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e Program Background and Objectives

® Program Review
- Methodology and Data Base
- Existing Equipment
- Innovative Concepts

e Additional Discussion



PROGRAM OBJECTIVES

e Advanced Brakihg and Coupling Concept Development
and Evaluation to Increase Railroad Profitability

e An R & D Plan for the Developmentzund Implementation
of Advanced Braking and Coupling Systems
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EXAMPLE

IMPLEMENT REMQTE UNCOUPLING, REMOTE HAND BRAKE
APPLICATION, AND REMOTE ANGLE COCK CONTROL

STEP #1. YARD TRAIN
Savings for Path Through Block 1.2

T1.2;3 Set hand brakes on 5 cars
SHB! U464 min
Walk? .2
.6614
X 5
S . 3.32 min.
T1 2.3a Trainman returns from setting brakes
Walk .2
X
1.00 min.
T1.2.M Close loco angle cock
CAC 2 .2
Tl.2.5 Pull pin
0K 1 .1
- 4.62 min
Probability for top path P1 = .5

2.31 min average/train.

lvalues of crew work elements are from p. 114 of Phase I% report.
Walk at 3 mph = 4.4 Pt/sec = 0.2 min.car.
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Savings for Path Through Blocks 1.1, 1.3

1.1
Ty 1. 1 Trainman walks 1/2 mile 10 min
Tl.l.2 Close angle cock .2
Tl.l.u Pull pin (OK) 1
Tl 1.7 Return trainman - 1/2 mile 10 min
' 20.3 min.
1.3 (Same as block 1.2) 4.62 min
1.4 Tl.M.S Open loco angle cock .36
1.5 (Same as block 1.2) 4,62 min
Total 29.9 min
P, = _0.5
14.95 min/average train
Assume PY = 1.0 at Decision 1b

Total Savings - Step 1
2.31
14.95 _
17.26 min/train

or ';%?%é = 0.263 min/car classified!?.

167 cars/train - 1978 Yearbook of Railroad Facts, p. 39.
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STEP #2. CLASSIFY 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
2.2
T2.2.1 Walk 5 cars (5 x .2)' 1 min
T2.2.2 RHB (.1l42 x 5) .71
1.71 min/cut of 67 cars
.0255 min/car
Decision 2f -~ L
.Top path PN.X 0=20
Bottom path PY X T2.lO.l = 0.25 x .147 = .0368
Total = .0368 min/car.
Block 2.11
T2.ll.5 = .097 min/car.

Total Savings — Step 2

.0255
.0368

. 097
.159 min/car
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STEP #3. PULL DOWN

Block 3.2
’1‘3.2.3 Release HBR (5 cars)
RHB .142
Walk .2
.342
X 5

1.71 min/cut

Assume 22 cars/cut

Therefore légl = .0777 min/car.
Decision 3a + &

P = .85 (Mechanicsville data)
P2 = .10 (Assumption)

P, = .01 (Assumption)

Pl+ = .01. (Assumption)

P.= 0 (Mechanicsville data)
P, = .01 (Assumption)

P, = .0004 (Mechanicsville data)
P = .0196 (Assumption)

Assume remote uncoupler eliminates closed knuckle rebound and by-

passes. Also assume

Then



total

.01 x 2 +

Decistion 3b - L

PY=
PN =
Top path (set 5 HB)
SHB .46l
W .2
.664
x 5
Walkback
OK
4,42 min/cut - _
O 3% cars/cut (PY = .33) =
Bottom path
T = PN x OK = .67 x .097
. 065
or 55
Total = .0663 + .003

PMXT3.6+P6XT

Bolt Beranek and Newman Inc.

3.8

.01 x 2

.04 min/car .

.33

.67

3.32 min/cut
1.00 min/cut
.1

4,42 min/cut

.0663 min/ave car.

.065 min/ave cut

.OO? min/ave car

.0693 min/car.
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Decision 3¢ -+ I

Assume PY = 1.0
Time = 0AC + Walk + CAC + OK
= 357 + .2 + .2 + .097
= .854 min/train
Time = ;%%E = ,0127 min/car
Block 3.15

T » .357 min/car (OAC time) .

Decision 3d

Assume yard air is used to charge train.

Block 3.19

T = 9%% = ;%%Z = 005 min/car.

Block 3.21

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

Total — Step 3

Block 3.2 L0777 min/car
Dec 3a -~ & .04

Dec 3b » L .0693

Dec 3c =+ L .0127

Block 3.15 .357

Block 3.19 . 005

Block 3.21 .0255

.5872 min/car.
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STEP #4. POWER BRAKE TEST

No savings.

Total Savings

Step #1 0.263 min/car
Step #2 .159

Step #3 .587

Step #14 0.0

1.009 min/car.

Labor

Since 300 mil cars are classified annually!

men 1.0 min x 300 x 106 cars

vin .
Labor savings T car T

1l
W)

1

X m min/man year

7500 man years/yr

" dollars?

or 7500 man years X 22,000 man year = $165 million/year of

labor costs.

lPetracek, et al., "Railroad Classification Yard Technology,"
FRA/ORD-76/304,

21978 Yearbook of Railroad Facts, p. 58.



PRELIMINARY
YARD OPERATIONAL INFORMATION QUESTIONNAIRE

BACKGROUND

Railroad:

Name of Person Answering Questionnaire:

Yard Name:

Yard Type (check one)

Classification - Flat

Classification - Hump

Industrial

Average daily number of inbound trains:

Average daily number of outbound trains:

Average daily number of cars handled:

OPERATIONAL QUESTIONS
1. For inbouna trains, what percentage are yarded:
. directlf?
°>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?




5.
flat

switching 6.
Only

10.

‘ 11,

12.

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 (hi-1lo)?

Coupler bypass (side)?

Broken coupler?

Miscoupled for other reasons?

On the average, how many blocks make up an outbound train?

What percentage of outbound trains have cabooses?

Are brakes changed by (check one):

road locomotives

yard air

switch engines

What percentage of power brake tests fail because

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

b.  The leakage rate is greater than 5 1b/min?




One or more cars fails brake application/release inspection?

Other reasons related to the brake system?

——— et




'AVERAGE YEARLY MAXIMUM POTENTIAL
BRAKING AND COUPLING COST SAVINGS

Average Equipment and Track Damage 53,642,000

Average Lost Wages (Accident) 187,000
Average Lost Wages (Incident) 898,000
Average Lading Damag.e 16,000,000
Average Total Accident Cost 70,727,000

Average Fatalities | -



OBJECTIVES OF FINANCIAL MODEL

e Estimates Amount Available For
Fleet Conversion

e Estimates Value of System
to Individual Railroads



SPECIFICATIONS

Net Present Value (NPV) Modél
Discounts Stream of Cash Flows:

D Ct
>
tzo (1+K)!

NPV =

Where
Ct= After-Tax CashFlow
Generated By Project

at Time t

K = Discount Rate,or "Cost
of Capital"



- CASH FLOW PARAMETERS

Savings From Advanced SySiem
Reduced Transportation Labor
More Efficient Car Utilization

Reduced Equipment & Lading Damage
Cost of Car Retro Fit
Incremental System Cost on New Cars
Investment Tax Credits

Tax Shields on Depreciation



\ ’

MODEL VARIABLES

Years Cash Flows to be Calculated

Years to System Compotability

Number of Cars in System

" Fraction of Cars Replaced Per Year

Fraction of Retrofit Cost Per New Car Production
Labor Savings Per Year Subject to Union Pay Out

Number of Years of Union Pay Out

Fraction of Labor Savings Paid to Union



MODEL VARIABLES (Continued)

Savings Not Subject to Union Pay Out
Federal Tax Rate

Fraction of Invesiments D.ed:uctable for ITC
Materials / Labor Inflation Rates

Asset Life Time

Depreciation Method
— Straight Line
~ Double Declining Balance
- Sum Years Digits



EXAMPLE OF QUESTIONS ASKED BY MODEL

THIZ IE HDDFL TD E'TIHHTE THE HHDHHT THHT LRM
EE. "F:HT FER FREIGHT CHRE FDF AOVAMCED BRAKIMG
AMD COURPLIMG.
FOR ROW MAMY YEARREZT SHOULD THE CAZH FLOW: EE CALCULATEDTES
HOW MAMY YERREZ DOEE THE . 2¥ETEM TAKE TO EBECOME COMPRTIEBLETS
HOW MAMY CAREE ARE IM THE EYWETEMT1Y 00000

WHAT FRARCTIOM OF THE. CAR:Z HAVE TO BEE REPLACED EACH YEARRTY. O3V
WHAT FEACTION OF RETROFIT COZT IZ REQUIRED FOR ‘
- HEW PRODUCTION CFER CAR:T.D

FEACTIOM= 30.0% '

1% THIZ CORRECTFYES e :
MHAT I% THE LAEOR =AYMIMEE: PER YERR THART I=
ZUBJECT 7O UdIOW PARYOUTYSSO00000

FOR HOW mMAMY YERRE WILL ZAMIMGE BE FPAID TO THE UMIOMTIO
WHET FRACTION OF LABOR ZAYIMGE ARE PRID TO THE UMIONT.Z2S
WHAT IE THE AMAUARL ZAVIMGE MOT ZUEBJECT TO

JHI0OM PRYOUTTISOO00G00

WHAT 13 THE TR REARTE FOR THE FHILFDHD IMDETREY Y. 46

WHAT FRACTIOW OF IMYESTHMEMTE AREE LEDUCTIELE FOR
IMWEETHMENT TARH CREDITY.LL

WHAET I3 THE IMFLATIOM RATE FOR:

MATERIALE dIM FPERCEMT2> Y10

LAEOR <IN FERCEMTITE.V C :

EAVIMGE HMOT EUBJECT TO UMIOM PAYOUT <IM FEECEMT> Y10
WHAT I% THE LIFETIME OF THE REZETTIG

WHICH METHOD OF DEFRECIATION DO vOU WARHT TO UZEY

’TFHIHHT '"“_JTETEHIGHT LIME
'i;DDUELE. . -DOUELE DECLIMIMG EALAMCE

UM T =EUM-OR YERRE DIGITE



YRR IAELE
HUMEER OF

YERR
TEARE  BEFORE =
MUMEER OF -CRREZ
ATTREITION RRTE

ASSUMPTIONS FOR 265M CURVE

. U

T IM AMALYZIS

- MEW COET OF EQUIPMEMT -

IMYESTHENT TH:

TH= ERTE

Loz 10 UrI0M
LABOR ZAWIMGE
TYEARRS ZAVIMGEE
OTHER ZAVIMEE
INFLATION:

CREEDIT

RRE LOST.TO UMIOHN

MATERIALE -

LAEOR
OTHER

MIMIMUM DIEEDUHT RATE
MASIMUM DIZCOUMT RRTE .

DEFRECIATION

LIFETINME OF AZZETS

stn OF

YEARE DIGITE LEFRECIATION USED.

=TEM T% COMPARTIELE

KEYWORD

LIMIT
COMPATIELE
HUMEBER

ATTRITION

FRACTION
IMVEZTHMEMT
THH

HHION-
ZRAVIMGEE
LOZE

‘OTHER:
o IMFLATION

FERTE=.
FERTEX
DEFRECIATION

CCURREMT WA

LUE

- o, 037

0. 500

. 100

(N T
0250

Cr. 100
1. 087

1.100

onon

[



J  DOLLARS
= AVAILABLE PER
S000 4 FREIGHT CAR . | EVEL OF

SAVINGS

4700

k%1%

2,00

200

s 16 18 20 25 DISCOUNT =



PRELIMINARY IDENTIFICATION OF EXISTING COMPONENTS

BASELINE ALTERNATIVE
Coupler Type E . Type F
2. Type E with Shelves
Brake Valve ABDW
Brake Cylinder Car-Mounted Truck Mounted
Brake Shoes Cast lron 1. High-Phos

2. Composition




BLOCK DIAGRAM OF
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TRAIN CONTROL SUBSYSTEMS

3. SIGNAL
TRANSMISSIO 1

P

4. MONITORING | |7 CAR
AND i @®BRAKE CONTROL

DISPLAY ®OTHER FUNCTIONS

6. POWER I
TRANSMISSION




i e g s e

e o e v vy

TABLE 2.8 BRAKING AND COUPLING SUBSYSTEMS FOR CONVENTIONAL FREIGHT SYSTEMS

AND FOR AN ATCS.

» Candidate Components and Subsystems For An
Subsystems Freight System Advanced Train Control System
1. Human Operator(s) Eng ineman (Same)
Brakeman
Conductor
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 1. Electrical wires
Transmission Brake pipe 2. Radfo link
Automatic brakes Alr gauge — brake pipe 1. Gauges and meters
at locomotive :
Independent brakes Alr gauge — locomotive 2, Digital readout of car condition variables
4, Monitoring and brake cylinder
. Display
Dynamic brakes Brake current indicat-
ing meter
Drawbar pull Load indicating meter
Speed Speedometer
Pneumatic Alr compressor and
(Same)
main reservoir
5. Power Source
Electrical - 1. Locomotive generator
2. Car-mounted alternmator
Pneumatic Brake pipe (Same)
| 6. Power
Transmission Electrical Electrical wires
Energy storage Auxiliary and emergency 1. Reservoirs
reservoirs 2. Battery
- Controller Control valve 1. Electronic control unit
2. Servo valve
7. CaEOEESS; Force actuator Brake cylinder 1. Pneumatic/mechanical brake cylinder
2. Pneumatic/hydraulic brake cylinder
Force transmission Foundation brake rig- 1. Linkages
ging 2. Hydraulic brake line
Force application Shoes/wheel (Samé)
8. Other Command, Monitoring and 1. éoupler command and monitoring
Display 2. Coupler position monitoring
3. Car condition monitoring
~ wheel slip
-~ bearing vibration
~ refriperation temperature
- tank pressure




COMBINED AUXILIARY

CAR WEIGHT AND EMERGENCY RESERVOIR
OR LOAD /EMPTY
. SENSOR —
LOCOMOTIVE
g COMMAND [ -
COMMAND |~~~ ™ ELECTRONIC SERVO -
UNIT e L : CONTROLLER VALVE
' STATUS 5 3/4 in. EMERGENCY
REPORT ’ I RESERVOIR.PIPE
COLLECTOR AND —
. 3/4 in. AUXILIARY
SG#NCCL%S:(".“_‘”/ RESERVOIR PIPE ANGLE COCK
1in. BRANCH PIPE / 1
1 1/4 in. BRAKE PIP
e /4 in. BRAKE PIPE /
(o) aIgSBERAKE
COUPLER
CONDITION 3/4 in. BRAKE HYDRAULIC
SIGNAL —>» CYLINDER PIPE-3 . BRAKE LINE
COUPLER )
. - L BRAKE
SHOE
T
UNCOUPLER BRAKE HYDRAULIC
LINE
FIG. 2.19. 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 Emptyand Load
Proportional Devices

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

6. Locomotive - controlled Coupler

7. Locomotive -controlled
Angle Cock

8. Electronically Controlled
Brakes

9, Train Condition Sensors

l. Increase Gathering Range
2.Eliminate Trainman Crossover

e Less Coupler Bypass
‘e Eliminate Manual Hose Coupling

* Faster Stopping |
o | ower Buff and Draft Forces

e Gathering Range
® Electrical Connection

e Eliminate Pin Puller
e | abor

¢ Faster Stop'ping
o Remote Hand Brakes
e Automatic Bleed

e Reduce Accidents




J

3 Pick

AN AReES
AT (NDUSTRIAL
SiDIvG

UP  AND

WHRITIWG

TO B

PickeD
cP

ReRe EAD oF
TRAN

DELIVE Ry

1

[, POS Mo TeammaAan) AT REARR COT
2. CLOSE TEAINW ANGLE CCCe

3. PoLL P

4. DIGNAL START

5, O(\)CC;O PLE Ches

P

Pucl TRAIN TG TURNOUT
Y CET S ATOW e e

!
. :‘\‘ -
BMACE, SURE “CARS ARE LERDY

¢ SIGNARL START

5 BRCK OO SIDinG

G SlenAL SToe -

77 LOOPLE,; TO WAITING CARS

&, CHECK + RELeEnss HAMD ERALES

7. CCPONECT AR LIVES AR PORITION
10 ARGLE Calks

Ul CHARGE RRALES

12, Pole CUT T Mawg Clve

{3 SET SwiCH

lLanceTe PRrRoeER
LOCATIOIN

-

a

1, POSITION TEAN MARY AT RERT

OF LRSS T BE ST OUT

R TLO=E TRAUIN ANGUES COCES =

A Pou P
d4. SEMvAC STRET
5 Uncourcs <haea

5. Pl COoT PAST TTURNCUT

.

Lo

1O,
‘i

Y Sdo TS
SEOT cres
SterAL SR

SET RAND 2Races

L CCEE AGLE Coaes

12, PuLe £l

=
1S

(4.

t5

e

L. SlIGERRL START

LNRCTEL PLE ches
P, QO To i
2ET 2WITCH

N,

fite

L CpRs ’ ,
A ~ P\(

AN

TR

I CRARGE BoALES,

)y —

. Sl Stov

Coovee CRLS
coroneny e CIHIvES

L OPEy RNGLE A

OIERY

PosTiofd TRRIUMAN /AT WAHETIVG CARS

.__v..._.w..l.._.., .ﬂ.

|. RPPLY 1H 1PS. B.P BERUCE
RepocTicro '
':l. LAE fpeace URLugs

2 MNeasevers LEAKAGCE RaTte

. ANSPec+ TeRn
2. Ful PEORLEM
2. CHARGE BLAKes

| BPPLY FULL SERUICE ReDOCTION
2. ARSPECT ew CRed D RERE

L 205PecT TeArY
"L F i PRoexzEaN.
2 LHAELGE BRAxeES

7] Cac TO EN%URE AT GuAres
nedLY '

|, Releprse BrAKES

2 LOANSPECT NEW €S + RENC
ChB TO ENSOEE THAT BEACES
CELEREED

1. 3NSPecT TeAwn)

2., Fix PRoBRL=EM
2 CHnRGE BerceS

e Nt e it e

Peoceen )

L3osecet leaing
2. FiX PROBLENS
3, APRLY DLRALES




\

l@U(\)xT L , TENN—-—#V

’CCNS&DGE@CS B

L0 LBS v ,
Wt 5 (BS .

OF Fe=0 LALVE

[ APPLY 1585 B P eeDicTiciy
2. LE BRAKE UALLES
3 MENRSVRE  LEALRGE RNTE

2. BIX PeoBLem

{, 1NSPECT TEAIN

32, CHARGE BeREES

¥ PowseR BRAKE

 ananl

7 &TA

7-"‘

| Bl SeeuicE esDueToN

| IN3PECT oA,
2. F (v freosEmM
2 CHARSE BRREES

| Thosvect ~rean Eom—.

|, PROPER. ANKG(E GOCK ROSITION
2 BeReE QPPLICATICN G &fcu AR

e D, CORRECT PTON TRAVEL

4. BRAKE RICGING NOT FOOLED
£ BERKE EQUIPEMENYT PROPSRLY Secoeed

| PELEPEE BRACES
QAINSPECT AN FoO -
PEEPSED BRALES

. zroseecT teiin
L 2. 71X PrOBLEM

2, (CHRCEE SRAKES




E VAT
i

FCONSIDERE

¥

¥

}
:

4 CoT >

CHR —= COT - TEPAIN —D

[ 3.3

[ l.couPLeD

I. --3;7 .

. 3. U.C. (SToPreD S WoeT)

o COLPLE ‘

l 3.5

' |2 U.C. (CEBDUND OREn-£)
‘. o - 3.6 : 3,/2. c - [; (VIE CREAABE T END OF TeAInd L2208 -
l SR < Y T o Y 3_'7', 4. O.C (Reecomb cULCSeD- <) A.SIENRL STOL - Torga d :
T B . LT T e - cooPLEe \ 3. [.SeT HAnvDeereEs| SHE T2y 3 (OUPLE CRBOOSE 16 CARS Buq.3 (.SET BLOE FLAGD Taisu
l S ,vl-mc,\)_sgsel“f@“ ENGInE - » L [.SlehAL swrof | s [.MOVE BLOCK T DEMRTLERE] 2. ALl IR oK - 4. CornEct Be unes, Aud Tomd Lol 2 LPCE RUE HoSES CH T e
o e N TO CRSS TTRRCI. . ?"'( A, COUPLE. &GINE T (=AD CAR. '3’7 ' , TeACK ‘ - 3, SGRAL STAET T‘ EOREN BNLE COCKS, leac Taugx 3 .0PEN PNGLE (OCRS OAC 7"'-" "
SRR R RO | 3, CeLEnsE hawDeRAres | 5. 0C. (ByPass- He/co) : Y, ORCAUPLE CARS o123 & Clese AueLE docks Betwae ¢ 4 %06 4, CLOSE END ALELEacce | chc %53
;:I S I N o - — ccapPLE : Taara.y COROOEE + LOCE - < W : Tr5y
. 7.0 N K T304,

o 3-8 P 3,13 : &. DIGOAL START Tme

| l . |0, U.C.(BYPASS - SiDEY N [ SIGNAL STOP UYEY 9 .UM COuRLE LOCO T

iy | CoLPLE RCOOPLE TO GAMING s — 49,

i:l L A B RETERR . 3.9 _ >, RoLe einY oK 7503,3

‘ oo | , 4. SIGNAL START 7

. : 1 7 3 1. 0C, (BEOKEN) CTOPER) 33.¥

1 3 Pluire pown' e (ee | 5. onconme Cres o

co o : ' 3.0

I 3.0.C. (OTRer)

. CovPL&

i

!

b

3./6

|, MOLE @OAD LOCHIYTO
Heap oF Tean)
A DAL TP

3 COLPLE Ronp L

&

4 ipdte

4 OPEl AUGLE <OokrS
A CHRecE BBEakes,

3./7

3.79

| LOWUECT vARD aHE

2. CHRARGE RRAKES
73, DISCONNSCTT vRe D
iR

3.1

|.NOLE BORD waco(s)TO “ERD
oOF  TteaA\wN D

Q. SIGUAL =ToP

3. COOPLE RCAD (OCO(S)
4. OPETS ANGLE CCCkS

5 CHARLE Benkss

oAc

3,24

-+ RELE RSéZ)ﬁ\AmO BRAKES,

[,BRING IV YeeD emciye
TO CHARGE “TeAN

QCCONECT AR g

3 0PEN (00O AlNGLE Code

dhpeseE BRAves

SO ANVGUE CCXes

&, RemOopE (O

BeTwEE (0O - (STenR.

3. 20 e

| ,mouve LORD (.oqd(s}‘ro Hem D
CFTeAN
A SR STOC

2 3 COOPLE RORD (ocd)

4, OPEN PVGLE Cocks
5 CHARGE BRALES




7 'C'UT“‘;&

o Lnvzve o L—
- Consipered

. ’ - N

- 2.7

)
.
!

I8
'

o L MNove St EnoivesToe
RO ‘ - APPRCPRIATE RECELUING Tppck
- @ ——| A Sienar StoP -

3, COLPLE EIVGINE O CARS

2 CLASSIFICAT I0M

. N .

2.3

| WALK « RELEPSE HAND BRALES QN

R WALK * SET HANDBRAKES ON
Repa couT .

3 s TION TRANMAN T COT

. PoLc e

5. ONCOOPLE  CARS

Hom#e
YaeD
2'2 T i 2,7 C _P .
[ ALK S Zay T
CLERS [ Movs CoT TO St o
2 EEETTE #ALDBRACES Zan [ wine enD |
A
FLAT
PAaRD

cAg —=

216

ReqQuisEs—
SPeTIRL
HANDCING

2, R Pt

[, (MCiE COT FCRWARD UivtiL et
BPEAr 1S AT Homp

| RO SPEIBL HANDLING
PECeueE FoR spECiFC
CReE

= & cot
EQULIR _
SPF;% w: REQUIRE
HANDLAN G BBCK\\\)G;?

o

|, BACE CP LOCO

D ChRRS

ENOCKLE GF
END CAR

2+7

[, WAIT CQ2 BRAKEMAN)
2. BCAD +» RDE Al
3 SET HANDORRYWS

2.9

[ FOLWCS SPECING HANDLING
PEOCEOLRE TR Pl
CBsSE

Pro

&

2./0

AN
2
< < h
< ny '
~N
2.0 , . c a
I WAT FOR PN PoLLER- Zoits
2, WAIT ONTIL SW W IS T ‘ oy
2:01, 2
3 SIGMNAL STAET , ; Tounz '-
4. MOUE GOT Poew AED | B~ %
..o PN . OK Tus ‘
(.S =P ' Taune
7. SLOW T STOP BEMAWOED 7
oF cotr . ‘ 7

|

i
3
Ty

[ Cecss Qual aPan EnocwcE

{ WAT FOR BrpcemAn
2. BORBD+RIDE cAR.

- 3 - e R W= N = L R g




! CUNAT
I CCRS\DErRED

I |

{

B

(—

=\

\m‘ "\

JUArer. o

: ; ‘ C, 3
. { .
N - n .

=\
Se,

TRRN —=

TRAN
Repives

 J YARD TRAIN

S/

[, PCsaTions TRRAINMAN AT QuUT w 7/,‘/./
2 CLosE . - AneLE (oo, BT COT | CAC 7
3 RELERSE AR BRALES 7 -

sl

4 Pouw- PINV OK 7',‘,:;
5 Sioual. STaaeT 7.5
6. UNCOOPRPLE CRRS Trne
7, RETURN TRAINMAN To 5o (2 mancrs only) 702

gt

/5

/2 1
|MOLE cuT TO REUEVNG TeRCE 7/:2,/
2 SEpUICE APPLICATION 722
3 SEr HAND BEAcES on L Tew CagS |SHB Tria.3 —
o CLOSE LOXO ANV eLE Codic CAc 2Ly
5. BULe eIn oA Toar
6, SIGNAL START 7.
7. ORCCPUE LOCDOMATIVE S e
,'217
/.3 -
[, MCUE €T TG RECIEU (NG TRACIC 50 rYy —
: , _ | RETCEN LOCO() TGO LrriTiNG CARS 27,
2, SERVICE APPUCATION _ T3 2 S\GNVRC S0P g
B ST HAND BEARES S > ESW OB | SHB 733 |_gl 3 COCRLE O HERD CAR T3
o.CLOSE LOLC ANEE COo& CAC 11y Y COMUETT PR LINE CH Tty
5.pPoLe PN _ oK T4 ~ cpen LOCO PNGLE C.ock oAC -
6. SIGIVAL TRET Ting . 5
7 ONCOUPLE LOCCMUTIVES 77.3.7 | 6. CHRRGE BRAss A Trnc

[ MEUECUT TO BECIELING TRACK

A SERLICE  RPPLICATION
3. SEt kANDBRAKES on 1S Few CARS

Y, CLOHE (0Ch PNGUT Cad e

5. Puce PN
6. SGNAL START

7. QNCOUPLE oM TIiVES

SHE

CAC
oK

hd

[.BLLE FLrG TRacx

2L (AL + TSPy

2 8A0 OROCR. AS Necc.
H BLeEeD Benkss

wI
Roc
Bc

2. SlehAC S

By, COONE (%) TO CARCTTLE

. mote (Caa(s) W CreonsE

H BesD CPRRCOSE SrAaw=S

5 evl Piv
G SIGNAL STRER

7. UNCOuPLeE e

Q. RemcueE cAeon

C=E
-—
>

&

4




Program Review, Braking and Coupling
Systems Design Optimization, 1979
Bolt Beranek and Newman, Inc.




