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Trucking as a System
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• Engineer: “The future of systems 
engineering is model-based…”

• Trucker: “What is systems 
engineering?”

“Systems engineering will be embraced 
by a greater number and broader range 
of small and medium enterprises...” 

-INCOSE Vision 2035

Trucking is one example of these new 
enterprises to systems engineering.



About Motor Freight Transportation (Trucking)
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• “If you bought it, a truck brought it.”
• Most trucking is done by small business (10 trucks or less).
• In the USA, there are approximately 13 million trucks.
• There are around 3.5 million truck drivers in the USA 
• 1.86 million companies operate at least 1 semi-truck, straight 

truck, or other truck.

Even CSU 
students 

drive trucks.



Types of Motor Carriers
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• Major for-hire segments 
– Truckload – A trailer full of one thing
– Less-than-truckload – A trailer of different things
– Parcel/courier – Small packages (e.g. UPS, Fedex, DHL)
– Hazardous materials – Liquid or dry chemicals and other nasty things
– Specialized hauls – Chemicals, bridge spans, wind turbines, etc.
– Household goods – Moving companies
– Intermodal – Shipping to/from rail or port

• Not-for-hire
– Private Fleets (e.g. Walmart)
– Heavy haul (race teams, horse farms)

https://www.freightwaves.com/wp-content/uploads/2020/05/ATS_project_cargo_2.jpg



Eventually, trucks need to be replaced.
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Prior Work for Fleet Replacement Model

Assumptions with age:
• Maintence cost per-mile 

increases 
• Fuel economy 

deteriorates 
• Resale value decreases
• Procurement cost rise
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Taghipour, S., & Salari, N. (2015). Optimal sustainable vehicle replacement model. 2015 Annual Reliability and Maintainability 
Symposium (RAMS), 1–6. https://doi.org/10.1109/RAMS.2015.7105110



Developing Constraint Limits

• Measure economy per 
mile-based on age

• Use trade studies to 
calculate CO2 
impacts
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Taghipour, S., & Salari, N. (2015). Optimal sustainable vehicle replacement model. 2015 Annual Reliability and Maintainability 
Symposium (RAMS), 1–6. https://doi.org/10.1109/RAMS.2015.7105110



Calculating Constraints
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• M indicates the truck should always 
be repaired

• Repairs with values, should only be 
repaired if cost is under the limit

Taghipour, S., & Salari, N. (2015). Optimal sustainable vehicle replacement model. 2015 Annual Reliability and Maintainability 
Symposium (RAMS), 1–6. https://doi.org/10.1109/RAMS.2015.7105110



Case Study Modelling

• Cost models that do not 
take emissions into account 
recommend more repair.

• Transform the document-
based approach to a 
model. 

• Goal: application to an 
arbitrary fleet.
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https://www.quora.com/What-causes-white-smoke-from-my-diesel-truck-when-cold



Modeling Approach

Tool: Catia Magic Systems of Systems Architect
Language: SysML
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Need to Replace Tractors
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Need to Add Tractors
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System Use Cases
• The manager is associated with

the tractor fleet base use cases 
of Add Tractor and 
Repair Tractor
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Context based on 
Less-than-truckload (LTL) Assets
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Focus on modeling 
the replacement of 

the tractor fleet.



Measures of 
Effectiveness (MoE)
• Cost models are 

the primary driver 
for decisions
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Predecessor System Activities
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• Activities
– Project Growth
– Replace old

• High mileage
• Age
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Fleet Composition Structure
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Fleet Composition Requirements
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Requirements
Traceability
• Demonstrate 

relationships in model 
entities
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Parametrics
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System Constraint Blocks
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Parametric System of Equations (1/2)
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Parametric System of Equations (2/2)
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Parametric Results on an LTL Fleet
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• For our generalized example fleet, loosely based on an LTL fleet type behavior.
• If a truck projects to operate out of the cost control from a repair or an 

environmental factor limit, the truck will be replaced.



MBSE Takeaways
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• System model successfully 
demonstrates optimal 
sustainable vehicle 
replacement based on time 
and cost.

• SysML diagram views are 
understandable and relatable 
to the fleet maintenance 
stakeholders.

• Input data for these decisions 
can be easily adjusted to 
address future changes and 
assumptions.



Conclusions and Future Work
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• Trucking is a multi-billion dollar industry with little 
exposure to systems engineering
– MBSE has potential for showing operational benefit
– Examples, like tractor replacement, show value to the 

trucking companies.
• Challenges remain

– Education
– Ease of use
– Utilization


