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I Bolt Beranek and Newman Inc.

EXAMPLE

IMPLEMENT REMOTE UNCOUPLING, REMOTE HAND BRAKE 

A P P L IC A T IO N , AND REMOTE ANGLE COCK CONTROL

STEP # 1 .  YARD TR AIN

S a v in g s  f o r  P a th  T h ro u g h  B lo c k  1 .2

 ̂ Set hand brakes on 5 cars
SHB1 .464 min
Walk2 ^2__

.664 
x 6

— “—  3 . 3 2 min.
Ti 2 trainman returns from setting brakes

Walk .2 
X 5

1 . 0 0  min.
Ti 2 4 Close loco angle cock

CAC .2 .2

T 1 2 5 Pul1 P in
OK . 1 .1

4.62 min
Probability for top path Px = . 5

2 . 3 1  min average/train.

1Values of crew work elements are from p. 114 of Phase Ih report. 
2Walk at 3 mph = 4.4 ft/sec = 0.2 min.car.

I
1



I Bolt Beranek and Newman Inc.

S a v in g s  f o r  P a th  T h ro u g h  B lo c k s  1 . 1 ,  1 .3

1.1

T1.1.1 Trainman1 walks 1/2 mile 10 min

Tl.l.2 Close angle cock . 2

Tl.l.4 Pull pin (OK) . 1
T1.1.7 Return trainman - 1/2 mile 10 min

20.3 min.
1.3 (Same as block 1.2) 4.62 min

1.4 T1.4.5 Open loco angle cock • 36

1.5 (Same as block 1.2) 4.62 min
Total 29.9 min

p2 = 0.5
14.95 min/averag

Assume Py = 1.0 at Decision lb 

T o t a l  S a v in g s  -  S te p  1

2.31
14.95
17.26 min/train -----

or = 0.263 min/car classified1.

16j cars/train - 1978 Yearbook of Railroad Facts, p. 39-

2



Bolt Beranek and Newman Inc.

STEP # 2 .  C LASS IFY  CARS -  FLAT YARD

Dec. 2a: Cut length - assume PY * 1

Dec. 2d: Special handling - assume PN ' 1

Dec. 2f: Free knuckle - assume PN - ' 75

PY = -25

T
1 2 .2 .1 Walk 5 cars (.5 x -2) 1 min
T1 2 .2 . 2

RHB (.142 x 5 ) • 71
1.71 min/cut of 67 cars 
.0255 min/car

Dea-ision 2 f  -*■ £

Top path X 0 = 0
Bottom path x ^2 10 1 = 0.25 x .147 = . 0 3 6 8

Total = . 0 3 6 8 min/car.

Block 2.11

T2 11 5 = ‘ min//car- 

Total Savings — Step 2
.0255 
.0368 
• 097
. 1 5 9 min/car .

3



B o l t  B e r a n e k  a n d  Newman I n c

STEP #3. PULL DOWN 

Block 3.2

T- p , Release HB (5 cars)
3 3  RHB .142

Walk .2
.342
x 5
1.71 min/cut

Assume 22 cars/cut

Therefore = .0777 min/car.

Decision 3a + z

Pi: = . 85 (Mechanicsville data)
P

2
= .10 (Assumption)

P  3
= . 01 (Assumption)

P = . 0 1 . (Assumption)

p  5
= 0 (Mechanicsville data)

Ps = . 01 (Assumption)

P7 = . 0004 (Mechanicsville data)
P

8
= . 0196 (Assumption) .

Assume remote uncoupler eliminates closed knuckle rebound and by 
passes. Also assume

T3-6 = T3-8 = 2 mln

Then

4



B o l t  B e r a n e k  a n d  Newman I n c .

T, , , = P], X T, c + ¥ r X T p total 4 3-6 6 3*o
= .01 x 2 + .01 x 2 

= .04 min/car .

Deo'ision 3b -> £
• PY • 33

PN .67

Top path (set 5 HB)
SHB .464 

W ^2__
.664
x 6

Walkback
OK

3.-32 mln/cut
1.00 mln/cut 
. 1

4.42 min/cut
4.42 min/cut 
22 cars/cut .33) .0663 mln/ave car.

Bottom path
T = P^ x 0K = .67 x .097 = . 0 6 5 mln/ave cut

or = .003 mln/ave car

Total = .0663 + .003 = . 0 6 9 3 mln/car.

5



B o l t  B e r a n e k  a n d  Newman I n c .

Block

Block

Block

Total

D e c is io n  3c 2

Assume = 1-0

Time = OAC + Walk + CAC + OK 
= .357 + .2 + .2 + .097 
= .85^ min/train

Time .854
67 .0127 min/car

3.15

T ~ .357 min/car (OAC time) .

D e c is io n  3d

Assume yard air is used to charge train.

3.19

T = = * glp = .0 05 min/car.

3.21

Release 5 HB (same as 2.2) = .0255 min/car.

—  Step 3

Block 3-2 
Dec 3a -*• 2 
Dec 3b -*■ 2 
Dec 3c E 
Block 3.15 
Block 3-19 Block 3.21

.0777 min/car

. 04

.0693

. 0127

.357. 005

.0255

. 5 8 7 2 min/car.

6



I B o l t  B e r a n e k  a n d  Newman I n c .

STEP #4. POWER BRAKE TEST

No savings.

Total Savings

Step #1 
Step #2 
Step #3 
Step

0.263 min/car 
.159 
.587 

0.0
1.009 min/car.

Labor

Since 300 mil cars are classified annually1

Labor savings men
crew 1.0 min

car X  300 X 106 cars
yr

1
120,000 min/man year

= 7500 man years/yr

or 7500 man years * 22,000 ^n^'year “= $ 1 6 5 million/year of 
labor costs.

JPetracek, et a l . 3 "Railroad Classification Yard Technology," 
FRA/ORD-7 6/3 0 4 .
21978 Yearbook of Railroad Pacts, p. 58.

7



PRELIMINARY

YARD OPERATIONAL INFORMATION QUESTIONNAIRE

f

I

BACKGROUND

Railroad: _______ ______ ________ ________. ___________ _____________ __________

Name of Person Answering Questionnaire:__________ .___ ___________________ _̂____ .

Yard Name:____________ _____ ___________________________________ ____________________

Yard Type (check one)

Classification - Flat | j

Classification - Hump j

Industrial | j

Average daily number of inbound trains:_______________________________ __________

Average daily number of outbound trains:________________________________________

Average daily number of cars handled:____________ __________ - _________________

OPERATIONAL QUESTIONS

1. For inbound trains, what percentage are yarded:

• directly?_________

• in two blocks?________

• in more than two blocks?________

2. What percentage of cabooses of inbound trains remain with cars when train
is yarded? ________________. _________________________________.____________

3. When a cut of cars is moved to a switch or hump lead, what percentage of 
the time does it have to be uncoupled from remaining cars?________________

4. What percentage of cars require special handling during classification?

1



I

?lat
Switching 6. 
Only

7.

" 5 .

8.

9.

10.

11.

For what percentage of cars will a trainman cross over and open knuckle 
during kicking or humping operations?__________________________

On the average, how many cars are kicked before the switch engine backs 
the cut to resume switching?_________ ___________________________________ _

What percentage of humped or kicked cars require a brakeman to ride on 
the car and set the handbrake?__________________________ ._______ ;__________

What percentage of humped or kicked cars are found in the following 
condition on classification tracks?

Coupled? ___________________ ______

Stopped Short?_____________________

Rebound (open knuckle) ?___________

Rebound (closed knuckle) ?_________

Coupler bypass ( h i - l o ) ? _______

Coupler bypass (side)?____________

Broken coupler?____________________

Miscoupled for other reasons?_____

On the average, how many blocks make up an outbound t r a i n ? __________

What percentage of outbound trains have cabooses?_______________________

Are brakes changed by (check one): 

road locomotives

yard air j j

switch engines j j

12. What percentage of power brake tests fail because

a. brake pipe pressure at rear of train is not greater than 60 psi and
within 15 psi of feed valve pressure?________________________________

b. The leakage rate is greater than 5 lb/min?_________________________

2



c. One or more cars fails brake application/release inspection?

d. Other reasons related to the brake system?___________________

3



A V E R A G E  Y E A R L Y  M A X I M U M  P O T E N T I A L  

B R A K I N G  A N D  C O U P L I N G  C O S T  S A V I N G S

A v e r a g e  E q u i p m e n t  a n d  T r a c k  D a m a g e 5 3 , 6 4 2 , 0 0 0

A v e r a g e  L o s t  W a g e s  ( A c c i d e n t ) 1 8 7 , 0 0 0

A v e r a g e  L o s t  W a g e s  ( I n c i d e n t ) 8 9 8 , 0 0 0

A v e r a g e  L a d i n g  D a m a g e 1 6 , 0 0 0 , 0 0 0

A v e r a g e  T o t a l  A c c i d e n t  C o s t 7 0 , 7 2 7 * 0 0 0

A v e r a g e  F a t a l i t i e s I I



OBJECTIVES OF FINANCIAL MODEL

•  E s t i m a t e s  A m o u n t  A v a i l a b l e  F o r  

F l e e t  C o n v e r s i o n

*  E s t i m a t e s  V a l u e  o f  S y s t e m  

t o  I n d i v i d u a l  R a i l r o a d s



SPECIFICATIONS

N e t  P r e s e n t  V a l u e  ( N P V )  M o d e l

D i s c o u n t s  S t r e a m  o f  C a s h  F l o w s :

n

N P V  =  2
C t

t * o  ( 1  +  K ) f

W h e r e

C t  =  A f t e r - T a x  C a s h  F l o w  

G e n e r a t e d  B y  P r o j e c t

a t  T i m e  t

K =  D i s c o u n t  R a t e , o r  " C o s t  

o f  C a p i t a l "



CASH FLOW PARAMETERS

•  S a v i n g s  F r o m  A d v a n c e d  S y s t e m

R e d u c e d  T r a n s p o r t a t i o n  L a b o r  

M o r e  E f f i c i e n t  C a r  U t i l i z a t i o n  

R e d u c e d  E q u i p m e n t  8  L a d i n g  D a m a g e

•  C o s t  o f  C a r  R e t r o  F i t

•  I n c r e m e n t a l  S y s t e m  C o s t  o n  N e w  C a r s

•  I n v e s t m e n t  T a x  C r e d i t s

•  T a x  S h i e l d s  o n  D e p r e c i a t i o n



MODEL VARIABLES

Y e a r s  C a s h  F l o w s  t o  b e  C a l c u l a t e d

Y e a r s  t o  S y s t e m  C o m p a t a b i l i t y

N u m b e r  o f  C a r s  i n  S y s t e m

F r a c t i o n  o f  C a r s  R e p l a c e d  P e r  Y e a r

F r a c t i o n  o f  R e t r o f i t  C o s t  P e r  N e w  C a r  P r o d u c t i o n

L a b o r  S a v i n g s  P e r  Y e a r  S u b j e c t  t o  U n i o n  P a y  O u t

N u m b e r  o f  Y e a r s  o f  U n i o n  P a y  O u t

F r a c t i o n  o f  L a b o r  S a v i n g s  P a i d  t o  U n i o n



MODEL VARIABLES ( Continued)

S a v i n g s  N o t  S u b j e c t  t o  U n i o n  P a y  O u t  

F e d e r a l  T a x  R a t e

F r a c t i o n  o f  I n v e s t m e n t s  D e d u c t a b l e  f o r  I T C  

M a t e r i a l s  / L a b o r  I n f l a t i o n  R a t e s  

A s s e t  L i f e  T i m e

D e p r e c i a t i o n  M e t h o d

-  S t r a i g h t  L i n e

-  D o u b l e  D e c l i n i n g  B a l a n c e

-  S u m  Y e a r s  D i g i t s



EXAMPLE OF QUESTIONS ASKED BY MODEL

- T H I S  I S  FT M O D E L  T O  ■ E S T I M A T E *  T H E  AM O UNT T H A T  CRN 
EE.  S P E N T  P E P  F R E I G H T  CAR -FOR A D V A N C E D  B R A K I N G  
AND C O U P L I N b . .
F O R  HOW M ANY Y E A R S  S H O U L D  T H E  CA SH FLO W S B E  C A L C U L A T E D ? £  
HOW M ANY Y E A R S  D D E S  T H E  S Y S T E M  T A K E  TO B E C O M E  C O M P A T I B L E  
HOW M ANY C A R S  A R E  I N  T H E  S Y S T E M ? 1 7 0 0 0 0 0
WHAT F R A C T I O N  OF TH E.  C A R S  H A V E  TO BE  R E P L A C E D  EACH-  Y E A R ?  
W HA T F R A C T I O N  OF R E T R O F I T , C O S T  I S  R E Q U I R E D  FD R  
NEW P R O D U C T I O N  C P ER '  C A R } ? . . 5  
F R A C T I O N ^  5 0 . 0 *
I S  T H I S  C O R R E C T ? Y E S  ^
W HA T I S  T H E  L A B O R  S A V I N G S  P E R  Y E A R  T H A T  I S  
S U B J E C T  TO. U N I O N  P A Y D U T ? £ 6 5 0 0 0 0 0 0
F D R  HDW M A N Y  Y E A R S  W I L L .  S A V I N G S -  BE  P A I D  TO T H E  U N I O N ? !  0 
WHAT F R A C T I O N  O F  L A B O R  S A V I N G S  AR E P A I D  T D  T H E  U N I O N ? .  £5.  
WHAT I S  T H E  A N N U A L  S A V I N G S  N O T S U B J E C T  TD 
U N I O N  P A Y O U T ? i  5 0 0 0 0 0 0
WHA T I S  T H E  T A X  R A T E  FO R  T H E  R A I L R O A D  I N D U S T R Y ? . 4 6  
WHAT F R A C T I O N  OF I N V E S T M E N T S  A R E  D E D U C T I B L E  FOR 
I N V E S T M E N T  T A X  C R E D I T ? . 1 
WHA T . I S  T H E  I N F L A T I O N  R A T E .  F O R :
M A T E R I A L S  C I N  P E R C E N T : - ? !  0 
L A B O R  I N  P E R C E N T )  ? 8 . 7
S A V I N G S  N O T  S U B J E C T  TO U N I O N  P A Y O U T  C I N  P E R C E N T ) ? 1 0
WHAT I S  T H E  L I F E T I M E  O F  THE.  A S S E T ? 1 6
W H I C H  M E T H O D  O F  D E P R E C I A T I O N  DO YOU WANT TO U S E ?

S T R A I G H T  - S T R A I G H T  L I N E
D O U B L E  —D D U E L E  D E C L I N I N G  B A L A N C E

- SUM . - —S U M - O F - Y E  ARC D I b T T S  _____



ASSUMPTIONS FOR 265M CURVE

V A R I A B L E KEYWO RD C U R R E N T  V A L U E
NU M B ER OF Y E A R S I N  A N A L Y S I S L I M I T £ 5 :
Y E A R S . B E F O R E '  SYS TE M  I S  C O M P A T I B L E C O M P A T I B L E e r r._i.
NUMB ER  O F  - C A R S . N U M B E R 1 7  0 0 0 0 0  ,  0 0 0
A T T R I T I O N -  R A T E A T T R I T I O N 0 . 0 3 7
NEW C O S T  O F  E Q U I P M E N T F R A C T I O N 0 .  5  0 0
I N V E S T M E N T  T R Y  C R E D  I T I N V E S T M E N T 0 .  1 0 O'
T R Y  R A T E T A X 0 . 4 6 0
L O S S  TO U N I O N U N I O N 0 .  £ 5  0
L A B O R  S A V I N A S S A V I N G S £ 6 5 0 0 0 0 0 0 . 0 0 0
Y E A R S  S A V I N G S  A R E  L O S T . T O  U N I O N L O S E 1 0
O T H E R  S A V I N G S O T H E R 1 5 0 0 0 0 0 0 . 0 0 0
I N F L A T I O N ; I N F L A T I O N

M A T E R I A L S 1 .  1 0 0
L A B O R 1 .  0 3 7
O T H E R 1 . .  1 0 0

M I N I M U M  D I S C O U N T R A T E  - R A T E S 5
M A X I M U M  D I S C O U N T R A T E  , • R A T E S O c

D E P R E C I A T I O N D E P R E C I A T I O N
L I F E T I M E D F  A S S E T S 1 6
SUM D F  Y E A R S  D I G I T S  D E A R E C I A T T O N  U S E D .
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PRELIMINARY IDENTIFICATION OF EXISTING COMPONENTS

BASELINE ALTERNATIVE

Coupler Type E 1. Type F
2. Type E with Shelves

Broke Valve ABDW

Brake Cylinder Car-Mounted Truck Mounted

Brake Shoes Cast Iron 1. High-Phos
2. Composition
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T R A IN  C O N TR O L SUBSYSTEMS



TABLE 2 .8  BRAKING AND COUPLING SUBSYSTEMS FOR CONVENTIONAL FREIGHT SYSTEMS 
AND FOR AN ATCS.

Subsystems Freight System Candidate Components and Subsystems For An 
Advanced Train Control System*

1. Human Operator(s) Engineman
Brakeman
Conductor

(Same)

Automatic brakes Automatic brake valve 1. Valve system

2. Command Independent brakes Independent brake valve 2. Two-lever force/slack  system with mini-computer

Dynamic brakes Braking lever

3. Signal
Transmission Brake pipe

1. E lectrica l wires
2. Radio link

Automatic brakes Air gauge — brake pipe 
at locomotive

1. Gauges and meters

4. Monitoring and 
Display

Independent brakes Air gauge — locomotive 
brake cylinder

2. Digital readout of car condition variables

Dynamic brakes Brake current indicat­
ing meter

Drawbar pull Load indicating meter

Speed Speedometer

5. Power Source

Pneumatic Air compressor and 
main reservoir (Same)

E lectrical - 1. Locomotive generator
2 ,  Car-mounted alternator

6. Power
Transmission

Pneumatic Brake pipe (Same)

E lectrical E lectrical wires

Energy storage Auxiliary and emergency 
reservoirs

1. Reservoirs
2. Battery

Controller Control valve 1. Electronic control unit
2. Servo valve

7. Car Brake 
Control Force actuator Brake cylinder 1. Pneumatic/mechanical brake cylinder

2. Pneumatic/hydraulic brake cylinder

Force transmission Foundation brake r ig -
ginR

1. Linkages
2. Hydraulic brake line

Force application Shoes/wheel (Same)

8. Other Command, Monitoring and 
Display

1. Coupler command and monitoring
2. Coupler position monitoring
3. Car condition monitoring

-  wheel s lip
-  bearing vibration
-  refrigeration  temperature
-  tank pressure



FEEDBACK 
LINE

FIG. 2 ,1 9 . CANDIDATE ELECTRO/PNEUMATIC/HYDRAULIC FREIGHT CAR CONTROL SYSTEM
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PRELIMINARY IDENTIFICATION OF INNOVATIVE 
COMPONENTS AND CONCEPTS

1. Knuckle Open

2 . Coupler Centering and 
Positioning Devices

3 . Automatic Airline 
Connection

4 . Load Empty and Load 
Proportional Devices

5 . Non-compatible Coupler 
(Willison, Horn 8 t Funnel)

6 .  Locomotive-controlled Coupler

7 . Locomotive-controlled 
Angle Cock

8 . Electronically Controlled 
Brakes

9 . Train Condition Sensors

1. Increase Gathering Range
2 . Eliminate Trainman Crossover

• Less Coupler Bypass

• Eliminate Manual Hose Coupling

• Faster Stopping
• Lower Buff and Draft Forces

• Gathering Range
• Electrical Connection
® Eliminate Pin Puller

•  Labor

• Faster Stopping
• Remote Hand Brakes 
® Automatic Bleed
® Reduce Accidents
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