A journey in transporiation maintenance
from earth to space



TRANSPORTATION SYSTEM

In future one system?

Non-motorized

Motorized private

Public Transport
Sea Transport
Air Transport
Space Transport




TRANSPORTATION SYSTEM

Share and improve



TRANSPORTATION SYSTEM

Share experiences

Learn from similar industries
Collabhorate

Become sustainable

Open Innovation



Competence centre msfi

Founding partners

Canton of Ticino

City of Bellinzona

Swiss Federal Railway

University of Applied Sciences
and Arts of Southern
Switzerland

msfi, refreshing technology.



Competence centre msfi

What we do?

Project Management
Feasibility Studies
Consulting

Innovation management

Continving education

Product development

msfi, refreshing technology.



TRANSPORTATION SYSTEM

Topics

Mission
Equipment

Scheduling

Knowledge
Investments
Cost structure

Laws & Regulation




MAINTENANCE

Manus tenere

Definition

The process of preserving
a condition or situation or
the state of being
preserved

The provision of financial
support for a person’s living
expenses, [...]




MAINTENANCE

Unplanned

Scheduled/Planned

Preventive

Corrective
On-Condition
Predictive / A.l.

Approaches



MAINTENANCE

Maintenance

Predictive Planned Unplanned

Condition Based Scheduled




TECHNICAL ISSUES

Minor incidents
Accidents

Loss of lives

Loss of Equipment

Reputational damages

Reduced quality
of service

Consequences
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TECHNICAL ISSUES

Minor incidents
Accidents

Loss of lives

Loss of Equipment
Reputational damages

Quality of service

Consequences



THE OPERATOR VIEW

Transportation System

Limit disruptions, delay,
cancellations

High technical reliability

Maintenance scheduling
supports the operations

Costs conscious approach




MAINTENANCE DILEMMA

The CFO challenge: moving

finance beyond a cost
centre

The CTO defy: fast innovation
changes and operations
understanding

The CEO: pick great CFOs
Cost — CAPEX & OPEX and CTOs




NON-MOTORIZED TRAFFIC

Human powered mobility



WALKING

Non-motorized Traffic

Very short distance
No time constraint

Slowest system

Weather condition
Healthy™®




MISSION & EQUIPMENT

Human body

Acquisition costs: not

quantifiable (o)

Mission:
healthly live as long as
possible

Life-Cycle: 80-99 yr




Human body

Very complex &
sensible system

Little or no margin
for errors

Years of Training
(University)




MAINTENANCE

Human body

At least once a year

On condition, preventive
maintenance

Limited /no spares

Integrated sensors




Human body

Immediate: life threatening

situation

Mid-Short term: not life-
threatening event

Long term: convenience or
upon agreement




Health insurance:

AVG 3'000 USD/yr*

Expenditure per
inhabitant/month:

780 USD
12,1% GDP (CHE)

Human body



NON-MOTORIZED TRAFFIC

Human powered mobility



NON-MOTORIZED TRAFFIC

Human (e)-powered mobility



NON-MOTORIZED TRAFFIC

Human e-powered mobility



MISSION & EQUIPMENT

Non-Motorized Traffic

Costs:
1’000 — 8000 USD

Mission: fransport of a
person over a short
distance

Life-Cycle: ~5 yr




System complexity: low-mid

complexity

Training: 3-4 years
(college level) +

~1 year of specialization

Non-Motorized Traffic




MAINTENANCE

Non-Motorized Traffic

Schedule: on condition or

eventually yearly
Error Margin: high

Spares: widely avail.

Monitoring: none/low,
Increasing




Typical components: Tyres,

batteries, driving chains,
brakes, gearshift

Operating: ~0

Maintenance:
<100 USD/year

Non-Motorized Traffic




MOTORIZED TRAFFIC

Fossil fuel powered mobility



MOTORIZED TRAFFIC

Fossil fuel powered mobility



MOTORIZED TRAFFIC

Hybrid powered mobility



MOTORIZED TRAFFIC

e-powered mobility



MISSION & EQUIPMENT

Costs: from 15’000 to
300'000 USD

Mission: Transport of
persons and/or freight
over a mid-long distance

Life-Cycle: ~5-15 yr

Fossil fuel powered mobility



System complexity: mid

complexity

Training: 3-4 years (college
level) + ~1 year of
specialization

Motorized Traffic




MAINTENANCE

Schedule: by distance or

time (yearly)
Error Margin: medium
Spares: widely avail.

Sytem Monitoring:
iIntegration with
connectivity started, incr.

Motorized Traffic




Scheduled Maintenance

On condition, Pre-Trip,
30k km+

Tuning

Motorized Traffic




COSTS & COMPONENTS

Motorized Traffic

Typical components: Tyres,

batteries, driving chains,
brakes, gearbox

Operating:
up to 40°'000 USD/year

in average ~15’000 USD/year

Maintenance:
~1500 USD/year




PRIVATE/PERSONAL TRANSPORTATION

Regulations and Laws are present and enforced in a limited way
Equipment Technical condition is a personal responsibility

In case of incident or accidents, government may
iIssue fines and insurances reduce coverage Mass mobility

Innovation technology acceleration Fully customized product

Personal mobility National and international
“Mass products” regulations and standards rules the
technical and operational aspects

Innovative disruption is entering the market

Accidents, Incidents may lead to lawsuits,
reputational damages, operational instability, loss of customer

PUBLIC/MASS TRANSPORTATION




URBAN PUBLIC TRANSPORTATION

Bus



LONG DISTANCE TRANSPORTATION

Long Range Bus



MISSION & EQUIPMENT

Costs: from 150’000 to
500°'000 USD

Mission: Shared, partially
sustainable transport of
persons over a mid-long
distance

Life-Cycle: 13+ yr

Bus / Long Range Bus



Bus / Long Range Bus

System complexity: mid
complexity

Training: 3-4 years (college
level) +

~1 year of specializ.

Engineering: 3 years
bachelor degree




MAINTENANCE

Schedule: distance & time,

operator spec., national
(sometimes) rules

Error Margin: medium
Spares: widely available

Sytem Monitoring:
iIntegration with
Bus / Long Range Bus connectivity started, incr.




Scheduled Maintenance

Daily, Pre-Trip, Monthly
(or Weekly), 10k km+

Refurbishment (?)

Bus / Long Range Bus



Typical components: Tyres,

batteries, driving chains,
brakes, gearbox

Operating:

~ 220'000 USD/year
Maintenance:

~10% Operating costs

Bus / Long Range Bus



URBAN PUBLIC TRANSPORTATION

Tram



URBAN PUBLIC TRANSPORTATION

Metro



MISSION & EQUIPMENT

Tram / Metro

Costs: 2m to 6.5m USD

Mission: sustainable
transport of persons over
a short distance, shared,
iInfrastructure required

Life-Cycle: 30+ yr




URBAN PUBLIC TRANSPORTATION

S-Bahn



PUBLIC TRANSPORTATION

Train



PUBLIC TRANSPORTATION

High Speed Train



MISSION & EQUIPMENT

Costs: from 4m up to

40m USD

Mission: sustainable
transport of persons over
a mid-long distance

Life-Cycle: 40+ years
Refurbishments

Railway System



System complexity: medium

Training: 3-4 yr. college +
1-2 yr. specialization
Engineering: 4 yr. Master +
other spec.

Railway System



MAINTENANCE

Public Transportation

Schedule: distance & time,

operator specifications,
Service, Heavy maint. ->
50k, 100k, 500k, 1.0m

2m, 4m, 6m, 12m
Error Margin: medium
Spares: widely avail.
Monitoring: med+




Typical components:

engine, electrical &
electronics comp.,
mechanical repairs,...

Maintenance:
1-6 USD/Kkm

Railway System




SEA TRANSPORTATION

Cruise Ship



SEA TRANSPORTATION

Cargo Vessel



MISSION & EQUIPMENT

Sea Transportation

Costs: from 20°000°000 to
1°’500°000°000 USD

Mission: shared transport of
persons over a long distance

Life-Cycle: 35+ yr




System complexity: high

Training: 3-4 yr. college + 2
yr. experience +
2 yr. specialization

Engineering: 3-4 yrs.
Bachelor/Master + other
Spec.

Sea Transportation



MAINTENANCE

Sea Transportation

Schedule: distance & time,

operator spec., national
requirements

Error Margin: medium
Spares: widely avail.
Monitoring: med+




Sea Transportation

Scheduled Maintenance

Pre-Trip Checklist, voyage
repairs, monthly, yearly,
2.5 year, 5 year

Dry-docking and
sea-docking

Refit & Conversions




AIR TRANSPORT

Helicopter



AIR TRANSPORT

Commercial Aircraft



MISSION & EQUIPMENT

Costs: from 50m to

440m USD

Mission: Shared, partially

sustainable transport of

persons or freight over a

long distance

Life-Cycle: 12+ yr
Commercial Aircraft




System complexity: high to

very high.

Training: 3-4 yr. college + 2-
3 yr. experience +

2-3 yr. specialization
Engineering: 4 yr. Master +
other spec.

Commercial Aircraft







MAINTENANCE

Schedule: distance & time,

iInternational & national
requirements,
manufacturer recommend.,
operator spec.

Error Margin:
low to very-low

Commercial Aircraft Spares: widely avalil.




Commercial Aircraft

Scheduled Maintenance:

Daily, Weekly, A-/C-
Checks, HMV, Special
ground times, Mandatory
unplanned activities.

Refurbishments:
~0 years




Scheduled Maintenance:

Time Limited Parts,
Cycles

Life Limitation:
Time LLP reached, scrap

Engine / LDG



Maintenance to avoid

incidents!

Maintenance to assure
operational stability!

Maintenance for an
efficient

Commercial Aircraft / Engine
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Commercial Aircraft
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Typical components: Tyres,

Engines, Avionics,
Structure, Brakes,
Electrical systems,
Communication...

Operating (WB):

~ 9’500 USD/FH (up to
S 17°000)
Commercial Aircraft Maintenance:




PUBLIC/MASS TRANSPORTATION

Accidents, Incidents may lead to lawsuits,
reputational damages, operational instability, loss of customer

Innovative disruption is entering the market

National and international

regulations and standards rules the No error accepted
technical and operational aspects Exclusive at first
Fu”y customized product (llke aviation in the SiXtieS)
Mass mobility Safety & Risk Management driven

Suborbital and Space travel opens new opportunities
and threats to the actual transportation industry

FUTURE TRANSPORTATION?



NO GRAVITY

Shuttle / Rocket



NO GRAVITY

ISS Space Station



MISSION & EQUIPMENT

No Gravity

Costs: ~ 210°000°000°000

USD (Shuttle program)

Mission: transport persons,
technical systems or
equipment into space

Life-Cycle: 30+ yr




System complexity:
very high

Training: 3-4 yr. college +
2-3 yr. experience +

2-3 yr. specialization
Engineering: 4 yr. Master +
PhDs

No Gravity



MAINTENANCE

No Gravity

Schedule: preventive only

Error Margin: none!
Spares: specific build
Monitoring: very high




No Gravity

Scheduled Maintenance

Pre-mission (prepare)
After-mission (fixing)
Refurbishment:

after every mission




No Gravity

Typical components:

fully customized systems
Operating:

~ 450°000°000
USD/mission

Maintenance:

Not applicable




SUMMARY

Cost Speed Payload Mission Life-Cycle Utiliz. Utiliz.
[k USD] [km/h] [# , TEU] [hr] [yr] [%] [hr]
1  |Human - 2 4 1 0.2 99 67% 16.00
2 |Bike / Kickboard 6 9 20 1 0.5 3 5% 1.20
3 |e-Bike 6 16 45 1 1 5 5% 1.20
4 |Motorbike 24 28 120 1 1 20 5% 1.20
5 |Car 158 1'501 120 4 2 15 8% 1.92
6 |e-Car 108 251 120 3 2 10 8% 1.92
7 |Bus 225 110 100 95 1.5 12 65% 15.60
8 |LRBus 340 2'300 100 60 8 20 70% 16.80
9 |[Tram 3'500 34 60 240 1 35 70% 16.80
10 |Metro 4'750 31 100 1'000 0.5 30 70% 16.80
11 [S-Bahn 6'000 53 160 1'000 1 40 60% 14.40
12 |Regional Train 6'000 95 160 500 1.5 40 65% 15.60
13 |IC Train 12'000 4'675 200 675 3 40 60% 14.40
14 |High Speed Train 32'500 1'250 300 700 3 30 75% 18.00
15 |Passenger Ship 761'500 5'250 42 4'000 72 35 75% 18.00
16 |Vessel Container 127'500 11'959 35 16'000 | 480 35 75% 18.00
17 |Helicopter 15'150 1'000 472 11 1 20 45% 10.80
18 |Aircraft 245'000 7'250 900 450 10 25 76% 18.24
19 [Space/uborbital 255'000 | 130'050'000 28'000 2 168 30 0.05% 0.01




Similar approach
Safety, protect

Scheduling

On-Condition




OVERVIEW — MAINTENANCE EXP.

Non-motorized 1.9hr/day Closed to zero
Motorized private 1.9hr/day 2.2 USD/hr (~1500 USD/yr)
Public Transport 16 95 USD/hr (~2'300 USD/day)

900 USD/hr
>100°000’000 USD/miss.

Sea Transport 16

Air Transport 16

Space Transport >0.01




SUSTAINABILITY = FUTURE



msfi FOR YOU

Our services for you:

Master of Advanced
Studies in Railways and
Sustainable Mobility
SUPSI

New Mobility Platform
MobLab Conference

Engineering and




MAINTENANCE

Maintenance is o
Servicel!

Maintenance is not
only a cost!



CONTACTS

Competence centre msfi

Viale Officina 19
6500 Bellinzona

+41 91 866 22 22
iInfo@msfi.ch




