the external 
noise level tests contained in AiResearch document 73-9373 in conformance 
with Test Set Number ESC-CN-1001-TT of TSC General Vehicle Plan GSP-064. 

2.5.9.4 Result 

The cars completed the wayside effect of car speed tests successfully. 
A copy of the log for test runs 51 through 54 are included in Appendix C. 
Details and data reduced from tapes recorded during these tests are presented 
in Volume III. 

2.5.10 ON CAR EFFECT OF SPEED - ESC-PN-1001-TT 

2.5.10.1 Objective 

To determine noise levels inside the test vehicle while operating at 
various speeds. 

2.5.10.2 Description 

This test was performed at the following conditions: 

(a) Car weights of AWO and A\V3 

(b) Four car interior locations 

(c) Five car speeds 

2.5.10.3 Procedure 

The tests were performed in accordance with procedures described in 
AiResearch document 73-9373 in conformance with Test Set Number ESC-PN-1001-TT 
of TSC General Vehicle Test Plan GSP-064. 

2.5.10.4 Results 

The cars successfully completed the effect of speed test a copy of the 
log for test run 72 is included in Appendix C. Details and data reduced 
from tapes recorded during these tests are presented in Volume III. 

2.5.11 ON CAR EFFECT OF TRACK SECTION - ESC-PN-1101-TT 

2.5.11.1 Objective 

To determine the effeet of the track construction on interior noise 
levels. 
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2.5.11.2 Description 

This test was performed at one test vehicle weight (AWO) and one speed on 
all sections of the UMTA test track. 

2.5.11.3 Procedure 

The tests were performed in accordance with procecures described in 
AiResearch document 74-10441 in conformance with Test Set Number ESC-PN-1101-TT 
of TSC General Vehicle Test Plan GSP-064. 

2.5.11.4 Results 

The cars successfully completed the effect oP track section test. A copy 
of the log for test run 72 is included in Appendix C. Details and data 
reduced from tapes recorded during these tests are presented in Volume III. 

2.5.12 INTERIOR NOISE SURVEY - ESC-PN-1301-TT 

2.5.12.1 Objective 

To determine the noise characteristics of the test vehicle by a survey 
of various passenger locations. 

2.5.12.2 Description 

This test was performed at a single test vehicle weight (AWO) while opera­
ting at a constant speed. 

2.5.12.3 Procedure 

Cars 3700 and 3701 under AWO and AW3 conditions were subjected to interior 
noise level tests contained in AiResearch documents 73-9373 and in conformance 
with Test Set Number ESC-PN-1301 of TSC General Vehicle Test Plan GSP-064. 

2.5.12.4 Results 

The cars performed th interior noise survey tests successfully but experi­
enced a malfunction during the noise level run. The QSD encountered during the 
test was due to a faulty diode in the auxiliary generator circuit of car 3701. 
This diode was of a lower rating than that specified by the latest design 
configuration. 

The faulty diode was replaced with ahigher rated diode per latest draw­
ing. Car 3701 now has a complete diode set per latest drawings. 

A copy of the log for test runs 50, 71, and 72 are included in Appendix C. 
Details and data reduced from tapes recorded during these tests are presented 
in Volume III. 
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2.5.13 ON CAR ACCELERATION EFFECT - ESC-PN-2001-TT 

2.5.13.1 Objective 

To determine noise levels inside the ~est vehicle while acceleratinF. 

2.5.13.2 Description 

This test was performed on selected interior test points at test vehicle 
weights of AWO and AW3. 

2.5.13.3 Procedure 

The tests were performed in accordance with procedures described in 
AiResearch documents 73-9373 and 74-10441 in conformance with Test Set 
Number ESC-PN-2001-TT of TSC General Vehicle Test Plan GSP-064. 

2.5.13.4 Results 

The cars successfully completed the acceleration effect tests. A copy of 
the log for test runs 53, 67, and 72 are included in Appendix C. Details and 
data reduced from tapes recorded during these tests are presented in Volume III. 

2.5.14 ON CAR DECELERATION EFFECT - ESC-PN-3001-TT 

2.5.14.1 Objective 

To determine noise levels inside the test vehicle while deceleratinF. 

2.5.14.2 Description 

This test was performed on selected interior test points for various 
braking configuration at test vehicle weights of AWO and AW3. 

2.5.14.3 Procedure 

The tests were performed in accordance with procedures described in 
AiResearch documents 73-9373 and 74-10441 in conformance with Test Set 
Number ESC-PN-3001-TT of TSC General Vehicle Test Plan GSP-064. 

2.5.14.4 Results 

The cars successfully completed the deceleration effect tests. A copy of 
the log for test runs 53, 67, and 72 are included in Appendix C. Details and 
data reduced from tapes recorded during these tests are presented in Volume III. 

2.5.15 VERTICAL DYNAMIC SilliKE TEST - ESC-R-0001-XX 

2.5.15.1 Objective 

To determine the vehicle vertical natural modes and frequencies. 
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2.5.15.2 Description 

This test will include performing frequency sweeps of the vehicle by 
using a shaker to provide excitation forces. These sweeps will be generated 
for selected locations of the vehicle to determine the natural frequencies. 
At these natural frequencies detailed probes of the vehicle are necessary to 
determine the associated mode shapes. This test will be performed at car 
weights of AWO, AW2 and AW3. 

2.5.15.3 Procedure 

Cars 3700 and 3701, under AWO, AW2, and AW3 conditions, were subjected 
tQ the vertical shake test described in AiResearch document 74-10441 in 
conformance with Test Set Number ESC-R-0001-XX of TSC General Vehicle Test 
Plan GSP-064. 

2.5.15.4 Results 

The cars successfully completed the vertical shake tests. A copy of 
the log for test runs 83 through 86 are included in Appendix C. Details and 
data reduced from tapes recorded during these tests are presented in Volume IV. 

2.5.16 LATERIAL DYNAMIC SHAKE TEST - ESC-R-0002-XX 

The lateral shake test was not performed due to the lack of a mounting 
fixture. (See log for test run 83 in Appendix C.) 

2.5.17 LONGITUDINAL DYNAMIC SHAKE TEST - ESC-R-0003-XX 

The longitudinal shake test was not performed due to the inability of 
the shaker to produce a measurable effect on the car body. (See log for test 
runs 83 through 86 in Appendix C.) 

2.5.17.1 Objective 

To determine the vibration levels of the test vehicle components while 
sationary on the UMTA test track. 

2.5.17.2 Description 

This test was performed on a stationary car at a known level section of 
track. 

2.5.17.3 Procedure 

Cars 3700 and 3701 under AWO conditions were subjected to the component 
induced vibration tests described in AiResearch documents 73-9373 and 74-10441 
in conformance with Test Set Number ESC-R-0010-TT of TSC General Vehicle Test 
Plan GSP-064. 
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2.5.17.4 Results 

The cars successfully completed the component induced vibration tests. A 
copy of ~he log for test run 72 is included in Appendix C. Details and data 
reduced from tapes recorded during these tests are presented in Volume IV. 

2.5.18 WORST SPEEDS - ESC·-R-1101-TT 

2.5.18.1 Objective 

To determine worst steady vibration levels of the test vehicle on the 
UMTA test track. 

2.5.18.2 Description 

The following configurations were tested: 

(a) Vehicle weights of AWO, AW2, and AW3 

(b) All track sections including grade crossings and switches as 
required to simulate revenue service 

(c) Select discrete vehicle speeds simulating revenue service and 
include V (max) 

(d) Select other speeds as required to identify known or suspected 
acute vibration levels associated with carbody characteristics 

2.5.18.3 Procedure 

The tests were performed in accordance with procedures described in 
AiResearch document 74-1041+1 in conformance with Test Set Number ESC-R-1101-TT 
of TSC General Vehicle Test Plan GSP-064. 

2.5.18.4 Results 

The cars performed the worst speed tests successfully. A copy of the log 
for test runs 73 through 7~) are included in Appendix C. Details and data 
reduced from tapes recorded during these tests are presented in Volume IV. 

2.5.19 RIDE ROUGHNESS ACCELERATION - ESC-R-2001-TT 

2.5.19.1 Objective 

To determine the most servere vibration levels encountered during car 
acceleration. 

2.5.19.2 Description 

The test was performed on Track Section I at vehicle test weights of AWO, 
AW2, and AW3. 
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2.5.19.3 Procedure 

The tests were performed in accordance with procedures described in 
AiResearch document 74-10441 in conformance with Test Set Number ESC-R-2001-TT 
of TSC General Vehicle Test Plan GSP-064. 

2.5.19.4 Results 

The cars successfully completed the ride roughness acceleration tests. A 
copy of the log for test runs 73, 78, and 79 are included in Appendix C. 
Details and data reduced from tapes recorded during these tests are presented 
in Volume IV. 

2.5.20 RIDE ROUGHNESS DECELERATION - ESC-R-3001-TT 

2.5.20.1 Objective 

To determine the most severe vibration levels encountered during car 
deceleration. 

2.5.20.2 Description 

The test was performed on Track Section I at test vehicle weights of 
AWO, AW2, and AW3. 

2.5.20.3 Procedure 

The tests were performed in accordance with procedures described in 
AiResearch document 74-10441 in conformance with Test Set Number ESC-R-3001-TT 
of TSC General Vehcile Test Plan GSp-064. 

2.5.20.4 Results 

The cars successfully completed the ride roughness deceleration tests. A 
copy of the log for test runs 73, 78, and 79 are included in Appendix C. 
Details and data reduced from tapes recorded during these tests are presented 
in Volume IV. 
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,. TEST RESULTS 

3.1 PERFORMANCE TESTS 

The performance goal for acceleration and deceleration (blended braking) 
was to match the performance of the standard R-32 cars. Baseline data taken 
prior to modification indicated a full service braking rate of 3.45 mph/sec 
and an acceleration of 2.7 mph/sec at AWO weight. The energy storage car 
demonstrated performance of 3.7 mph/sec and 3.0 mph/sec respectively for 
these single point conditions. General car performance characteristics for 
acceleration and deceleration rates are shown in Figures 3-1 and 3-2. The 
acceleration data shown is indicative of system operation without weight 
compensation of tractive effort. 

Deceleration rate for the AWO weight typically shows a high deceleration 
rate at the start of braking. This was caused by the jerk limit setting 
which permitted the friction brakes to apply before energization of the lock­
out magnet, which cuts out the friction brake system. In subsequent dynamic 
brake tests, this setting was corrected by reducing the jerk limit to closely 
coincide with the response time of the friction brake application. 

All of the dynamic brake tests show a sharp rise in deceleration as the 
car speed approaches zero. This is again caused by the lockout magnet 
deenergizing, thus cutting out dynamic braking and applying friction braking 
at approximately 4 mph. The energy storage cars were purposely configured 
in this manner to permit trainlining with the standard R-32 cars. 

Refer to Volume II for details concerning the performance tests. 

3.2 POWER CONSUMPTION TESTS 

The primary goal of the energy storage car is to reduce the power con­
sumption required for the conventional car. The overall results of the tests 
show that the advantages listed in Section 1 are attainable in practice, 
while still retaining the basic performance characteristics of the R-32 
vehicle. 

A typical 3000 foot run shown in Section 7 of Volume II, provides a means 
of comparison for the ESC and the unmodified R-32 (no unmodified R-32 test 
data was taken at Pueblo). 

Figure 3-3 shows selected parameters from test run 78 record 1317. A 
plot of the traction motor armature current, multiplied by 2 is superimposed 
on the 3rd rail input current. Although not an exact comparison it i.s 
closely representative of R-32 car versus ESC 3rd rail input current and 
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graphically shows the advantages referred to previously. Quantitatively the 
comparison is as follows for this 3000 foot run: 

ESC R-32 (Calculated) 

Peak line current 490 amps 1120 amps 

RMS line current 257 amps 421 amps 

Kw hrs/cm (approx) 4.7 6.9 

The implied energy saving is slightly in excess of 31 percent. The above 
¥alues are for AW3 weight and do not include any station stop time. 

A summary of the power consumption tests is shown in Figure 3-4. The 
curves shown here are faired-in averages of the clockwise and anticlockwise 
laps made for constant station stop distances. Actual test data for the AWO, 
2000 foot station stop runs was appreciably better than the faired curve; it 
averaged 3.7 kw hrs/cm as shown in the detailed results of Volume II. 

The relationship between flywheel speed and vehicle speed is shown in 
Figure 3-5 for a representative 3000 foot station-to-station run. This 
figure is a machine plot of the data shown in Figure 3-3. 

Refer to Volume II for details concerning the power consumption tests. 

3.3 RADIO FREQUENCY INTERFERENCE TESTS 

The interior and wayside electromagnetic interference was measured for 
the 0.15 to 400 MHz range and plots are shown in Volume II for the various 
conditions of propulsion equipment. The data shown in Figure 3-6 shows the 
maximum exterior emissions levels relative to ambient. 

The reference goals for SOAC (state-of-the-art car) are superimposed 
on Figure 3-6 as a matter of interest. It should be noted that SOAC did 
meet the requirement, however, the test location was at the far side of 
the track (in the southwest corner) where the background noise was at a 
much lower level. The ESC tests were carried out at a location near the 
north end of track Section I. 

Refer to Volume II for details concerning the radio frequency inter­
ference tests. 

3.4 EXTERIOR NOISE TESTS 

The wayside noise measured at platform level and 50 feet away from the 
side of the car indicates that the noise range is greater than the standard 
under-car rotating equipment. Summary plots of these data are shown in 
Figures 3-7 and 3-8. 
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The under-car equipment noise, with car not moving, shows very little 
increase in level at the platform. Microphone perspective may account for 
this since only one platform location was used. Direct propagation from 
equipment on the far side and the ends of the train is partially blocked. 

Moving vehicle data is shown at the center and left side of Figure 3-8. 
The momentary phenomena of brake squeal raching 95 dbA is the highest level. 
Generally the wheel rail noise at the platform is below 75 dbA except for fast 
moving cars. 

At the time that these tests were conducted, the car wheels contained 
number of flats which would have some effect on the db levels recorded. A 
bhart with the number and length of flats per wheel is shown in Figure 3-9. 

Refer to Volume III for details concerning the exterior noise tests. 

3.5 INTERIOR NOISE TESTS 

Equipment interior noise contribution is summarized in Figure 3-10. 
The flywheel is the largest input with a slightly higher level at the low 
speed end of its operating range. 

Noise levels in the moving train are shown in Figure 3-11 for different 
locations in the car at 40 mph. Higher levels toward the number two end are 
probably due to the adjacent car. 

Runs were made over the six different track sections at constant speed. 
The noise level summary for these runs is shown in Figure 3-12 along with 
the configuration of each rail section. 

The higher ambient noise levels for the interior tests is probably due 
to the proximity of the gas driven generator used to power the instrumentation 
equipment. 

Refer to Volume III for details concerning the interior noise tests. 

3.6 RIDE ROUGHNESS TESTS 

The induced dynamic shake and vibration levels for ride roughness evalua­
tion is presented for a wide range of conditions. The modification with the 
energy storage propulsion system was not expected to cause any significant 
changes from the standard R-32 car in these parameters and the test results 
did not uncover any unusual characteristics. The shake tests revealed that 
the first three car body bending modes (at AWO car weight) had natural fre­
quencies of 7, 10.5 and 14.5 Hz. The results of the shake tests are shown 
in Figures 3-13 through 3-15. 

Since there was no dominant worst speed condition the ride quality tests 
were run at a speed that could be controlled and maintained. Readings were 
taken at a carspeed of 35 mph, at two locations in the car for each track 
section as shown in the summary plots of Figures 3-16. 
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Subjectively, track Section III seemed to provide the roughest ride and 
this was probably due to the ballast condition at the time of the test. High 
speed locomotive tests were being run on the track at night during this period. 

Refer to Volume IV for details concerning the ride roughness tests. 
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APPENDIX A 

REPORT OF INVENTIONS APPENDIX 

The engineering tests conducted on the Energy Storage Cars utilized 
state-of-the-art testing technology and did not involve inventions or 
innovations. Development of the Energy Storage System being tested was 
carried out by Garrett AiResearch under a contract from the New York City 
Transit Authority. Inventions and innovations involved under that contract 
are not reported here. 
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APPENDIX B 

TEST SET SUMMARY SHEETS 

A GSP-064 Test Set summary sheet for each energy storage car test 
performed is provided here as a convenience for the reader. Each sheet 
covers the test objective, description, and status of a specific test. 
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TEST TITLE: ACCELERATION 

TEST SET NUMBER: ESC-P-2001-TT 
---------------------------------------

(Options 1 and 2) 

TEST OBJECTIVE: 

To determine the overall acceleration characteristics of the test vehicle 
as affected by controller input level, line voltage, car weight (load 
weighing, car direct, and train consist~ 

TEST DESCRIPTION: 

The test vehicle will be accelerated at the required controller command on 
level tangent track. ThE! fo~llowing (example) combinations will be tested: 

Procedure Option 

(4) 
(6) 
(5) 
(3) 
(7) 

STATUS: 

Prime Variable 

Controller level 
Lillie voltage 
Car' weights 
Car direction 
Tra.in consists 

Test Conditions 

Half and full power 
Min: 600: and max. volts 
AWO; AW2; AW3 
Forward and reverse 
Two car train 

The energy storage cars successfully completed the acceleration 
tests as prescribed by the conditions specified in paragraph 2.1.2. 
Refer to test log runs 49 and 55 presented in Volume I, Appendix C of 
this report. 
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TEST TITLE: DECELERATION-BLENDED BRAKING 

TEST SET NUMBER: ESC-P-3001-TT 
----------------------------------------

(Options 1 through 3) 

TEST OBJECTIVE: 

To determine the overall deceleration characteristics of the test vehicle 
utilizing the blended braking system as affected by controller input level, 
line voltage, car weight (load weighing), car direction, and train consist. 
Regeneration capability will be tested at varying line "load". 

TEST DESCRIPTION: 

The test vehicle will be decelerated at the required controller command on 
level tangent track. The following (example) test combinations will be tested: 

Procedure Option: 

(5) 
(6) 
(7) 
(8 ) 
(4) 

STATUS: 

Prime Variable 

Controller Level 
Car weights 
Line voltage 
Train consists 
Car direction 

Test Conditions 

Half and full brake 
AWO; AW2; AW3 
Min; 600; and max. volts 
Two car train 
Forward and reverse 

The energy storage cars successfully completed the blended braking 
deceleration tests as prescribed by the conditions specified in paragraph 3.1.2 
Refer to test log runs 55 and 16 presented in Volume I, AppendixC of this 
report. 

B-3 



TEST TITLE: DECELERATION - SERVICE FRICTION 

TEST SET NUMBER: ESC-P-3002-TT 
----------------------------------------

(Options 1 through 3) 

TEST OBJECTIVE: 

To determine the overall deceleration characteristics of the test vehicle 
utilizing the friction braking only system as affected by controller input 
level, car weight (load weighing), car direction, and train consist. 

TEST DESCRIPTION: 

The test vehicle will be decelerated at the required controller command on 
level tangent track. The following (example) test combinations will be tested: 

Procedure Option 

(5) 
(6) 
(7) 
(4) 

STATUS: 

P:rime Variable 

Controller level 
Car weights 
Train con.sists 
Car direction 

Test Conditions 

Half and full brake 
AWO; AW2; AW3 
Two car train 
Forward and reverse 

The energy storage cars successfully completed the service friction 
deceleration tests as prescribed by the conditions specified in paragraph 
4.1.2. Refer to test log runs 54, 55, 67 and 76 presented in Volume I, 
Appendix C of this reporto 
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TEST TITLE: TRACTION RESISTANCE (DRIFT) 

TEST SET NUMBER: Esc-p-4001-TT ----------------------------------------
(Option 1) 

TEST OBJECTIVE: 

To determine the traction (train) resistance of the test vehicle for use 
in the analysis of adhesion test data, to check the coefficients used to 
calculate the design performance of the vehicle, and as a baseline for 
analysis of the vehicle tractive and braking effort values. 

TEST DESCRIPTION: 

During the drift tests the test consists will be allowed to coast from 
an initial speed on level tangent track. Both propulsion and friction 
brake systems will be disabled to attain a true coast. The speed-time­
distance data will be the source of the final resistance values. 

Procedure Option Prime Variable Test Conditions 

Car weight AWO and AW2 

Train consist Two car train 

STATUS: 

The energy storage cars successfully completed the traction resistance 
tests as prescribed by the conditions specified in paragraph 5.1.2. Refer 
to test log runs 34, 71, 74 and 76 presented in Volume I, Appendix C of 
this report. 
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TEST TITLE: FRICTION BRAKE DUTY CYCLES 
---------------------------------------------

TEST SET NUMBER: ESP-P-5001-TT 
-------------------------------------

TEST OBJECTIVE: 

To determine the thermal capacity of the vehicle's friction braking system 
during a sample service run. The dynamic brake system will be inopera­
tive during the tests with the friction brake providing all of the 
decelerating force, as applicable. 

TEST DESCRIPTION: 

The test vehicle will be accelerated to a target cruise speed, cruise for 
a defined time, and brake to a simulated station stop. Following a 
defined station dwell the cycle will be repeated. 

Procedure Option Prime Variable 

Cruise speed and time 

Car weight 

Brake type 

Brake blending 

STATUS: 

Test Conditions 

35 mph for 45 sec. 
50 mph for 55 sec. 

AW2 (or AW3) 

Solid and resilient wheels 

Blended and frict. only 

The energy storage cars successfully completed the friction brake 
duty cycle tests as pre:9cribed by the conditions specified in paragraph 
6.1.2. Refer to test log runs 77 and 81 presented in Volume I, Appendix 
C of this report. 
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TEST TITLE: POWER CONSUMPTION 

TEST SET NUMBER: ESC-PC-5011-TT 

TEST OBJECTIVE: 

To determine the power consumption of the test vehicle while operating on 
a sample service route at a defined level of schedule performance. The 
tests will provide a measure of car schedule performance, power consumption 
and overall traction system efficiency. 

TEST DESCRIPTION: 

The car(s) will be operated over a simulated route with stops at specified 
stations. Normal service performance will be used. Power consumed by the 
traction and auxiliaries will be measured for each stop and the round-trip 

Procedure Options 

(1) 
(2) 
(3) 

STATUS: 

Examples of test conditions 

Prime Variable 

Car weight 
Line voltage 
Train consists 

Test Conditions 

AW2 
Min; 600; max. volts 
Two car train 

The energy storage cars successfully completed the p~wer consumption 
tests as prescribed by the conditions specified in paragraph 7.1.2. Refer 
to test log runs 35 through 48 presented in Volume I, Appendix C of this 
report. 
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TEST TITLE: RADIO FREQUENCY INTERFERENCE 

TEST SET NUMBER: ESC-PSI-6001-TT 

TEST OBJECTIVE: 

To determine levels of broadband radiated electromagnetic emission from 
the test vehicle to the wayside. 

TEST DESCRIPTION: 

This test to be performed with test vehicle passing by a wayside station 
under each of the following conditions: 

(a) Acceleration above and below base speed 
(b) Constant speed 
(c) Braking 

STATUS: 

The energy storage cars successfully completed the radio frequency 
interference tests as prescribed by the conditions specified in paragraph 
8.1.2. Refer to test log runs 80 through 82 presented in Volume I, 
Appendix C of this report. 
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TEST TITLE: EQUIPMENT NOISE SURVEY - WAYSIDE 

TEST SET NUMBER: ESC-CN-0001-TT 

TEST OBJECTIVE: 

To determine the contribution of equipment noise to total test vehicle 
signature. 

TEST DESCRIPTION: 

This test will be performed at a boarding platform area. 

STATUS: 

The energy storage cars successfully completed the equipment noise 
tests as prescribed by the conditions specified in paragraph 2.1.2. 
Refer to test log runs 51 through 54 presented in Volume I, Appendix C 
of this report. 
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TEST TITLE: EFFECT OF CAR SPEED - WAYSIDE 

TEST SET NUMBER: ESC-CN-1001-TT 
--------------------------------------

TEST OBJECTIVE: 

Determine Wayside noise levels during vehicle passbys during constant 
speed conditions. 

TEST DESCRIPTION: 

This test will be performed at a wayside station 50 feet from the track 
for the following conditions: 

(a) Vehicle weights of AWO and AW3 
(b) Single car and Multiple Units 
(c) Five selected speeds 

STATUS: 

The energy storage cars successfully completed the exterior car speed 
tests as prescribed by the conditions specified in paragraph 3.1.2. Refer 
to test log runs 51 through 54 presented in Volume I, Appendix C of this 
report. 
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TEST TITLE: EFFECT OF CAR SPEED - ON CAR 

TEST SET NUMBER: ESC-PN-1001-TT 

TEST OBJECTIVE: 

To determine noise levels inside the test vehicle while operating at 
various speeds. 

TEST DESCRIPTION: 

This test will be performed at the following conditions: 

(a) Vehicle weights of AWO and AW3 
(b) Four car interior locations 
(c) Five car speeds 

STATUS: 

The energy storage cars successfully completed the interior car speed 
tests as prescribed by the conditions specified in paragraph 4.1.2. Refer 
to test log run 72 presented in Volume I, Appendix C of this report. 
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TEST TITLE: EFFECT OF TRACK SECTION - ON CAR 

TEST SET NUMBER: ESC-PN-1101-TT 

TEST OBJECTIVE: 

To determine the effect of track construction on interior noise levels. 

TEST DESCRIPTION: 

This test will be performed at one vehicle weight (AWO) and one speed 
on all sections of the UMTA test track. 

STATUS: 

The energy storage I~ars successfully completed the track section 
tests as prescribed by the conditions specified in paragraph 5.1.2. 
Refer to test log run 72 presented in Volume I, Appendix C of this 
report. 
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TEST TITLE: INTERIOR NOISE SURVEY 

TEST SET NUMBER: ESC-PN-1301-TT 

TEST OBJECTIVE: 

To determine the noise characteristics of the test vehicle by a survey 
of various passenger locations. 

TEST DESCRIPTION: 

This test will be performed at one vehicle weight (AWO) while operating 
at a constant speed. 

STATUS: 

The energy storage cars successfully completed the interior noise 
tests as prescribed by the conditions specified in paragraph 6.1.2. 
Refer to test log runs 50, 71 and 72 presented in Volume I, Appendix C 
of this report. 
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TEST TITLE: ACCELERATION EFFECT - ON CAR 

TEST SIET NUMBER: ESC-PN-2001-TT. --------------------------------------

TEST OBJECTIVE: 

To determine noise levels inside the test vehicle while accelerating. 

TEST DESCRIPTION: 

This test will be performed at selected interior test points for vehicle 
weights of AWO and AW3. 

STATUS: 

The energy storage cars successfully completed the acceleration effect 
tests as prescribed by the conditions specified in paragraph 7.1.2. Refer to 
test log runs 53, 67 and 72 presented in Volume I, Appendix C of this report. 
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TEST TITLE: DECELERATION EFFECT - ON CAR 

TEST SET NUMBE R: ESC-PN- 3001-TT 

TEST OBJECTIVE: 

To determine noise levels inside the test vehicle while decelerating. 

TEST DESCRIPTION: 

This test will be performed at the following conditions: 

(a) For selected interior test points 
(b) For various braking configurations (depends upon modes available 

on test vehicle). The basic configuration will be the normal 
service system. 

(c) Vehicle weights of AWO and AW3. 

STATUS: 

The energy storage cars successfully completed the deceleration 
effect tests as prescribed by the conditions specified in paragraph 8.1.2. 
Refer to test log runs 53, 67 and 72 presented in Volume I, Appendix C 
of this report. 
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TEST TITLE: DYNAMIC SHAKE TEST - VERTICAL 

TEST SET NUMBE R: ESC-R-OOO 1-XX ----------------------------------------

TEST OBJECTIVE: 

To determine the vehicle vertical natural modes and frequencies. 

TEST DESCRIPTION: 

This test will include performing frequency sweeps of the vehicle by 
using a shaker to provide excitation forces. These sweeps will be 
generated for selected loeations of the vehicle to determine the natural 
frequencies. At these natural frequencies detailed probes of the vehicle 
are necessary to determine the associated mode shapes. The test will 
be performed at vehicle weights of AWO, AW2 and AW3. 

STATUS: 

The energy storage cars successfully completed the vertical shake 
tests as prescribed by thle conditions specified in paragraph 2.1.2. 
Refer to test log runs 83 through 86 presented in Volume I, Appendix C 
of this report. 
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TEST TITLE: DYNAMIC SHAKE TEST - LATERAL 
------------------------------~----------

TEST SET NUMBER: ESC-R-0002-XX 
----------------------------------------

TEST OBJECTIVE: 

To determine the vehicle lateral natural modes and frequencies. 

TEST DESCRIPTION: 

This test will include performing frequency sweeps of the vehicle by 
using a shaker to provide excitation forces. These sweeps will be 
generated for selected locations of the vehicle to determine the natural 
frequencies. At these natural frequencies detail probes of the vehicle 
are necessary to determine the associated mode shapes. The test will 
be performed at vehicle weights of AWO, AW2 and AW3. 

STATUS: 

The lateral shake tests could not be performed due to the lack of 
a mounting fixture. Refer to test log run 83 (Volume I, Appendix C). 
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TEST TITLE: DYNAMIC SHAKE TEST - LONGITUDINAL 

TEST SET NUMBER: ESC-R-0003-XX ----------------------------------------

TEST OBJECTIVE: 

To determine the vehicle longitudinal natural modes and freuqencies. 

TEST DESCRIPTION; 

This test will include performing frequency sweeps of the vehicle by using 
a shaker to provide excitation forces. These sweeps will be generated for 
selected locations of the vehicle to determine the natural frequencies. 
At these natural frequencies detailed probes of the vehicle are necessary 
to determine the associated mode shapes. The test will be performed 
at vehicle weights of AWO, AW2 and AW3. 

STATUS: 

No test data or results could be obtained for the longitudinal 
shake tests because the output of the shaker was not able to produce 
a measurable effect on the car body. Refer to test log runs 83 
through 86 (Volume I, Appendix C). 
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TEST TITLE: COMPONENT INDUCED VIBRATION 

TEST SET NUMBER: ESC-R-0010-TT 
---------------------------------------

TEST OBJECTIVE: 

To determine the vibration levels of the test vehicle components while 
stationary on the UMTA Test Track. 

TEST DESCRIPTION: 

This test will be performed on a stationary car at a known level section 
of track. 

STATUS: 

The energy storage cars successfully completed the component induced 
vibration tests as prescribed by the conditions specified in paragraph 
5.1.2. Refer to test log run 73 presented in Volume I, Appendix C of 
this report. 
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TEST TITLE: RIDE ROUGHNESS - WORST SPEEDS 

TEST SET NUMBE R: ESC-R-11 0 1-TT 
--~-----------------------------------

TEST OBJECTIVE: 

To determine worst steady vibration levels of the test vehicle on the 
UMTA test track. 

TEST DESCRIPTION: 

The following configurat:Lons will be tested: 

(a) Vehicle weights of AWO, AW2, AW3. 
(b) All track sections including grade crossings and switches 

as required to simulate revenue service. 
(c) Select discretE~ vehicle speeds simulating revenue service 

and include V (max). 
(d) Select other speeds as required to identify known or suspected 

acute vibration levels associated with carbody characteristics. 

STATUS: 

The energy storage cars successfully completed the worst speeds 
tests as prescribed by the conditions specified in paragraph 6.1.2. 
Refer to test log runs 73 through 75 presented in Volume I, Appendix 
C of this report. 
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TEST TITLE: RIDE ROUGHNESS - ACCELERATION 

TEST SET NUMBER: ESC-R-2001-TT ----------------------------------------

TEST OBJECTIVE: 

To determine the most severe vibration levels encountered during car 
acceleration 

TEST DESCRIPTION: 

This test is to be performed on track section I at vehicle weights of 
AWO, AW2 and AW3 

STATUS: 

The energy storage cars successfully completed the acceleration 
tests as prescribed by the conditions specified in paragraph 7.1.2 
Refer to test log runs 73, 78 and 79 presented in Volume I, Appendix 
C of this report. 
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TEST TITLE: RIDE ROUGHNESS - DECELERATION 

TEST SET NUMBER: ESC-R-3001-TT 
----------------------------------------

TEST OBJECTIVE: 

To determine the most seVE~re vibration levels encountered during car 
deceleration. 

TEST DESCRIPTION: 

This test to be performed on track section I at vehicle weights of AWO, 
AW2, AW3 

STATUS: 

The energy storage cars successfully completed the deceleration 
tests as prescribed by the conditions specified in paragraph 8.1.2. 
Refer to test log runs 73~ 78 and 79 presented in Volume I, Appendix C 
of this report. 
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APPENDIX C 

TEST RUN LOG SHEETS 

Log sheets for the energy storage car test runs are presented in numerical 
order and provide a brief description of the tests, conditions and results 
of the performance evaluation tests. 
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ESC TEST RUN NO~ • .-;3;;..;;;2~_ DATE 5-14-74 

RUN TIME: START 2:00 WEATHER CONDITION: WIND VEL ____ _ 

STOP 5:00 

MILES RECORDED 20, 3700 Fwd and Rev 
20, R-42, Fwd and Rev 

TEST PERSONNEL: 

DI RECTION ___ _ 

AMBIENT AIR 
TEMP ERATURE ___ _ 

T ES T CO NTRO L L ER. __ .....;R~.~B;..:::e;.;;jg..:..i .:.e.:..,.r ______ _ 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGINEER G. Seons 

VEHICLE OPERATOR Smith z Tate z Leaston z Beemler 

INSTRUMENTATION Sessions 

REAR MONITOR As reg'd 

GROUND CONTROLLER As reg'd 

ADDITIONAL PERSONNEL Lewi s 2 De Dee 

TEST PROGRAM SPECIFICATION NO. 73-9373 
~------------------------------------------

TEST PROC EDU RE NO. ___ ~4.:.:3~ ____________ ~ _________ _ 

TEST TITLE. ____ ~Pe~rf~o~r~m~a~n~c~€!;_v~e~r~i~f~i~c~a~t..:..i.:.o~n_-~R~-_4~2~T~r~a~in..:..l~i~n~e~ ________________ __ 

VEHICLE CONFIGURATION 2 cars - emety wt. 

TEST DESCRIPTION, __ ~F=un~c~t~i~~o~n~a~l~c~he~c~k~o~u~t~o~f~E~SC~a~n~d~~R~-~4~2_c~a~r~s~i~n~t~ra~in~1~i~n~e~. __ __ 

Record coupler displacement, accels z decel and drive from both end cabs. 

COMMENTS Successfully dE!monstrated all trainl ine operations in THB. Moved 4-

car train to track - Successfully completed cond run in ccw dir driving from 

3700. Ran through level tangent in Fwd (ccw) and Rev (cw) dir and recorded 

steady speed coupler displacement. Drawing ~ 100 A more cyrrent above base 

speed on accel then drope; to 200-300 steady state. No adverse personal reactions 

experienced bet R-32 and R-42 dyring accel. All running operations seemed 
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ESC TEST RUN NO. 32 (continued) 

satisfactory bet both sets of cars. Braking effort seemed smooth. 

Driving from 3700, ccw, Fwd:+.56 (3700 pulling) 

" " " , cw, Rev: +.32 (3700 pushing) 

Performed decel test at 48 mph, F.S. Brake 

Performed accel test in Fwd dir (ccw) 

Performed Accel Test in rev Dir (cw) 

Changed drive cabs from ESC to R-42 and repeated. 

F. S. Dece 1 

ccw, Rev Acce 1 

cw, Fwd Accel 

Ran start-stop cycle every 3000' for 1 lap, driving from R-42 car. 

Trainline compatibility looks good. No problems experienced during test. 

Ran 4 car TIL from both cabs, both direction. 

Successfully demonstrated running through rail gaps (45') w/o any difficulty. 

4-car TIL test is considered complete. 

Disconnected R-42 to set up for R-32 tests in a.m. 
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ESC TEST RUN NO. 33 DATE __ 5_-_'_5_-_74_ 

RUN TIME: START 9: 15 WEATHER CONDITION: WIND VEL 0 

STOP 2:00 DI RECTION 0 

MILES RECORDED 42 AMBIENT AIR 
TEMPERATURE 

TEST PERSONNEL: 

TEST CONTROLLER R. Begier 

CHIEF TEST ENGINEER G. McClure 

SAF ETY ENG I N EER, __ --.;.G_. _S ..... p_o_n ______ _ 

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler 

INS TRUM ENTATI 0 N __ S_e_s;.,.;s;..,;.i;..,;.o..;.,;n...;;..s _______ _ 

REAR MONITOR As Req'd 
GRO UND CO NTRO L LE R __ A_s_R_e_q'-'_d _______ _ 

ADDITIONAL PERSONNEL Lewis, Nickel, Smits 

TEST PROGRAM SPECIFICATION NO. 73-9373 
~--------------------------

TEST PROCEDURE NO. 4.3 -----,---------------------------------
TEST TITLE Performance Verification - Accel, Decel 

VEHICLE CONFIGURATION 2 cars - Empty Wt. 

TEST DESCRIPTION Perform Accels and Decels per Test Plan. Give demo ride to 
Under Secretary of DOT, John V. Barnum. Reel 2. 

COMMENTS Successfully completed accel and decel tests per test plan. Began 

to set instr'n up for drift test. Gave demo tour ride at 1:30 p.m. 
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ESC TEST RUN NO. 34 DATE 5-16-74 

RUN TIME: STAR T_--.:.9....:.: .::..30~ WEATHER CONDITION: WIND VEL 0 MPH 

STOP 4:30 DIRECTION ___ _ 

MILES RECORDED __ 4_0 ___ _ AMBIENT AIR 
TEMPERATURE ___ _ 

TEST PERSONNEL: 

TES T CONTRO L LER._..--...;R....;.:.;.....:;;B..:;;e,oLg.;...i e::..;r:......... ______ _ 

CHIEF TEST ENGINEER. __ ~G~.~M~c~C~l~u~r~e __________ _ 

SAFETY ENGINEER G. Spons 

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler 

INSTRUMENTATION ___ ~S~e~s~s~io~n~s~ __________ ___ 

REAR MO N I TO R. ___ A....:...s=--.;.r....:...e...J9....:...' ....:...d ___________ _ 

GROUND CONTROLLER. ___ A....:...s~r....:...e~9~'....:...d __________ _ 

ADDITIONAL PERSONNEL Lewis, Nickel, Smits 

TEST PROGRAM SPECIFICATION NO.:.. ___ 73_-_9_3_7_3 ______________ _ 

TEST PROCEDURE NO. 4.3 ESC-P-4001- TT 

TEST TITLE Performance verIfIcatIon - Drift, railgap and modes tests 

VEHICLE CONFIGURATION 2 cars - empty wt. 

TEST DESCRIPTION Perform drift test, railgap and dead rail test and mode 

change test per test plan. Reel 3. 

COMMENTS Ran 2 sets of drift test due to longitudinal vib pickup cable de-

fective - ran 1 set and then switched cables for 2nd set. Completed drift 

test. Ran Accel (max) Fwd and Rev driving from 3701. 2.53 mphps both dire 

Successfully completed drift test, railgap and dead rail and mode change test 

per test plan. No problems experienced throughout day. 
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ESC TEST RUN NO. 35 DATE 5-17-74 

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL ____ _ 

STOP 4:00 DIRECTION. ___ _ 

MILES RECORDED 20 AMBIENT AIR 
TEMP ERA TURE ___ _ 

TEST PERSONNEL: 

T ES T CONTRO L LER __ --:..R=.--",OB.;;;.eq ..... ";;...;1 e~r _______ _ 

CHI EF TES T ENG I N E ER. __ G ._M_c_C_1_u_re ______ _ 

SAFETY ENGINEER. ___ G_. _S-'-p_o_n_s ______ _ 

VEHICLE OPERATOR Smith, Tate, Leaston, Beem1er 

INSTRUMENTATION Sessions ----------------
REAR MONITOR_ As req'd 

GROUND CO NTRO L LE R~A...;.s;;;......;r_:;e_..g ..... ' ..;.,d ________ _ 

ADDITIONAL PERSONNEL Lewi s, Smi ts, LaFranchi, 

Ca rro 11 

TEST PRO GRAM SPEC I FI CATION NO.:..... _-.;.7..::.3_-9;,...;3=-:7...::3_---=G:.::.S.:...P-....;0:..:6~4:...._ _________ _ 

TEST PROC EDURE NO. 4 .. 3 ESC- PC- 5011- TT 

TEST TITLE Performance Verification - Power consumption test 
VEHICLE CONFIGURATION 2 ca.~r~s __ -~e=m=p~t~y_w~t. _____________________ _ 

TEST DESCRIPTION Run power consumption test per test plan - See Attachments. 

COMMENTS On first brake initiation while driving from 3701, experienced TIL 
QSD on 3701 only. Experienced same in Rev dir .. Switched driver's cab to 3700 -

experienced same TIL QSD on 3700 but not 3701. Began investigating master con­

troller for proper operation. Moved cars into barn to continue investigation 

on Saturday .. 
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ESC TEST RUN NO. 36 DATE 5-20-74 

RUN TIME: START 12:30 WEATHER CONDITION: WIND VEL. ____ _ 

STOP 4:00 DIRECTION ___ _ 

MILES RECORDED 30 AMBIENT AIR 
TEMPERATURE. __ _ 

TEST PERSONNEL: 

TES T CONTRO L LER._.....;R_ • .....;B;,...;e~g"-i....;:,e.;...r _______ _ 

CHIEF TEST ENGINEER G. McClure "-----------------
SAFETY ENGINEER G. Spons 

"--~--~-------------
VEHICLE OPERATOR Smith, Tate, Leaston, Beemler 

INSTRUMENTATION Jenkins 
'-~~~----------------

REAR MONITOR As requ ired 

GROUND CONTRO LLER • ...;,A..:..:s:......:...re=...;9:J.,;:u:..,:.i..:..,r e.:;.,d~ ______ _ 

ADDITIONAL PERSONNEL.--=..L.::;.ew~is~ _______ _ 

TEST PRO GRAM SP EC I F I CAT I ON NO.:.. -4.73L--...... 9:...&3 .... 73.t.-_GS_P_-_0_6_4 ____________ __ 

TEST PROCEDURE NO. 4.3 ESC-PC-5011-TT 

TEST TITLE Performance Ver if icat ion-power ConSllmpt ion Test 

VEHICLE CONFIGURATION_~2~C~a~r~5-~F~m~p~t~y~Wut~ ____ ~ __ ~ _____________ _ 

TEST DESCRIPTION Perform power consumption test per test plan; reel 4. 

COMMENTS Initiated power consumption test per test plan. Completed R"n 

Nos. 1 and 2. 3 to 1 OSD on current swapping. Shut down to investigate 

Found F/W PDR volt trap had arced and under rated SCR's were damaged. 

Replaced SCR's with larger type as in Tim PDR's. 
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EST TEST RUN NO. ~ (Continu~d) 

MONDAY A.M: 

Found cause of Fridays QSD problem - under rated zener (1 watt) 
in LOM snubber network went out and caused short-to-gnd upon 
initial brake initiation. 

Replace with temporary 1-watt zener. Will use 10 watt zeners 
when we receive them. 
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ESC TEST RUN NO. 37 DATE 5-21-74 

RUN TIME: START 10;00 

STOP 4:00 

WEATHER CONDITION: WIND VEL. ____ _ 

MILES RECORDED _____ _ 

TEST PERSONNEL: 

01 R EC TI 0 N--.u.W¥.lSWI!--__ 

AMBIENT AIR 
TEMPERATURE. __ _ 

TES T CONTRO L LER._...:..:R:..;.. _B;.;e::;..;q~i~e:..:..r _______ _ 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGINEER._....;:.G,;." • ....:S;;.cp;...;:;o~n.::..s _______ _ 

VEHICLE OPERATOR Smith, Tate, Leaston. Beemler 

INSTRUMENTATION,_~J~e~n~k~in~s~ ____________ ___ 

REAR MONITOR As requ ired 

GROUND CO NTROLLE R._.;..;A..;;..s_r;..,.e;,..;q;L;.u;.....i..;..r..;;..ed~ _____ _ 

ADDITIONAL PERSONNEL Lewis, Nickel, Raskin 

TEST PROGRAM SPECIFICATION NO.!.." ~73~-..::9~3~73::..-..;G:.:S;,;..P_-.::..06::...4~ ___________ _ 

TEST PROCEDURE NO. 4.3 ESC-PC-5011-TT 

TEST TITLE Perform verification-power cons test 
VEHICLE CONFIGURATION_~2~ca~r~s~-~em~p~ty~w~t~. _____________________________ __ 

TEST DESCRIPTION 
reels 5 and 6. 

Continuation of power consumption test per test plan; ___ 

COMMENTS Successfully completed cond run. Driving from 3701 in cw direction 

commenced Run No.3. Must record power draw from 1 ights. etc. to correct 

data for completed Runs 1, 2 and 3 in ccw direction. Experienced TMS on 

3701 not opening during brake. Went to TMB to investigate. could not re-

produce on simulated. Shorted out on 208 board. Resume testing in A.M. 
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ESC TEST RUN NO. 38 DATE 5-22-74 

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL. ____ _ 

STOP 5 :00 01 RECTION ___ _ 

MILES RECORDED 25 AMBIENT AIR 
TEMPERATURE. __ _ 

TEST PERSONNEL: 

TEST CONTROLLER._~R~ • .....:B::..;:e::..;:gl...:.i...:e~r _______ _ 

CHIEF TEST ENGINEER G. McClure 

SAF ETY ENGI N EER._-=G..:.. • ....;S;J;p~o;.;.:n.::;.s _______ _ 

VEHICLE OPERATOR Smith, Tate. Leaston, Beemler 

INSTRUMENTATION,_~J~e~nk~i~n~s __________ _ 

REAR MONITOR As required 

GRO UNO CO NTRO LL ER._A_s_r e~q;&.-u_i...;.,.r..;;..ed~ _____ _ 

ADDITIONAL PERSONNEL Lewis ._------------

TEST PROGRAM SPECIFICATION NO.:.... _7:...:3;...-...;...9::;.,;37:...:3~GS:;..;..P_-..:;.06,;..4~ __________ _ 

TEST PROCEDURE NO. 4.3 ESC-PC-5011,;,TT 

TEST TI TLE._.....;..Pe,;..r....;f...;.o...;..r;.;.;.ma;;,;.;n.;.;;c;..;;e;.......;..Ve,;..r....;i;..;.f....;.i..;;.ca;;..t~i;..;;o..;.;n....;-P;...;o~w.;.;:e;.:..r_C~o~n.:.;;s..;.u~mp!;,..;t;;...;i;...;;o...:..;.n_T.;...;e::..;:s;..;;t ______ _ 

VEHICLE CONFIGURATION :~ cars-empty wt. 

TEST DESCRI PTION Cont i nuat ion of Power Cons umpt ion Tes t per tes t plan; __ 

ree 1 s 6 an d 7. 

COMMENTS TMS operating properly on 3701 with CR13 jumper in. Noticed that 

during P.S. test, when d,"iving from 3701 cw (fwd notch) and 3700 ccw (fwd 

notch) the following occurred: 

cw 3701-fwd ccw 3700-fwd 

Run 2 80.7 Kwh/Lap 69 

Run 3 85.1 Kwh/Lap 56 
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ECS TEST RUN NO. ~ (Continued) 

ccw cw 
Switched to driving from 3700 - fwd Rev 

Run 2 

Run 3 

60 Kwh/Lap 

65.4 Kwh/Lap 

Will run P.C. test from 3700 in both directions. 

4:30 P.M: Smoke coming from outside of car - investigation revealed 

No.2 F/W on 3700 was source. F/W alternator stator showed 

signs of burned windings. Moved cars to TMB. Further 

investigation showed flashed over volt trap in F/W PDR. 

Stator must be replaced and 800 V PDR SCR's replaced with 1200V 

SCR's. This was the only PDR assembly that was not updated 

with the higher rated SCR's due to their unavailabil ity. 
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RUN TIME: START 9: 05 

STOP 5: 15 

ESC TEST RUN NO. 39 DATE 5-29-74 

WEATHER CONDITION: WIND VEL. ____ _ 

01 RECTION, ___ _ 

MILES RECORDED 91 AMBIENT AIR 
1,1,1,1,1,1,,1,1,1,1 TEMPERATURE __ _ 

TEST PERSONNEL: 

TES T CONTRO L LER._-.:.:.R:.,.. -=B~e::..;:Jgi..:.i.::.e:-r _______ _ 

CHIEF TEST ENGINEER G. McClure 

SAF ETY ENG IN EE R._.....:G:::..:.:..-=S..t:.p.::;on:.:.:s~ ______ _ 

VEHICLE OPERATOR Smith. Tate. Leaston, Beemler 

INSTRUMENTATION Jenkins 

REAR MONITOR. As regu ired 

GRO UNO CO NTRO L L E R._:...:.A~s ....;r:...:e:::.::gL::u:..;.i .:..re:::.;d::.-_____ _ 

ADDITIONAL PERSONNEL._.:.L:::.;ew:.:..;i:..::::s~ ______ _ 

TEST PRO GRAM SPEC I FICA TI ON NO.:... ~7~3:....-.::..9~3 7~3~GI.¥.S.L.P-....:01Q6"-J4 ___________ _ 

TEST PROCEDURE NO. 4.3 ESC-PC-5011-TT 

TEST TITLE Performance Ver if icat ion-Power Consumpt i on Test 

VEHICLE CONFIGURATION 2~-ca rs -empty wt. 

TEST DESCRIPTION Perform Power Consumption Test per Test Plan; reels 8 
and 9. 

COMMENTS Completed condo Run. Re-ran Run No.3 in ccw direction (Start = 9:40 

stop = ). Chopper inductor running at 900 F - New indyctor. Scrubbed run -

Track was sprayed for weeds and substance on track made it too sl ippery -

Wheels 51 ide. Entered Run No. 4-ccw and completed same. Ran No.4 in ccw dire 

(Start = 12:35. Stop ). Completed Ryn No.4. Began Run No.5. Com-

pleted Run 5. 
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ECS TEST RUN NO. ~ (Continued) 

Completed Run No.6 

Run 7 - 58.8 (20) ccw 

ccw 

cw 

cw 

Upon second lap of Run 7, noticed instabil ity in TIM currents 

No.2 truck drawing BOOA, No.1 truck drawing zero to - 300A. 

Shut down and went to TMB to investigate. 
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ESC TEST RUN NO. 40 DATE 6-17-74 

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL. ____ _ 

STOP 6:00 DI RECTION. ___ _ 

MILES RECORDED 50 AMBIENT AIR 
1 , 1 , 1 , 1 , 1 TEMPERATURE __ _ 

TEST PERSONNEL: 

TES T CONTRO l. LER_--..:.:.R.:... -!B:.:e:::.:;gL..:.i~e~r _______ _ 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGINEER._~G.:... -,;S:;.J:p:...;o;.:.:n~s _______ _ 

VEHICLE OPERATOR Sm ith, Tate, Leaston. Beeml er 

INSTRUMENTATION Jenkins. Barnes 

REAR MONITOR As regu ired 

GRO UND CO NTRO LLER,--!:..:A~s-.!..re:::!g:a..::u::...!i..!..r~e:.::..d ______ _ 

ADDITIONAL PERSONNEL Lewis, Ebonbach 

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064 
~-----------------------------------------

TEST PROC EDURE NO. 4.3 ESC- PC- 5011- TT 

TEST TITLE Performance Ver if icat ion-Power Consumpt ion Test 

VEHICLE CONFIGURATION 2 cars-empty wt . 
. --.------~~---------------------------------

TES T DES C RI PTI 0 N, ___ P_e_r f_o_r_IT._l _P_ow_e_r __ C_o_n_s_um-.!p_t_·_1 o_n_T...;"es_t--..:.p....;e __ r ___ T...;;.es;;.,.t~P....;.l....;;.;a....;n_a.;;;,;n..;.,d;;;......!;.p".;;e..;.,r..;.,.f o...;;.·:...:.rm~ 

Strain Gauge test per test plan; reel 9. 

COMMENTS,.--__ S_uc_c_e_s_s_f_u_l_ly~c_o._m~p_l_et_e_d __ c_o_n_d_it __ io_n_i_n~g __ ru_n_. __ C_om_m_e_n_c_e_d __ st_r_e~s_s __ l_ev_e_l_ 

evaluation tests. Completed Steps A, B, C, D, and E in level tangent. Re­

peated steps B, C, and D in minimum curved radius track section (STA 180-300, 
Rad = (030): 

Para Sta Start Sta Stop 

B 300 290 (Lost sig #5) 

C 300 265 
D 300 280 
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ESC TEST RUN NO.~ (Continued) 

Completed step 'f I in following manner: 

Spotcheck 

Entered Sta 300 at 35 mph and drove thru radius section 

at 45 mph from Sta 300-180 in ccw dir. 

of 3000 ' P,C. Run at 45: 

Kwh/Lap Kwh/M i 1 e/car 

76,8 4.2 

2000 ' P.C. Run @ 40: 

Over 90 - run cal led due to wet track conditions. 
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ESC TEST RUN NO. 41 DATE 6-18-74 

RUN TIME: START 09 :0.0 __ WEATHER CONDITION: WIND VEL ____ _ 

STOP 12:00 DIRECTION ___ _ 

MILES RECORDED __ O __ _ AMBIENT AIR 
TEMPERATURE ___ _ 

TEST PERSONNEL: 

T ES T CONTRO L LER._..;;.D..;.., • ...;B;;..;e;:;.o9 ..... i...;;:e;.;..r _______ _ 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGI NEER. ___ G.;;.;.~S"'"'p..;;.o.:..:.;ns ________ _ 

VEHICLE OPERATOR Smith. Tate. Leaston. Beemler 

INSTRUMENTATION Barnes -----------------
REAR MONITOR As regu ired 

GROUND CONTRO LLER. __ A_s _r_e_9 .... u_i_r_ed _______ _ 

ADDITIONAL PERSONNEL Lewis, McCormick 

TEST PROGRAM SPECIFICATION NO. 73-9373 GSP-064 
~~~~-~-~--------------------

TEST PROC EDURE NO. __ 4_ • ..;;,3._E_S_C_-_PC_-_5_0_1_1-_T_T ______________ _ 

TEST TITLE Performance Verification-Power Consumption Test 

VEHICLE CONFIGURATION 2_C~a~r~s_-..;;.em~p~t~y~w~t~. _________________ _ 

TEST DESCRIPTION Continue Power Consumption Test per Test Plan; reel 9. __ 

COMMENTS ___ S~p...;e~n~t_A~.M_. ___ C,~a..;...l..;...ib~._i~n~st~r~u~c~t_i..;...o~ns~. _________________ __ 
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RUN TIME: START 9:00 

STOP 6:00 

ESC TEST RUN NO. 42 DATE 6-19-74 

WEATHER CONDITION: WIND VEL.--J,jOt--__ _ 

DIRECTION. ___ _ 

MILES RECORDED 128 AMBIENT AIR 
TEMPERATURE 85-100 

-------1,1,1,1,1,1,1,1,1,1,1,1,1,1 

TEST PERSONNEL: 

TEST CONTROLLER W. I. Thomas 

CHI EF TES T ENG IN E E R._~G-=-. -lM~c~Cwl~u..L.r.lo::.e _____ _ 

SAFETY ENGINEER. __ ~G~.~S~p~o~n~s ____________ __ 

VEHICLE OPERATOR Smith. Tate. Leaston, Beem]er 
INSTRUMENTATION, __ ~B~a~r~ne~s~ ________________ __ 

REAR MONITOR As required 

GROUND CONTROLLER As required 

ADDITIONAL PERSONNEL Lewis, McCarty 

TEST PRO GRAM SP EC I F I CATION NO,:,.. --!..:73::;..,-..:::::9.::..3~73~G~sw..P_-~06~4!--___________ _ 

TEST PROCEDURE NO. 4.3 ESC-PC-5011- TT 

TEST TITLE Performance Verification-Power Consymption Test 
VEHICLE CONFIGURATION, __ -:2~C~a~r~s~-~em~pt~y~wut~. ________________________ ___ 

TEST DESCRIPTION Test to be performed per Test PI an; ree Is 9 and 11. ___ _ 

COMMENTS Ran chopper indo temp test - 0 to 80~ in 10$ increments Completed 
condo run. Commenced 2nd lap of Run #7, ccw dir. Successfully completed 

Run #7. Run #8 = Accel to 45 & Brake to 15, Accel to 30 & brake to 15, 

Accel to 45 ... Stop every 5000'. Successfully completed Run No.8. Began 

Run 9. Successfully completed Run No.9. 
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ESC TEST RUN NO . .-iL (Cont i nued) 

Experienced TMS on 3701 not opening upon braking infrequently 

Wi Il invest igate tomorrow in Barn in A.M. 

Began Run No. 10. 3701 QSD with Aux. gen 1 ite - possible loss 

of SCR in PDR. Will Move to TMB to investigate. Scrub initial 

Run No. 10. 

Need f rom Tor r: 

- Spare SCR's 

2 - Spare volt traps 

3 - PDR insulating stand - offs 
for 51 ohm resistors 

4 - Qty = 4 - 510 resistors for PDR. 

Investigation revealed that 3701 TIM and F/W PDR's were in good condition 

and not the source of problem. Simulator checkout showed problem to be in 

ECU. Intermittent occurrance in ECU on simulator - Looking at CARD #209. 

Prep cars for test continuation and 3701 ECU investigation. 
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ESC TEST RUN NO ...... ,--..43",-_ DATE 6-20-74 

RUN TIME: START 3:20 

STOP 5:30 

WEATHER CONDITION: WIND VEL. ____ _ 

DIRECTION, ___ _ 

MILES RECORDED 20 AMBIENT AIR 
TEMPERATURE ____ _ 

TEST PERSONNEL: 

TEST CONTROLLER. __ ....:.;R:..:..-.;B::..;e::::.::g:L...:i~e:.:...r _______ _ 

CHI EF TES T ENGI N EER._...:::G:...;,. • ..,:M;.,;.:c:.,:C:...,:l,..:::u:.:...r..:::,e _____ _ 

SAF ETY ENG IN E E R. __ -.-.;G:.,:.~SJ;.p.=.o:.:.:ns::..._ _____ _ 

VEHICLE OPERATOR Smith. Tate. Leaston. Beemler 
INSTRUMENTATION,_~B~a~rn~e=s~ _________ _ 
REAR MONITOR, _____________ _ 

GROUND CONTROLLER'-__________ _ 

ADDITIONAL PERSONNEL, __ ~Le~w~i~s~,~M~c~C~a~r~ty~ __ _ 

TEST PRO GRAM SP EC I F I CATION NO.:..,. --..:7~3_-,;;;..;93;..:7..:;.3__=.G;;..:S P~-~0~64~ __________ _ 
TEST PROCEDURE NO. 4.3 ESC-PC-5011-T 

TEST TITLE Performance Verification-Power Consumption Test 

V EHI CLE CONFI GURATION'_..:;:.2_c.:;.;a::.:r...:;s_-...:;e;.;,;imp!:;..t;;;Jy:.-..:.;w;,..:.t~. ________________ _ 

TEST DESCRIPTION Continue Power consumption test per Test Plan; reel 11. 

COMMENTS Continued investigation of TMS problem on 3701 revealed that FSR1 

diode was shorted and caused R-13 relay to function improperly. R-13 relay 

finally burned 2 contacts. Replaced relay and diode. 

Suspected Problem: Bad diode (0115) caused by previous loss of PDR and 

diodes 0113 & 0114 shorted which resulted in malfunction in 307 board 

and R-13 relay. 
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ESC TEST RUN NO. ~ (Continued) 

Replaced all 3 diodes and relay and 307 board (found spare 

307 had been running in 3701 for some time, it was board 

t hat fa i 1 ed) . 
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ESC TEST RUN NO. 44 DATE 6-21-74 

RUN TIME: START 08:45 WEATHER CONDITION: WIND VEL. ____ _ 

STOP 8: 00 DIRECTION. ___ _ 

HI LES RECORDED ___ 9_1 __ _ AMBIENT AIR 
1,1,1,1,1,1,1,1,1,1 TEMPERATURE 100+ 

TEST PERSONNEL: 

TEST CONTROLLER, __ ;..:.R.;,.......;;B....;e.9..;.,i..;;"e;,...r _______ _ 

CHIEF TEST ENGINEER._G_._M_c_C_I_u;...re _____ _ 

SAFETY ENGINEER G. Spons 
.-------~------------

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler 

INSTRUMENTATION Barnes 
'---~~~--------------

REAR MONITOR. _____________ _ 

GROUND CONTROLLER. ___________ _ 

ADDITIONAL PERSONNEL Lewis, McCarty 

TEST PROGRAM SPECIFICATION NO,.:... _....::7..::;3_-9~3~7..::;3_G;;;.;S;..;..P_-_06~4~ __________ _ 

TEST PROCEDURE NO. 4.3 ESC-PC-5011- TT 

TEST TITLE Performance Verification 

VEHICLE CONFIGURATION __ ~2~c~a~r~s~-~em~p~t~y~w~t~. ______________________________ ___ 

TES T DES C R I PTI 0 N. __ .:..C o..;..,m.;.J:p:...;l..::e;...:;t..;;;.e-.:.-Po~w..;..:e;;..;.r__:;;.C..;;.o~ns;:..;u;;;.;.m;.;.t;p....;t;..;.i~o~n _T.;..;e::;;;s;..;;t;....;:;;a.;..;.n.-d ...;R_u~n.;.....::;D~r..;.i :,..f t=--T_e_s_t...;; ___ _ 

reels 11 and 12. 

COMMENTS Successfully completed Run No. 10 of energy consum.test - empty wt. 

Performed re-run of Run No.6 to further val idate 3000' point. Completed 

Run No.6. Gave demo to London Transit and Lockheed. Began re-run of Run 

No.5. Completed Run No.5. Postponed Drift test until later. 
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ESC TEST RUN NO. 45 DA TE 6-24-74 

RUN TIME: START 09 :45 3rd ra i 1 WEATHER CONDITION: WIND VEL 5-10 

STOP 3 :30 
,~--

DI RECTION Wes t 

MILES RECO.RDED __ 2_0 ____ _ AMBIENT AIR 
TEMPERATURE 70 

TEST PERSONNEL: 

TEST CONTROLLER. __ .-.;R..;...~B .... eg~i e;..;..r ______ _ 

CHI EF TES T ENGI N E ER,--.:..:H~. -..:L=.:e:.;.;w~i=-s _______ _ 

SAF ETY ENGI N EER. __ ---.;G;..;..---.lSp~o;..;.n.;...;.s ______ _ 

VEHICLE OPERATOR Smith. Tate. Leaston. Beemler 

INS TRUM ENTATI 0 N, __ -=B~a:.:..r.!.!.n.:::::es::.-______ _ 

REAR MONITOR, _____________ _ 

GROUND CONTROLLER, __________ _ 

ADDITIONAL PERSONNEL._.:..:M.:::.cC::::.:a~r..::t~y ______ _ 

TEST PROGRAM SPECIFICATION NO.:.... _---t.Z.llf.3-'-9,,3"'Z..lll.3--.;;;G.;;..S;.,..P-....;0..;;,6_4 __________ _ 

TEST PROCEDURE NO. 4.3 ESC-PC-5011-TT _____________ _ 

TEST TITLE Performance Verification 

VEHICLE CONFIGURATION 2 cars - 42 000 lbs Ballast each 

TEST DESCRIPTION Commence max wt. power consumption test; reel 15. ____ __ 

COMMENTS Completed Run No.1 of max. wt. Power Cons. Test. Experienced 3700 

aux gen relay not functioning - Car would not regulate at 100% E/W speed. 

Went to barn to investigate. Found fuse FlO was blown which caused loss 

of 32 vdc output which kept F/W sys on batteries. 
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ESC TEST RUN NO..;.... _4..:...;6~_ DATE 6-25-74 

RUN TIME: START 12:45 WEATHER CONDITION: WIND VEL ____ _ 

STOP z:45 DI RECTION ___ _ 

MI LES RECORDED--l.Z..li:.2.s..::' 8"-__ _ AMBIENT AIR 
1,1,1,1,1,1,1,1 TEMPERATURE __ _ 

TEST PERSONNEL: 

TEST CONTROLLER __ ~R~.~B~e~g~i~e~r ______________ ___ 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGINEER _____ G~.~S~p~o~n~s ____________ ___ 

VEHICLE OPERATOR Smith. Tate. Leaston. Beemler 

INS TRUM EN TAT I 0 N ___ -=B::...::a.:.:.r..:..n=e=-s _______ _ 
REAR MONITOR. _____________ _ 

GROUND CONTROLLER~ __________ _ 

ADDITIONAL PERSONNEL Lewis. McCarty 

TEST PROGRAM SPECIFICATION NO.,:;... __ 7_3_-9_3_7_3_G_S_P_-_0_64 __________ _ 

TEST PROC EDURE NO. 4.3 ESC- PC- 5011- TT 

TEST TITLE Performance Verification-Power Consumption Test 

VEHICLE CONFIGURATION 2 cars-max. wt. -------------------------------------------------
TEST DESCRIPTION _____ Pe_r_f_o_r_m __ t_es_t __ p_e_r __ te_s_t __ p_l_a_n_;_r_e_e_l_s __ 14 __ a_n_d __ 1_5 __________ _ 

COMMENTS Successfully completed Run No.1, 2, 3, & 4 ccw. Experienced FW/TL 

and aux. gen QSD on 3700 when shifting to coast during cw 15 mph run. ABRS 

"ON" ALB "OFF" on reset: AFWS "ON", AFWES "ON" , ALB "ON" up to 40% -

then trip and FW/TL "ON", ABRS "ON", ALB "OFF". 

Attempted re-set in A.M. - No problem experienced with re-set-F/W's came up. 
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ESC TEST RUN NO. 47 DATE 6-26-74 

RUN TIME: START 11 :00 

STOP 7 :00 

WEATHER CONDITION: WIND VEL. ____ _ 

DIRECTION ___ _ 

MI LES RECORDED_..c..9...:...1 __ _ AMBIENT AIR 
TEMPERATURE. ___ _ 

TEST PERSONNEL: 

TEST CONTROLLER R. BeS i er 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGINEER G. S20ns 

V E H I C LEO P E I~A TO R Smith z Leaston l Beeml er 

INSTRUMENTATION Barnes 

REAR MONITOR 

GROUND CONTROLLER 

ADDITIONAL PERSONNEL Lewis, McCart~ 

TEST PROGRAM SPECIFICATION NO. 73-9373 Gsp-064 GSp-064 

TEST PROC EDURE NO. 4.3 ESC- PC- 5011- TT 

TEST TITLE Performance "er if icat ion-Max wt. Power Consumpt ion 

VEHICLE ,CONFIGURATION 2,~c~a~r~s_-m~a~x~.~w~t_. _______________________________ _ 

TEST DESCRIPTION Perform tests per Test Plan; reels 16 and 17 

COMMENTS Completed cw Run No.4. During re-start, FlO fuse was blown on 3700-

Replaced fuse and continued testing, completed Run No.5 and 6. During Run 7, 

3701 experienced QSD - found blown fuses F33 1 F341 and F35. Replaced fuses 

and continued testing. Experienced same QSD on 3700 and 3701 as experienced 

last nite. QSD becoming more frequent towards end of day. 

C-24 



ESC TEST RUN NO. 48 DATE 6-27-74 

RUN TIME: START 9:40 WEATHER CONDITION: WIND VEL 

STOP 9:00 
DIRECTION 

MILES RECORDED 100 AMBIENT AIR 
TEMPERATURE 

TEST PERSONNEL: 

TEST CONTROLLER R. Beg i er 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGINEER G. S~ons 

VEHI CLE OPERATOR Smith z Leaston z Beemler 

INSTRUMENTATION Barnes 

REAR MONI TOR 

GROUND CONTROLLER 

ADDITIONAL PERSONNEL Lewis z McCart:x: 

TEST PROGRAM SPECIFICATION NO.:.. _--!.7.:::..3-=-9~3;.!.,7~3 __ G_SP_-_0_64 _________ _ 

TEST PROCEDURE NO. 4.3 ESC- PC- 5011- TT 

TEST TITLE Performance Verification-Power Consumption. Max. wt. 

VEHICLE CO~IGURATION,~2~ca~r~s~-~M=ax~.~W~t~.~~~~~~~~~~~~~~~~_ 

TEST DESCRI PTION Cont i nue Power Consumpt ion Tes t - Max. wt per Test _ ~J_an~_ 
reels 18 and 19. 

COMMENTS Completed Run No~s. 8 and 9 of Power Consumption Test. Plagued by 

trips on 3700 (Aux gen, FlO fuse) and 3701 (Aux. gen, F33, 34 & 35). Also, 

3701 has Fw overspeed trip (DB5 does not close at overspeed). 3701 problem 

seems associated with F/W overspeed during end of brake - Pops fuses. 

Completed Run No. 10 which completes max. wt. P.C. Changed 103 board in 3701. 

Did not experience flashing LIB 1 ite. Must investigate aux. gen on 3700 & aux. 
gen and DBS on 3701. 
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ESC TEST RUN NO. ~ (Continued) 

Investigation revealed in barn that entire Bank of 12 fuses on 3701 which 

included F-33, 34 & 35 were undersized: Should be 20A instead of lOA. 

Replaced with 20A fuses. FlO fuse on 3700 was also undersized: Should be 

30A fuse instead of 20A. Replaced with 30A fuse. 
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RUN TIME: START 09:40 

STOP 5: 15 

ESC TEST RUN NO. 49 DATE 7-1-74 

WEATHER CONDITION: WIND VEL 15 mph 

MILES RECORDED 33 

DI RECTION NNW 

AMBIENT AIR 
1 , 1 , 1 , 1 TEM P ERA TURE, __ 9~9r...-

TEST PERSONNEL: 

TES T CONTRO LLER' __ .u.Rs..' ..... B~e~g..!..i liiiJerL--_____ _ 

CHIEF TEST ENGINEER G. McClure 

SAF ETY ENG I NEER, __ .::.G:;,.. • ...::S:.t:p:.!::o~ns~ ______ _ 

VEHICLE OPERATOR Smith. Tate. Leaston. Beemle 
INSTRUMENTATION, __ ~B~a~r~n~es~ _____________ _ 
REAR MONITOR, _____________ _ 

GROUND CONTROLLER, ___________ _ 

ADD I TI 0 NAL P E RSO NN E L,_--=L.=ew:.:.,·;,::1 s:..z.,_M:..:.;c:::.:C::.::a:.:..r..:.ty~ __ _ 

TEST PROGRAM SPECIFICATION NO.!... _~7:...::3:.....-::::.:93:::..l7:...::3~ ____________ _ 

TEST PROCEDURE NO. 4.3 ESC-P-2001-TT 

TEST TITLE Performance Verification-Max. wt. Accel. Decel Test 
VEHICLE CONFIGURATION_~2~ca~r~s~-~m~a~x~w~t~. _____________________ _ 

TEST DESCRI PTION Perform Acce I and Dece I Tes ts per Test PI an; ree I 20. __ _ 

COMMENTS Gas generator set hard to start. rope broke. took 2 hrs to repair. 

Successfully completed conditioning run without any problems Successfplly 
completed accel test. max wt. Order of Runs listed on back side of paper-ref: 

Driving from 3701 max wt - max accel = 2.5 Fwd, 2.41 Rev. Ran decel test in 

same order (i.e: 1 Fwd, 1 Rev), Aux gen on 3701 QSD - Wait 5 min and reset O.K. 
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FSC TEST RUN NO. ~ (Continued) 

Found breaker No.5 in. 3700 was tripped. Successfully completed accel 

tests. Secured for day. 

Test 1 - Accel 

Run Switch ing accel - fwd (ccw) 

2 Switching accel - rev (cw) 

3 Switching accel - fwd 

4 Switching accel - rev 

5 Switching accel - fwd 

6 Switching accel - rev 

7 Ser i es accel - fwd 

8 Ser i es accel - rev 

9 II " fwd 

10 " " rev 

1~1 " " fwd 

12 " " rev 

13 Parallel accel fwd 

14 " " rev 

15 " " fwd 

16 " " rev 

17 " " fwd 

18 " " rev 

Test 2 - Decel 

Run 20 psi sap fwd 

2 rev 

t l 
Run 10 F.S. B rclke Sap Rev. 

NOTE: Found breaker No. 5 tr ip due to lead for LOM signal into O-graph had 

overheated. Removed lead from Lorn card. 
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ESC TEST RUN NO. 50 DATE 7-2-74 

RUN TIME: START 10:00 

STOP 4:30 

MI LES RECORDED 30 

WEATHER CONDITION: WIND VEL 15+ 

DIRECTION. ___ _ 

AMBIENT AIR ------- TEMPERATURE ___ _ 

TEST PERSONNEL: 

TES T CONTRO LLER_...!.:R~ . ....!::..B ::::,;eg::L.:,..;:i e::.,:.r _______ _ 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGINEER, ____ G~.~S~p~o~n~s _________ __ 

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler 

INSTRUMENTATION, ____ ~B~a~r~n~e~s ____________ __ 

REAR MONITOR, _____________ _ 

GROUND CONTROLLER, ____________ _ 

ADDITIONAL PERSONNEL_M....;..c~Ca;;;;.;r;..._.t;;...,4y ______ _ 

TEST PRO GRAM S P E C I F I CAT I ON NO.:.... __ .1.7,,3 -.... 9'-o113u.7"'3 --=:;G..;;..S ~P-...;0;..:;6...:.4 __________ _ 

TEST PROC EDURE NO. 4.3 ESC- PN-1301-TT 

TEST TITLE Performance Verification - Noise Leyel Tests 
VEHICLE CONFIGURATION, __ ~2~ca~rws~-~m~a~x~wt~.~ _____________________________ __ 

TEST DESCRIPTION, ___ ~P~erwfwo~rm~~t~es~t~s~D~e~r_T~es~t~P~I~aun ______________________ __ 

COMMENTS Completed paras. A. 8, and C of Interior Noise Test. Could not 

perform exterior test due to high wind effects. Durin9 Run D of Interior 

Noise Test, Aux. gen QSD - reset O.K. but noticed smell comin9 from unders ide 

of car. Investigation revealed T1 volt trap flashed and wires byrned. Went 

to barn to invest igate. Invest igat ion revealed flashed VTl volt trap calJsed 

by loss of diode D116. Replaced diode with higher rated - now have complete set 

of replacement diodes in 3701. 
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ESC TEST RUN NO. 51 ,;,...;;;--- DATE 7-11-74 

RUN TIME: START 6:45 WEATHER CONDITION: WIND VEL. ____ _ 

STO p __ 3 __ :_0_0_ DIRECTION ___ _ 

MILES RECORDED ___ 3 __ 0 __ AMBIENT AIR 
TEMPERATURE __ _ 

TEST PERSONNEL: 

T ES T CONTRO L LER,_...:.:.R .=--=B;,.::e:.ol,g,.;..i e::::.;r _______ _ 

CHIEF TEST ENGINEER G. McClure 
~~~~~~------

SAF ETY EN GIN E E R. __ --...:;G;...:... ---:;..JSpi;;...;o;...:..n;.;;.s ______ _ 

VEHICLE OPERATOR Smith, Tate, Leaston, Beemler 

I NSTRUMENTATION. ____________ _ 

REAR MONITOR_. ____________ _ 

GROUND CONTRClLLER, ___________ _ 

ADDITIONAL PERSONNEL McCarty, Luggett 

TEST PRO GRAM SPEC I F I CATION NO,:..' __ ..!-743 --=9~3;,.L,7,3 .... ...;::G;.;;S.:..P~-0_6;.....;4~ _________ _ 

TEST PROC EDURE NO. 4.3 ESC- CN- 0001- TT 

TEST TITLE Performance Verification-Noise Leyel 

VEHICLE CONFIGURATION~~rs~-~m~a~x~.~wwt~. ________________ _ 

TE S TOES C RI PTI 0 N, __ -!.P..Jjear .... f::.t,o.L!rm..I.!....J.:Nl.,loiou.i ... s ~e ...IL-.,I;e;;.xv.liiie ..... I_TL.Jie_s~t~p e¥JrI...-l.T.eOiiJ.s .... t -IP .... lleCaLLlQ "---______ _ 

COMMENTS Completed Cond. run. Completed exterior noise test - 501 from rail. 

Experienced aux. gen. QSD's from 3701. Placed monitor on 3700 to check opere integrity. 

B & K unit was on tripod in car and leg of tripod collapsed. Mike was broken. 

Borrowed TSCts. Will run exterior noise & interior noise in A.M. Gas qen set 

dropped power - Brush lead shorted. 
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ES C TES T RUN NO,:.._ -=5~2~_ DATE 7-12-74 

RUN TIME: START 09:30 WEATHER CONDITION: WIND VEL. ____ _ 

STOP 2:00 

MILES RECORDED 30 

TEST PERSONNEL: 
"-

TEST CONTROLLER R. Begier 

CHIEF TEST ENGINEER G. McClure 

DIRECTION ____ _ 

AMBIENT AIR 
TEMPERATURE __ _ 

------------------
SAFETY ENGINEER G. Spons 

--------~---------------
VEHICLE OPERATOR Smith, Tate, Leaston, Beemler 
I NSTRUMENTATION ______ Ba_r_n_e_s ______________ _ 
REAR MONITOR:.--________________ _ 

GROUND CONTROLLER ___________ _ 

ADDITIONAL PERSONNEL McCarty, LUqgett 

TEST PRO GRAM SP EC I FI CATION NO,:.._ ..... 7t..1113r.....-,,93'-17~3~&::::;._=:G:.:::S.:...P...;:-0~6;..:4 __________ _ 

TES T PRO C EDU RE NO __ ....:P...;:e:.:.r..:.f.;;.o:..;.rm;.;;:a:.:.:n~c.=.e....:V~e:.:.r..,:.i.:,.f .;.;:i c:.:a:,.:t..,:.i ::,:on:.:,.-..,:.N:.;:o..,:.i::..;s e:::....:L~e:.:.v.::.e.:...l __ E_S_C-_C_N_-_O_OO_l_-_T_T __ 

TEST TITLE Noise Level Tests - ext and into 
VEHICLE CONFIGURATION.~2~c~a~r~s_-~M~a~x_w~t~. ___________________ ~ 

TEST DESCRIPTION Perform tests per above documents 

COMMENTS Ayx. gen. problem not in logic on 3701. Circuit is external & FAR 

and/or CFR is tr ipp ing out. Col I in suggests that 32 YdC 5 ide of X-former be 

disconnected· from logic since it is a signa) only to ECD. CoIl in gave both cars 

clean bill of health for logic system 3701 has only 51 ight oscillation at 
brake - he will fix later. 
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ESC TEST RUN N02L (Cont inued) 

3700 F/W No.2 (SNA): 

Noticed Thursday, 7-11'-74, that noise from G/B area was becoming quite 

audible. Vibration was set up in floor. During 2 hr run, noise and 

vibration was becoming more apparent. Shut down to investigate. On 

Friday 7-12-74 ran spl on F/W (see attached sheet). Decided not to run car. 

Wi·ll remove F/W and send to Torr. for invest igat ion. They are sending spare 

unit up. 
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ESC TEST RUN NO..;,.. ...... 5&.,3 __ DATE 7-17-74 

RUN TIME: START 08:48 WEATHER CONDITION: WIND VEL ___ _ 

STO P __ 3~: 0_0 __ DIRECTION ___ _ 

MILES RECORDED ___ ",-30 __ _ AMBIENT AIR 
TEMPERATURE. __ _ 

TEST PERSONNEL: 

TEST CONTROLLER R. B e9 i er 

CHI EF TEST ENGI N EER~ __ G';......;..M=c..;;..C.;..:l u=r...;e~ ____ _ 

SAF ETY ENGI NEER~_--...;;;G;.;... _S;;J;p:;..;:o;..:.:n:.:,s ______ _ 

VEHICLE OPERATOR Smith. Tate. Leaston. Beernler 

INS TRUM ENTATI 0 N __ --..:::;B..::,a.:..rn:.;..:e=s _________ _ 

REAR MONITOR. _____________ _ 

GROUND CONTROLLER~ __________ _ 

ADD I TIONAL PERSON.N EL.--.;.,.;M=cC:.;;a:.:.r...:;t-.v ______ _ 

TEST PROGRAM SPECIFICATION NO.;... __ ..;;G:.;;.S;...P...;-O_6 ... 4 ______________ _ 

TEST PROCEDURE NO. ESC-CN-0001-TT, ESC-PN-2001-TT, and ESC-PN-3001-TT 

TEST TITLE Exterior Noise Level. Accel & Decel Effect on car 

V EHI C LE CON FIG URATI 0 N,_=-2 -:c:.llaL!.r.::::..s_---=-A:.:.,:W"'3 _______________ --

TEST DES C RI PTI 0 N ___ P..,;;e.;...rf;".o-.;.r ... m;.....;;..t es.;;...;;...;;t;...;;.s_pa.;..e_r--..;;t..;;.es;;...t--...;p...;.l..::::.a_n • _____________ _ 

COMMENTS Successfully completed exterior noise test (1st half) and accel & 

decel effect on car. Experienced loss of fan power infrequently on 3701 Had 

disconnected 32 vdc from Xformer. but still have loss of fan. Will investigate 

regulator as a possible cause. 
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I~SC TEST RUN NO.,;... _54 ____ _ DATE 7-18-74 

RUN TIME: START 09; 301 WEATHER CONDITION: WIND VEL, ____ _ 

STOP 4:00 DIRECTION, ___ _ 

MILES RECORDED 45 AMBIENT AIR 
TEMPERATURE, __ _ 

TEST PERSONNEL: 
TEST CONTROLILER. __ --:.R:.:,.._B:,;e:::;:9;a..:i..;:::e:.:.,.r _____ _ 

CHI EF TES T ENG I N E ER._.:;,G;.,. • ..:.,M.:;:c.:;,C.;.,;1 u~r-=e=--____ _ 
SAF ETY ENG IN IEER. __ ---=G;,.;.. _S;:;Jp;.;:o;.:.n:.:;s ______ _ 

VEHICLE OPERATOR Smith, Tate, Leaston. Beemler 
INS TRUM ENTATIO N, __ --=B;.::a.:.,r:.:.;ne:::s=--______ _ 

REAR MONITOR,, ____________ _ 

GROUND CONTROLLER, __________ _ 

ADDITIONAL PERSONNEL McCarty, Nickel. Raskin. Rabe, 

Bowler, Augiuado, Blakely 

TEST PROGRAM SPECIFICATION NO.:... __ .:::.;GS:::.:,P_-,..:::.O=..64..:...· ____________ _ 

TEST PROCEDURE NO. ESC-CN-OOOl, and ESC-P-3002-TT 

TEST TITLE Exterior Noise test (Platform). friction Brake Dece1 
VEHICLE CONFIGURATION~~rs~-~AWA3~ ________________ _ 

TEST DESCRIPTION Perform tests per test plan. pe-bal last cars to AW2 in p.M. 
Ree 1 21. 

COMMENTS Successfully completed ext. noise test. Platform completed AW3 

decel- service friction at 45 psi and 25 psi set. 15. 30 and 40 mph. Experienced 

F/W TIL QSD on both cars in A.M. No QSD in P.M. Did not experience fan loss 

in 3701 all day. Gave demo. to Art Raabe and Dan Raskin- deballast to AW2 

(30.800 lbs) in P.M. 
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ESC TEST RUN NO. 55 DATE 7-19-74 

RUN TIME: START 10:00 WEATHER CONDITION: WIND VEL 

STOP 12:00 DIRECTION 
20 

MILES RECORDED AMBIENT AIR 
TEMPERATURE 

TEST PERSONNEL: 

TEST CONTROLLER R. Begier 

CHIEF TEST ENGINEER G. McClure 
'--~--~~~-----------

SAF ETY ENGI N EE R. __ ---.;G;..;,.. _S-Ip;;....;o;.;..n;.;;.s ______ _ 

VEHICLE OPERATOR Smith, Tate, Leaston. Beemler 
INSTRUMENTATION. ____ ~Ba~r;;....;n~e_s ________________ __ 

REAR MONITOR, _____________ _ 

GROUND CONTROLLER, ___________ _ 

AD D I TI 0 NAL P E RSO NN E L--=...;M..:;..cC;..:a;..:r....:;t;.LY ______ _ 

TEST PROGRAM SPECIFICATION NO.:... ___ G_S_P_-O_64 ______________ _ 

TEST PROCEDURE NO. ESC-P-3002-TT, ESC-P-3001 - TT , and ESC-P-2001-TT 

TEST TITLE Decel Service Friction (AW2) , Decel B.B., Accel 
VEHICLE CONFIGURATION,~2~ca~r~s~-~A~W~2 ____________________________________ __ 

TEST DESCRIPTION Perform tests per test plan; reel 21 ________________ _ 

COMMENTS Began AW2 decel service friction test. Completed Run #8. Initiated 

Run 9 when 3700 had aux. gen. QSD & much noise and vibration coming from F/~l. 

Visual inspection on coastdown revealed noise (thrashing) coming from rear flange 

of F/W section. Vibration began to decrease from rear to fwd flange. Went to 
barn. 
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ESC TEST RUN NO. 67 
~~--

DATE 12-18-74 

RUN TIME: START 08:00 WEATHER CONDITION: W~ND ·VEL. ____ _ 

STOP 2:00 01 RECTION ___ _ 

MILES RECORDED 45 AMBIENT AIR 
TEMPERATURE __ _ 

TEST PERSONNEL: 

TEST CONTROLLER R. Begier 

CHIEF TEST ENGINEER G. McClure 

SAF ETY ENGI N EER ______ G.._. S.-.p;;;..;o .. n ..... s_, ______ _ 

VEHICLE OPERATOR Smith. Tate 

I NSTRUM ENTATI 0 N __ ---'-'M_ccK,;:o=m ...... m=o .... n ______ _ 

REAR MONITOR_, _____________ _ 

GRO UNO CO NTRO LLE R._~A=s__=_re=g.,:u:...;.i..:..r=ed:._ ____ _ 

ADDITIONAL PERSONNEL.~Mc=C=a~r..::.t~y ______ _ 

TEST PROGRAM SPECIFICATION NO.:.,.. __ .:::.:GS:.:.P_-..;:;.O=64~ _____________ _ 

TEST PROCEDURE NO. ESC-P-3001-TT and ESC-P-3002-TT 

TEST TITLE Decel blended braking Decel service friction 

VEHICLE CONFIGURATION~·~s~-uAW~O~ _____________________ __ 

TES TOES C RI PTI 0 N ___ .:.,.P,:;.e;...;rf~o;.:l.r,;.;,;m_t.:;,.;e~s;..::tO::;'s...,jpl:,,;e=.:.r__=_G._:;,;S P_-.-:O;.;:::64~ ___________ _ 

Reel 23 

COMMENTS Successully completed accel blended brake and decel service 

fr ic t ion at AWO. No probl~~ms experienced during test day. 
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ES C TES T RUN NO.;., • ...L7-,-1 __ DATE 1-7-75 

RUN TIME: START 08:00 WEATHER CONDITION: WIND VEL. __ O __ _ 

S TO p __ 4..;...: 0_0 __ DIRECTION. ___ _ 

MIL ES R ECO RD El.PG ___ -4-0---- AMBIENT AIR 
TEMPERATURE __ _ 

~JEST PERSONNEL: 

TEST CONTROLLER G. McClure 

CHIEF TEST ENGINEER R. Begier 
.-----~~------------

SAFETY ENGINEER G. Spons 
.------~~~-------------

V EHI CLE OPERATOR ________________ _ 

INSTRUMENTATION Mccommon 

REAR MONITOR Yes 

GROUND CONTROLLER As required 
AD D I TI 0 NAL P E RSO NN E L._M __ c __ C~a __ r t __ y'--______ _ 

TEST PROGRAM SPECIFICATION NO. GSP-064 
~--------------------------------------

TEST PROCEDURE NO. ESC-P-4001-TT and ESC-PN-1301-TT 

TEST TITLE Dr ift Tes t and Inter i or Noise Survey 
VEHICLE CONFIGURATION.~2~c~a~r~s~-A~W~0~ __________________________________ _ 

TES T DES C RI PTI 0 N _____ P..;;.e;...rf_o....;.r_m_p!;..e.;...:r--:;t..:;e.:..s..;..t .....!.p-'-.l_a_n...:...; _r_e.....;e_l--..:2 3::....-______________ _ 

COMMENTS Successfully completed drift test - AWO. Zero wind velocity. Changed R8 

on 203 Brd from 75K to 150K - Both cars - no change in accel. Changed 3700 203, 

R8 from 100-150. Due to 3700 speed vs TIM curr higher than 3701. Noticed 1 mph 

dec in speed vs time. Changed R4 on 207 Brd from 75-100K. When R8 on 203 was 

increased to 150K. 3700 3rd rail fell off at 5 amp point with 3701- No longer 

stays on 3 to 5 sec more. 
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ESC TEST RUN NO. 72 
~---

DATE 1-8-75 

RUN TIME: START~~ WEATHER CONDITION: WIND VEL, __ O __ _ 

STOP 5:00 DIRECTION ___ _ 

MILES RECORDED ___ 7_5_ AMBIENT AIR 
TEMPERATURE.~35~_ 

TEST PERSONNEL: 

T ES T CONTRO L L ER. __ R_. _B_e....:a9'-i....;e...;..r _______ _ 

CHIEF TEST ENGINEER G. McClure '---------------------
SAFETY ENGINEER G. Spons 

'--------~---------------
V EHI C LE 0 PERATOR, ___________ _ 

INSTRUMENTATION Mccommon '---------------------
REAR MONITOR Yes 

GROUND CONTROLLER As required 

ADDITIONAL PERSONNEL McCarty, Couvillon 

TEST PROGRAM SPECIFICATION NO. GSP-064 
~-------------------------------

TEST PROC EDURE NO. ESC-, PN-1 301- TT ,----------------------------------------------
TEST TITLE Interior NoIse Survey, Accel and Decel & effect, Effect of track on car 
VEHICLE CONFIGURATION2 (~:a~r~s_-_A~W_O __________________ _ 

TEST DESCRIPTION _____ P_e_r._f_o_rm __ t_e_s_t_s~pe_r __ t~e_s_t_p~la_n~; __ r_e_e_l_2~3~ ______________ __ 

Reel 8, 9, and 10 - Small recorder 

COMMENTS ____ S_u_c_c_e_s_s_fu __ ll~y~c~o~mp~le~t~e~d~7~3-~9~3~7~3~i~nt~e~r~i~o...;..r~no~is~e~s~u~rv~e~y~a~n~d~GS~P~-~0~64~ 

interior noise survey. Also completed accel and decel effect on car and effect 

of track section on car, All at AWO. No problems experienced during test day. 
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ESC TEST RUN NO. 73 DATE 1-9-75 

RUN TIME: START O~;OO WEATHER CONDITION: WIND VEL 15-25 

STOP 4:00 DIRECTION N-tj 

MILES RECORDED 90 AMBIENT AIR 
TEMPERA TURE 20 

TEST PERSONNEL: 

TEST CONTRO LLER, __ --.:.W:..:,.-=-:..My[..:.e::..:,r ______ _ 

CHI EF TES T ENGI N EER._...;;;G..;.,. • ....;M~c~C;...;I...;;;u..;..r.;;;.e _____ _ 

SAF ETY ENG IN EE R. __ --.::G;;..;..~Sp!;..,;o;;..;.n.:.=s ______ _ 

VEHICLE OPERATOR, ___________ _ 

INS TRUM EN TAT I 0 N. __ --=-M.:.=c;.::;.c..;:;:om.:.::.m:.:.:o~n~ _____ _ 

REAR MO NI TO R, ____ .:;.a.::;.s -:r:...:e::.:qL::u~i..:...re:::.;d=--____ _ 

GROUND CONTROLLER as required 

ADDITIONAL PERSONNEL McCarty, Convill ion 

TEST PROGRAM SPECIFICATION NO..:... __ -=G:..=.S.:....P-....;O~64~ _____________ _ 

TEST PROC EDURE NO. ESC- R- 0010; R- 2001; R- 3001; R-ll01 

TEST TITLE Ride Roughness - Component Induced Vibration. Accel & Decel Worst speed 
VEHICLE CONFIGURATION~2~ca~r~s~-_=_:..AW~0~ ___________________________ _ 

TEST DES C RI PTI 0 N __ ..;,P-.,;e~r...;.,f...;.,o~rm,;,;.,__:;t;..;;e..;..s..;.,.t s~p;.,.;;e;.;.,r~t e.;:;.;s;...;t;;.....:..p_l a_n....;;:o.-r_e_e_l _2,.;;;3 ____________ _ 

COMMENTS Successfully completed ride roughness tests of component induced 

vibration, worst speeds (Selected 20,35 & 45 since no major indication of worst 

car speed) and accel & decel. No problems experienced during day. AWO complete 

except accel & power consumption. Weighed cars at end of day' 

3701 
3700 

No. 1 end No. 2 end Total 

A 2220 
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ESC TEST RUN NO' -I1- (Continued) 

AWO AW2 AW3 
3701 = 82820 113620 124820 
3700 = 82320 113120 124320 

+1800 = people (9 @ 200 ea) 

+2700 = Instr'n & equipment on car 

86840 

Ba llqs t Req' d: 

AW2 AW3 
3700 3701 3700 3701 

26 '12_8_0 __ 

3 

0~'1:8_0_0=========~=~::tl:_:_: ___ 4 ___ 2 fOO 
11 ,200 

C-40 



ESC TEST RUN NO...;.,. ...... 74-'--__ DATE 1 -1 3 -75 

RUN TIME: START 08:30 WEATHER CONDITION: WIND VEL. ____ _ 

STO P __ 1;....;1~:=3~0_ DIRECTION ___ _ 

o MILES RECORDED ______ _ AMBIENT AIR 
TEM P ERA TURE. ___ _ 

TEST PERSONNEL: 

TEST CONTROLLER W. Myer 

CHIEF TEST ENGINEER G. McClure 

SAFETY ENGINEER G. Spons 

VEHICLE OPERATOR 

INSTRUMENTATION Sess ions 

REAR MONITOR as required 

GROUND CONTROLLER as regu ired 

ADDITIONAL PERSONNEL McCarty, Couvill ion, Mcconnel 

TEST PROGRAM SPECIFICATION NO,:..---:;G:;,;::S..,:;..P_-O,;;,.:64::...:..... _______________ _ 
TEST PROC EDURE NO. _E_S_C_-R_-_1_1_0_1-_T_T _______________ ~ __ _ 

TEST TITLE Ride Roughness. Drift 

VEHICLE CONFIGURATION __ ~2~c~a~rs~-~A~W~2 _____________________________ _ 

TEST DESCRIPTION Perform tests per test plan. Weigh cars at AW2. 
AW2 Wts: Truck Truck 2 Total 

3701 = 59000 56360 11 5360 

3700 = 56140 50900 107040 

COMMENTS_~C_o_r_r~ec_t_i_o_n~: ______________________________________ __ 

1 - remove 1740 lbs from 3701 , Truck 1 

2 - Add 4280 lbs 3700, Truck 2 

No test run today Pot 1 power supply wires shorted and need repair. 
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ESC TEST RUN NO. 75 DATE 1 -14-75 

RUN TIME: START 2:00 WEATHER CONDITION-: WIND VEL ------
STOP 5:00 DIRECTION ___ _ 

MILES RECORDED 45 AMBIENT AIR 
TEMPERATURE __ _ 

TEST PERSONNEL: 

TES T CONTROLLER_.;.;...W,;... • ...:,.M.:..J;y...:;:e;.:..r ________ _ 

CHI EF TES T ENG IN E E R,_-=G~ • ....:M..:;c:.::C~l..:::u.:...re::::._ ____ _ 

SAF ETY EN GIN E E R. __ --...,;;G;..;.,. _S~p~o;..:.n;.;;.s ______ _ 
V EHI CLE OPERATOR, ___________ _ 

INSTRUMENTATION, ___ ~S~e~s~s~i_=o~ns~ __________ ___ 

REAR MONITOR_. ____ y~e;;.:;s ________ _ 

GROUND CONTROLLER as requ ired 

ADDITIONAL PERSONNEL McCarty, Couvill ion, Mcconnel, Nickel 
Cu rran, Huqgett 

TEST PROGRAM SPECIFICATION NO.:.." ___ G_S_P-_O...,;64 ______________ _ 

TEST PROC EDURE NO. _E_S_C_-_R_-_11 . ...:0~1_-_TT.:_ _________________ _ 

TEST TITLE Ride Roughness and Drift - AW2 
VEHICLE CONFIGURATION 2 c~a~rs~-~A.;.;...W2~ _______________ ~~ 

TEST DESCRIPTION Perform tests per test plan; reel 24 

COMMENTS Successfully completed ride roughness at AW2. Performed accel & 

decels in level tangent. Cal ibrated motor speed for car ys 9th wheel' Must 

rerun @ constant speeds. Investigation revealed that variable load reostat 

was set low for AW2; re-adjusted for proper output resistance at AW2. 
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ESC TEST RUN NO. 76 
~~--

DA TE __ 1_-..;..:15 __ -~7:::;...5 _ 

RUN TIME: START 08:30 WEATHER CONDITION: WIND VEL. ____ _ 

STOP 5:00 DIRECTION ___ _ 

MILES RECORDED 70 AMBI ENT AI R 
TEMPERATURE __ _ 

TEST PERSONNEL: 

T ES T CONTRO L LER. _____ W~. ___ My'_e;;;.::r _______ _ 

CHIEF TEST ENGINEER. __ G_. _M_c...;.C_l_u.;...re~ ____ _ 

SAF ETY EN GIN EE R. ___ G_. ---ASpL-0.;...n....;;;s ______ _ 

V EHI CLE 0 PERATOR ___________ _ 

INSTRUMENTATION Sessions 
.-----~~~---------

REAR MONITOR _______________ _ 

GROUND CONTRO LLER. __ a;.;...s __ r..-eg .. u,;...·...;,1 r..,;e.._d _____ _ 

ADDITIONAL PERSONNEL McCarty, Huggett, Couvill ion, 

Nickel, Mcconnel, Curran 

TEST PROGRAM SPECIFICATION NO.;;.... ___ GS_P_-_O_64 ______________ _ 

TEST PROCEDURE NO. ESC-P-4001-TT --------------------------------------
TEST TITLE Drift, decel service friction, Decel ble.nded brake 

VEHICLE CONFIGURATION 2 cars - AW2 --------------------------------
TEST DESCRIPTION Perform tests per test plan;_r.~e_e_l_2_4_'__ _________ _ 

COMMENTS Successfully completed drift test @ AW2, decel blended brake and decal 

service friction. Ran accel and dece1 in level tangent with and witbollt friction 

brake. Ran 1 Lap of power consumption at AW2 - 88 2 Kwb/lap No problems 

experienced dyring test day 
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ESC TEST RUN NO. 77 DATE 1-16-75 

RUN TIME: START 08:30 WEATHER CONDITION: WIND VEL. __ ......::::O __ 

STOP 3:~ DIRECTION ___ _ 

MILES RECORDED 70 AMBIENT AIR 
TEMPERATURE. __ _ 

TEST PERSONNEL: 

TES T CONTRO '- L ER, __ --..!.W!..!..-.!..!.My~e:::.!r-_____ _ 

CHI EF TES T I::NGI N EER._..::G:.,:.. • ...:M:..:.:c:::..:C~I..::u~r.::::.e _____ _ 

SAF ETY ENGI N EER ___ ---..':G:.:,.--=.lSpl::...:o::;.:.,n.:.::::s ______ _ 

V EH I C LEO P E I~A TO R. ___ T.:,..:a::..;:t:;.:;e=--_______ _ 

INS TRUM ENTATION. __ ---=S;..:,:e:;:.s.:;:..s .:,..:i o::;.:.,n.:.::::s ______ _ 

REAR MONITOIR Lennesy 

GROUND CONTROLLER, ___________ _ 

ADDITIONAL PERSONNEL Huggett, Nickel, Mcconnel, 

Curran 

TEST PROGRAM SPECIFICATION NO..:... __ ....;.G;..;;.S.;..P_-0....;6....;4 ______________ _ 

TEST PROC EDURE NO. _E_S_C-_p_-..;..5_00_1_-_T_T _______ --.;. _________ _ 

TEST TITLE Friction Brake Duty Cycle. Accel 

VEHICLE CONFIGURATION 2 :ca~r~s~-_A~W~2~ ________________ ~ 

TEST DESCRIPTION Perform tests per test p~l--=a.:..:..n~; _r_e_e_I_2_4~ ______ _ 

COMMENTS Successfully completed friction brake duty cycle' Ran 1 lap at 30 

mph. 45 sec cruise, 30 sec stop while recQrdins;J temps @ stop Ran in I Tanjent fwd 

and rev for 1/2 hr at 45 mph. 55 sec cru ise. etc. Comp] eted acce] , fwd and rev 

in L. T. Ran accels and decels for Bob. drift fwd and ran with and witho"t insb.ot 
I 

and 1 Lap of 10,000. 45 mph. 30 sec stop. CWo KwL/Lap - 67 Ba]]est cars to AW3. 
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AW3 

3700 

Truck 1 Truck 2 

60,900 61 ,000 

Total 121 ,900 1bs 

+620 

3701 : 

+600 Truck 

3700: 

Truck 1 :::.: 

Truck 2 :::.: 

ESC TEST RUN NO. -11- (Continued) 

310 

310 

Truck 1 

62,520 

3701 

Truck 2 

61,760 

Total:::.: 124,280 lbs 

+600 
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ESC TEST RUN NO. 78 
~---

DATE 1-17-75 

RUN TIME: START 08::30 WEATHER CONDITION: WIND VEL. ____ _ 

STOP 5:00 DIRECTION, ___ _ 

MILES RECORDED ___ ~1_0() AMBIENT AIR 
TEMPERATURE, __ _ 

TEST PERSONNEL: 

TEST CONTROLLER. __ W~. ~M.;..&.y...:e..:...r _______ _ 

CHI EF TES T ENGI NEE R._....;;,G~ • .,-:M..;.;:c;.;:C:..:.l....;;,u.:....re=--____ _ 

SAF ETY ENG IN EE R"-_.--..::G::.;..~Spc;.;o:;.:.n.:.:s ______ _ 

VEHICLE OPERATOR. ___________ _ 

INSTRUMENTATION. ____ ~S~~~s~i~on~s~ __________ __ 

REAR MONITOR", _____________ _ 

GROUND CONTROLLER. ___________ _ 

ADDITIONAL PERSONNEL._H_ug~g~e;...;t....;.t ______ _ 

TEST PROGRAM SPECIFICATION NO..:,.. __ G_S_P_-0_6_4 ______________ _ 

TEST PROCEDURE NO. ESC- pc- 5011- TT, ESC-R- 2001- TT 

TEST TITLE Accel, Decel, Power Cons •• Rid~ Roughness 

VEHICLE CONFIGURATION 2 (~:a::.;.r~s_-~A~W~3~ ___________________ _ 

TEST DESCRIPTION Perform tests per test plan; reel 25 _______ _ 

COMMENTS Successfully completed accel, decel, and power consumpt ion at 

AW3. No problems experienced. 
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ESC TEST RUN NO. 79 DATE 1-20-75 

RUN TIME: START 08i30 WEATHER CONDITION: WIND VEL 

STOP 12;00 DIRECTION 

MILES RECORDED 45 AMBIENT AIR 
TEMPERATURE 

TEST PERSONNEL: 
TES T CONTRO L LER, ___ W~'r...-LML1-y.¥.eL..r _______ _ 

CHIEF TEST ENGINEER G. McClure 

SAF ETY EN GIN E E R. __ G;:.:.:.-.;:;S,.I;.p..:;.on:..:,:s=--______ _ 
V EHI C LE 0 PERATOR, ___________ _ 

INSTRUMENTATION. __ ~Se;s~s~i~o~n~s ______________ _ 
REAR MONITOR, _________________ _ 

GRO UND CO NTRO L L E R. __________________ _ 

ADDITIONAL PERSONNEL McCarty. Huggett, Conv;ll ion, 

Henst 

TEST PROGRAM SPECIFICATION NO.:..._....:G:..;:S;.:..P_-;:.:06~4:...-______________ _ 

TEST PROCEDURE NO. ESC-R-ll0l-TT ------------------------------------------
TEST TITLE Ride Roughness 
VEHICLE CONFIGURATION~2~c~a~r~s~A~W~3~ ______________________________ _ 

TEST DESCRIPTION Perform test per test plan; ree 1 26 _____________ _ 

COMMENTS Successfully completed ride roughness. Went in to barn to install 

TIM power cons. ; ns t r~'n and hall effect current sensors 
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ESC TEST RUN NO. 80 DATE 1-21-75 

RUN TIME: START 9:00 WEATHER CONDITION: WIND VEL 

STOP 5:00 DIRECTION 

MILES RECORDED 64 AMBIENT AIR 
TEMPERATURE 

TEST PERSONNEL: 
TEST CONTROLLER. ___ R._B_e-",,9_i .;...er _______ _ 

CHIEF TEST ENGINEERG. McClure 
~------------------

SAFETY ENGINEER G. Spons 
------~-----------------VEHICLE OPERATOR _______________ _ 

INSTRUMENTATION Sessions ----------------------REAR MONITOR ____________ _ 

G RO UND CO NTRO LL E R ________________ _ 

ADDITIONAL PERSONNEL Huggett, Wienstien 

TEST PROGRAM SPECIFICATION NO. GSP-064 
~-----~-----------------------------

TEST PROCEDURE NO. ESC-PSI-6001-TT ----------------------------------------------TEST TITLE ___ EM_I _______________________________________________ __ 

V EH I C LE CONF I G URATIO N 2 cc,;;.;.~ r...;.s __ -...;.A~W.;...;O __________________________ _ 

TEST DES CRI PTION ________________________________ _ 

COMMENTS Ran 1 lap fwd & Rev @ 3000 , 30 sec 45 mph with T/M and 3rd rajl 

on Kwh meters at AWO. No change in Kwh/Lap however, TIM can - 24% higher 

with 10% added to reading for motor and ch~pper efficiency. Recal jnstr'n and 

set up for sh!lnts \/5 ha!lJ effects 
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ESC TEST RUN NO. 81 
~---

DATE 1-22-75 

RUN TIME: START __ 0_8_:~3_0_ WEATHER CONDITION: WIND VEL, ____ _ 

STOP ___ 4,;.::;: 3;.....0_ DIRECTION ___ _ 

MILES RECoRDED ____ 6_o __ AMBIENT AIR 
TEMPERATURE, __ _ 

TEST PERSONNEL: 

T ES T CONTRO L L ER, __ W;.;..:.;.--:..M:.Ly~e:...r _______ _ 

CHI EF TES T ENG IN E E R,--=G.:.,. • ...:,M.;.:c:.::,C..:,.l u::.:r:..,:;e=---____ _ 

SAF ETY ENGI N EER._...;.-.....;G:.:..~Sp!;.;o:;.:.n~s ______ _ 

VEHICLE OPERATOR. ___________ _ 

INS TRUM ENTAT 10 N' __ .-;S;.,;e:=.s.=,.s.:..;i o:;.:.n.;.::s;.....-. _____ _ 

REAR MONITOR, _____________ _ 

GROUND CONTROLLER. ___________ _ 

ADDITIONAL PERSONNEL Henst, Wienstien 

TEST PROGRAM SPECIFICATION NO. GSP-064 
~-------------------------------

TEST PROC EDURE NO. _E_S_C_-_P_S_I-_6_0_0_'-_T.;...T _________________ _ 

TEST TITLE Duty cycles and EMI 

V EHI C LE CONFI GURATION,_2_c.;;..;a:;.,;r..;;;s_-...;.A.;...W_O ____________________ _ 

TEST DESCRIPTION _________________________ _ 

COMMENTS __ ~R~a~n~d~ut~y~c~y~c~le=s~a~l..:,.l_d~a~y~._~Re=s;.,;u~l~t.=,.s~:~c~a~r~3~7~0~1_..:..r~un~s~a~t_'3.~9~2~K~w~h/~C=M~ 

and TIM's are matched to within 2% of energy consumed. Car 3701 runs at 5.19 

Kwh/CM and TIM's are matched to within 1% of energy consumed. Must run accel and 

reduce speed schedule for arm current reduction. Ran laps with and without 

inshot-NO appreciable difference. 
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ESC TEST RUN NO. 82 
~---

DATE 1-23-75 

RUN TIME: START 09:00 WEATHER CONDITION: WIND VEL. ____ _ 

STO p __ 1_7_0_0 DIRECTION ___ _ 

MILES RECORDED ___ ....;;3_0_ AMBIENT AIR 
TEMPERATURE __ _ 

Rel iabil ity time = 3 hrs 30 min 

TEST PERSONNEL: 

TEST CONTROLLER' __ ...;.W;..;.o~My~e;;.;.r _______ _ 

CHI E F TES T ENG IN E E R.---=G:.,:..o ....:M~c:;.;:C:...:.l-=u:.:..r~e _____ _ 

SAF ETY ENGI N EER. __ ...::G:.:,o-...::;.JSpl:;..:o:.:.,n.:.:::;s ______ _ 

VEHICLE OPERATOR. ___________ _ 

I NSTRUMENTAT][ON' __ ...;:S;..::e::::;.s~s..:..;:i o:;.:,n:,:::::s ______ _ 

REAR MONITOR_, _____________ _ 

GROUND CONTROLLER, ___________ _ 

ADDITIONAL PERSONNELHenst. Wienstien. Yutko 

TEST PROGRAM SPECIFICATION NO.:...._--=G:.::.S.:..P....;;-0:;.;:6::..;4~ _____________ _ 

TEST PROC EDURE NO. ESC- PS 1- 6001- TT 
----------------------~--------------

TEST TITLE EMI and Rel iabil ity. Accel and AWO 

V E HI C LE CON FIG URATI 0 N ---2..-c,.aa.L;;rs::t....:-~A.w.W1LO ____________________ _ 

TEST DESCRIPTION Run per t85t plans; reel 26 ___________ _ 

COMMENTS Ran acce 1 at AWO, FWD and REV 0 Gave acce 1 and dece 1 data to Cha r1 i e for 

AWO and AW3. Accel and dec:el schedule for both are low. Car 3700 pull ing more 

TIM current than 3701 = 25fll highero Successfully completed constant speed runs 

at 45, 18 and 12 mph for EMI. 
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ESC TEST RUN NO..::... • ..:;8J..3 __ DATE 1-24-75 

RUN TIME: START ___ _ WEATHER CONDITION: WIND VEL ____ _ 

STOP ____ _ DIRECTION. ___ _ 

MILES RECORDED _____ _ AMBIENT AIR 
TEMPERATURE __ _ 

TEST PERSONNEL: 

TEST CONTROLLER ____________ _ 

CHI EF TES T ENGI N EER:........:..:M:-cC;;..,I:..,:u:.:..,r..:,e ______ _ 

SAF-ETY ENGINEER~ ___________ _ 

V EHI C LE OPERATOR ___________ _ 

I NSTRUMENTATION ___________ _ 

REAR MONITOR _____________ _ 

GROUND CONTROLLER~ __________ _ 

ADDITIONAL PERSONNEL __________ _ 

TEST PRO GRAM SPEC I FICA TI ON NO..;.... _---=G:.;:S~P_-O;.:64~ ______________ _ 

TEST PROC EDURE NO. ESC- R- 0001- XX -------------------------------
TEST TITLE Dynamic Shake Test and pul J lest at AWO 

VEHI CLE CONFI GURATION.....u.AW.u..O~__"Ca~r _3u.7~0.w..0 _________________ _ 

TEST DESCRI PIlON Perform test per test plan; ree 1 s 26 and 27 _____ _ 

COMMENTS_~P~e~r~fo~r~m~e~d-wPu~lwl~Te~sut~oun~c~a~r~s ___________________ __ 

3701 - 300 @ No. 1 end and 280 No 2 end 

3700 - 160 @ No. 1 end and 280 No. 2 end. 

All data for Dyn. Shake Test is recorded on tape, Digraph and 

ins t ruct ion Log Book. Performed vert i ca 1, 1 DnQ it lid i na] and 

vertical torsion @ AWO - Could not do latera] due to lack of 

mounting fixture. Test data follows test Log No. 86. 
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ESC TEST RUN NO. 84-85 DATE 1-25-75 

RUN TIME: START ___ _ WEATHER CONDITION: WIND VEL ____ _ 

STOP ___ _ DIRECTION ___ _ 

MILES RECORDED ____ _ AMBIENT AIR 
TEMPERATURE __ _ 

TEST PERSONNEL: 

TEST CONTROLLER~ __________ _ 

CHIEF TEST ENGINEER G. McClure 
~-------------

SAFETY ENGINEER:-___________ _ 

VEHICLE OPERATOR ___________ _ 

I NSTRUM ~NTATIO N ___ S_e_s_s _i o_n_s,,",",_M_c_c_o_n_no_n __ _ 

REAR MONITOR , ____________ _ 

GROUND CONTROLLER. __________ _ 

ADDITIONAL PERSONNEL, ________ --

TEST PRO GRAM SP ECI FI CATION NO.;... ____ G__.S.;,..P-.-O-.;;64 __________________ _ 

TEST PROCEDURE NO. ESC-R-0001-XX ------------------------------------------
TEST TITLE Dynamic Shake Test - AW2 
VEHICLE CONFIGURATION _________________________ _ 

TEST DESCRIPTION Ree 1 2:7 ---------------------------------------------

COMMENTS Successfully completed Dynamic Shake Test vertical, ]ongit"djna] 

and vertical torsion at AW2 and began AW3. Test data follows test log No 86 
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ESC TEST RUN NO..-. _8_6 __ DATE 1-26""75 

RUN TIME: START ___ _ WEATHER CONDITION: WIND VEL _____ _ 

STOP ____ _ DIRECTION ___ _ 

MILES RECORDED _____ _ AMBIENT AIR 
TEMPERATURE, ___ _ 

TEST PERSONNEL: 

TEST CONTROLLER, ____________ _ 

CHI EF TES T ENG IN E E R,_..w.G..o..-J,M...I.loco.loCr...a.1.w,IJ.&..;celoO.-____ _ 

SAFETY ENGINEER. ____________ _ 

V EHI C LE 0 PERATOR, ___________ _ 

INS TRUM ENTAT I 0 N. __ .... Sol,..l;p=s..;a.s..l.li Ql..l.ln.LOlSL-,-&.;.IIMc ...... c ..... Q,/.Un.I.LnQlo.Un~ __ 

REAR MONITOR, _____________ _ 

GROUND CONTROLLER, ___________ _ 

ADDITIONAL PERSONNEL, _________ _ 

TEST PROGRAM SPECIFICATION NO.:..._---.;G;;....;;S..;..P_-O_64~ ______________ _ 

TEST PROCEDURE NO. ESC-R-0001-XX ----------------------------------------------
TEST TITLE Dynamic shake test at AW3 
VEHICLE CONFIGURATION _________________________________________ _ 

TEST DES CRI PTIO N._R_e_e_1 __ 2.:...7 __________________________ _ 

COMMENTS Successfully completed vertical, longitudinal and vert. torsion 

(17" offset) at AW3. Ca 1 ibrated su itcase for Monday. 
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ESC: TEST RUN NO. 87 
.:..-~--

DATE 1-27-75 

RUN TIME: S TART __ 1 0.-:;..-0_0_ WEATHER CONDITION: WIND VEL. ____ _ 

STO P_~5~:;...0....;.0_ DIRECTION ___ _ 

MILES RECORDED _______ 50 __ AMBIENT AIR 
TEMPERATURE. __ _ 

ReI iability Run Time = 4 hrs. 45 min. 

TEST PERSONNEL: 

TEST CONTROLLEFt. ____ .-W.;.;,.~M ..... ye.;;;..;r _______ _ 

CHI EF TE S T ENG IN E ER.--.,;;G..;.,' .-M;..;.;c;..;C;..;I....;;u...;..r..;;..e _____ _ 

SAF ETY ENGI N EEf~. __ .-G;;..;..~Sp~o;;..;.n.;.;;.s ______ _ 

V EHI C LE OPERATOR. ___________ _ 

I NSTRUMENTATION. __ ...;..M.;",;;c....;;.c....;;..on;..;.;n...;.,;o;..;.;n~ _____ _ 

REAR MONITOR 

GROUND CONTROLLER. ___________ _ 

ADDITIONAL PERSONNEL~Y_u_tk_o _______ _ 

TEST PROGRAM SPECIFICATION NO.:...._--..:G;".,;.S..:...P_-O:;.,.:64;;,..,.;.... ______________ _ 

TEST PROCEDURE NO. ESC-PSI-6001-TT -------------------------------
TEST TITLE EMf and ReI iabil ity 

V EHI C LE CONFI GURATION,_.=.2.....:c:::,.::a::..:.r.;:5:::..1. • ...:.A..:.:W:.:,:=3'--_________________ _ 

TEST DESCRI PTION, __________________________ _ 

COMMENTS Successfully completed EMf testing. During below base speed accels, 

fuses blew in EMI equipment and only could record freg. above 25. Re-entered 

rel iability running. Checked out both sides of suitcase by swapping 3rd rail 

from 3700 from right to left for same 2 runs = 0.2 KWH A. Completed 3700 TIM 

input and output test. 
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Ampl vs Freq plot 
AWO 
AW2 
AW3 
CB 
DOT 
ESC 
ESS 
FWD 
F.S. 
F/W 
H.P. 
MTA 
NA 
NYCTA 
PAR 
QSD 
REV 
RQD 
SER 
SW 
TSC 
TTC 
TIM 
UMTA 
X-Y Plot 

200Copies 

GLOSSARY 

Log-log plot or semi-log plot of data 
Vehicle empty weight 
Vehicle empty weight plus full load 
Vehicle empty weight plus crush load 
Carbody 
Department of Transportation 
Energy storage car 
Energy storage system 
Forward 
Full scale 
Flywheel 
Hewlett Packard 
Metropolitan Transportation Agency 
Not applicable 
New York City Transit Authority 
Parallel 
Ouick shutdown 
Reverse 
Required 
Series 
Switch 
Transportation Systems Center 
Transportation Test Center 
Traction motor 
Urban Mass Transportation Administration 
Graphical data presentation obtained by 
running analog magnetic tape into an 
X-Y plotter with minimum filtering. 
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