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O Current Freight Transport
- Road
- Rall

O Future Freight Transport
- Multi modal
- Trunk Movement
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«Enterprise»
UK light freight transport

startDate
1950
endDate

«Enterprise» «Enterprise»
Current light freight transport Future light freight transport
startDate startDate
1950 2035
endDate endDate
2035 -

«Enterprise Goal» «Enterprise Goal»
Be profitable Be sustainable
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«Capability» «Capability» «Capability»
Economic sustainability Environmental sustainability Social sustainability

«block» «block»
«System» «System»

Road-based pallet network Rail pallet network
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«Capability»
Social sustainability

«Node»
«Capability» Pallet train service 2035

Environmental
sustainability

«Capability»
Economic

sustainabilit i
il «Concept Activity» «constraint»

Transport pallets by rail «Metric»
«Capability» CO2Emissions

Move 50,000 pallets
overnight

«Concept Activity» «Concept Activity» «Concept Activity»
Collection Distribution Trunk transport

«Concept Activity» «Concept Activity» «Concept Activity» «Concept Activity» «Concept Activity» «Concept Activity»

Drive from vehicle depot to Load materiel onto Assign materiel to local Unload materiel from Load materiel onto Move materiel along
collection point local vehicle movement local vehicle trunk service trunk rail route

«Concept Activity» «Concept Activity» «Concept Activity» «Concept Activity» «Concept Activity»

Drive from collection point Unload materiel from trunk Drive from distribution Determine if trunk Assign materiel to a trunk|
to aggregation point vehicle point to destination movement required movement

«Capability» «Capability» «Capability» «Capability» «Capability» «Capability»
Move materiel to aggregation point Pick up materiel from source Disaggregate incoming trunk loads [ Move materiel to destination Create aggregate loads Move ag?rrjgkatr%‘ug:ds along
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O Generic vehicles with common attributes
O Candidate solutions

- Multiple-unit vs locomotive-hauled

- Independent vs articulated bogies

- Electric vs diesel

- Projected changes in tare mass
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«block»
«Physical»
Generic rail vehicle

values
allAxles
energyStorage
installedPower
payload
pwrAxles
tareMass

«block» «block» «block» «block»
«Physical» «Physical» «Physical» «Physical»
arbod Running gea Auxiliarie Brake
] ]

@@ ]
values values values values
tareMass tareMass tareMass tareMass

«block»
«Physical»
Motor
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«block»
«Physical»
Driving Motor Van 1 (lightweight diesel)
values
allAxles
energyStorage
installedPower
payload
pwrAxles
tareMass

allAxles : Real = 4
pwrAxles : Real = 2
installedPower : kW = 500
tareMass : kg = 25000
payload : kg = 28000
energyStorage : MJ =0

«block»
«Physical»
4-car lightweight FDEMU

values
maxServiceSpeed
poweredAxleRotationModifier
powerSystem\Waste
resistanceDavisA
resistanceDavisB
resistanceDavisC
trailingAxleRotationModifier

trailingAxleRotationModifier : Real = 0.05
poweredAxleRotationModifier : Real = 0.2
maxServiceSpeed : km/h = 200
resistanceDavisA : kN = 3.48
resistanceDavisB : kN/(m/s) = 0.033
resistanceDavisC : kN/(m/s)*2 = 0.0054
powerSystemWaste : Real = 3.3333

«block» «block»
«Physical» «Physical»
or Van 1 (lightweight diesel)! Motor Van 2 (lightweight diesel)

values
allAxles
energyStorage
installedPower
payload
pwrAxles
tareMass

allAxles : Real = 4
pwrAxles : Real = 2
installedPower : kW = 500
tareMass : kg = 25000
payload : kg = 28000
energyStorage : MJ =0

values
allAxles
energyStorage
installedPower

allAxles : Real = 4
pwrAxles : Real = 2
installedPower : kW = 500
tareMass : kg = 25000
payload : kg = 28000
energyStorage : MJ =0

«block»
«Physical»
Driving Motor Van 2 (lightweight diesel)
values
allAxles
energyStorage
installedPower
payload
pwrAxles
tareMass

allAxles : Real = 4
pwrAxles : Real = 2
installedPower : kW = 500
tareMass : kg = 25000
payload : kg = 28000
energyStorage : MJ =0
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Analysis

O Budget and Power
- High level, Studio to Excel
O Parametric

- Adds consistency to the repetition of
analysis

O MATLAB simulation
- Integrated with the TRAK model
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. [Gradient Force] :
Gradient Force .

[Forward motion calc] :
orward motion calc

Tractive Effort Velocity : Integrate

Control Algorithm ] )
[Control A?gorithrg . i Isplacement : Integrate

Resistence to Motion] :
Resistence to Motion

Power calc] : Powe

Energy : Integrate .
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——— Train speed
v Speed limit

1 1
10000 12000

— Energy used
Energy recaptured
Net energy

Energy (MJ)

L 1 1 L
6000 8000 10000 12000
Journey time (s)
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ling exercise showed CO, emission
reductions

- Based on modal shift

- Much greater improvement if UK energy
mix moved from fossil fuels

O Demonstrating integration of TRAK and
analysis tools.

O Benefits of MBSE — allowing simulation of
changes to architecture and parameters
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