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Schedule: Overview and milestones

Week Deadline Description

Week 35-36 Sept 8 Project team formation and pre-questionnaire

Week 37 Sept 15 Design brief for group project

Week 37-39 Sept 27-29 Stirling engine starter project (individual work)

Week 40 Oct 6 Initial concept for group project

Week 43 Oct 27 Concept pitch + peer review & 1st evaluation questionnaire

Week 46 Nov 17 Status report & 2nd evaluation questionnaire

Week 47 Status report peer review

Week 48 Nov 29 Information poster

Week 48 Dec 1 Gala: Prototype demonstration & Demonstration gala reflections

Week 50 Dec 15 Final report & Final evaluation questionnaire
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MEC-E1003

Estimation



Design Calculations

In this course, and in your future life as a designer and engineer, you will 
need to do calculations:

- How big a shaft do I need?

- How large a brake disc do I need?

- How small a battery can I use?

- … 

Often you will initially answer these with calculations. Then you build 
the result of your calculation and “try it out”.



Engineering Estimation

Last year, we also asked to estimate the engine power. 
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Engineering Estimation
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Estimation Skills

As an engineer, you need to be able to check your work

You use equations. You compute a result.

Is it right?



Estimation

The ability to estimate a quantity is an engineering skill.

You get better at it the more you do it. 

It is not guessing. 



How much power is generated by an 
A380 engine?



How much energy goes into the A380 
brakes to stop the plane?



How much does an A380 weigh?



How long is an A380?



How wide is a door on an A380?



Perception and Estimation

It is easy to estimate amounts you can perceive

It is difficult to estimate amounts you cannot perceive

22.9.2023

110



Perception and Estimation

• How long is 1m?

• How much force is 1N?

• How much pressure is 1Pa?

• How much energy is 1J?

• How much entropy is 1 J/K?
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Perception and Estimation

Directly perceivable units can be more easily estimated.

• Length. Force. Temperature. Sound. 

Units not directly perceivable cannot be as easily estimated.

• Speed. Force. Energy. Power. Entropy.
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Estimation

• The ability to estimate is an engineering skill.

• You get better at it the more you do it.

• There are better estimating methods than others.
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Estimation Process #1

1. Define the SI unit

2. Establish easily memorized reference points

3. Compare your unknown to your references

Example: 
How much useful shaft power can the Stirling engine generate?
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Estimation Process #1

1. Define the SI unit
Power: Watts

2. Establish easily memorized reference points

3. Compare your unknown to your references
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Reference Points

• On every SI unit, have available personal, easily remembered 
reference points every few orders of magnitude
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Estimation Process #2

1.  Define the SI unit

2.  Establish easily memorized reference points

3.  Recall its most basic equation

4.  Form a thought experiment

5.  Estimate the equation inputs

6.  Compute the equation and compare with references
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Power Estimation

How much useful shaft power can the Stirling engine generate?
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Estimation Process #2

1.  Define the SI unit: Watt

2.  Establish easily memorized reference points

3.  Recall its most basic equation

4.  Form a thought experiment
Power = Torque * Rotational Speed

Estimation thought exercise:
If I push on the flywheel to slow it down, 

how much drag torque is that?
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Estimation Process #2

1. Define the SI unit: Watt

2. Establish easily memorized reference points

3. Recall its most basic equation

4. Form a thought experiment
Power = Torque * Rotational Speed

  = ( μ * N * d/2 ) * ( ω * 2π ) 

5. Estimate equation inputs
d = 30mm, ω = 500rpm, N = 1N, μ = 0.2

6. Compute the equation and compare with references
Power = ( 0.2 * 1N * 30mm/2 ) * ( 500/60 * 2π ) = 0.2W

22.9.2023

120



How much does an A380 weigh?

1. Define the SI unit: kg

2. Reference points

3. Basic equation

Mass = density * volume



How much does an A380 weigh?

1. Define the SI unit: kg

2. Reference points

3. Basic equation

4. Thought experiment

Suppose it was placed on water.

Would it sink?

How far?



How much does an A380 weigh?

1. Define the SI unit: kg

2. Reference points

3. Basic equation … 

4. Thought experiment

Mass = volume

  *  fraction that sinks

  *  density of water



How much power is generated by an 
A380 engine?
1. Define the SI unit: N

2. Reference points

3. Basic equation

Lift = weight of the plane



How much power is generated by an 
A380 engine?
1. Define the SI unit: N

2. Reference points

3. Basic equation

4. Thought experiment

Angle of attack α

4 * thrust = mass * g * sin(α)



How much energy goes into the A380 
brakes to stop the plane?
1. Define the SI unit: J

2. Reference points

3. Basic equation

Work = force * distance



How much energy goes into the A380 
brakes to stop the plane?
1. Define the SI unit: J

2. Reference points

3. Basic equation

4. Thought experiment

W = m * Δv/Δt * distance



Are these useful design equations?

P = torque * speed.  

• To do any design improvements, though, 
we need a first-principles parametric equation.

What is the effect of changes?

• Increase the temperature?

• Decrease the work piston volume?

• Increase the exchange piston volume?

• Other ideas?

You cannot determine this without a first principles equation.  

We need a thermodynamic derivation.
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Engine Power

What is the power balance of the engine?
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Engine Power

What is the power balance of the engine?
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Engine Power

Consider the engine.  It is powered by a flame.

• What is something whose power (in Watts) you know that exhibits 
the same power as the flame?  How much power does it exhibit?
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Engine Power

Consider the engine.  It is powered by a flame.

• What is something whose power (in Watts) you know that exhibits 
the same power as the flame?  How much power does it exhibit?

• Answer on MyCourses (in-class assignment 3)
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Engine Power

Suppose a perfect engine, operating at Carnot efficiency

How much thermodynamic power Pout is generated?
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Ideal work cycle derivation
How much change in every cycle?
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Ideal work cycle derivation
How much thermodynamic power is ideally generated?
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Ideal work cycle derivation
How much thermodynamic power is ideally generated?
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Ideal work cycle derivation
How much thermodynamic power is ideally generated?
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Estimation Process

1. Define the SI unit
Power: Watts

2. Establish easily memorized reference points

3. Compare your unknown to your references
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Engine Power

Estimate of the power balance of the engine

22.9.2023

139

400W

4W

1.8W

0.2W

2W

395W

2W



Schmidt Stirling engine analysis

The engine is not ideal.

It does not have Carnot efficiency.

A more accurate analysis incorporates 
the sine wave motion of the two cylinders. 

This was first done by Prof. Gustav Schmidt in 1871.
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Theorie der Lehmann’schen calorischen Maschine. In: Zeitschrift des Vereins deutscher Ingenieure.

1871 Band XV, 1871. Heft 1, S. 1–12, dazu Tafel III, und Heft 2, S. 97–112.



Schmidt Analysis

The volumes are calculated as 
the engine rotates.

Using the ideal gas law, 
pressures are calculated from the 
temperatures.

The resulting p-V diagram is 
used to calculate the work. 
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Schmidt Analysis

This is all provided in an Excel spreadsheet, modified for easier use. 
Note the parametric engine dimensions. 
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Dimensions

Length (mm)

Displacer piston 19,90 mm

Displacer travel 16,20 mm

Displacer cylinder 47,60 mm

Displacer shaft 90,00 mm

Power Piston 10,00 mm

Power piston travel 16,00 mm

Power cylinder 47,00 mm

Regenerator 1 63,70 mm

dcp

dpp

Xrd +Rsl 18,20 mm

Xe 30,00 mm

Xpp 15,50 mm

Xd 2,00 mm

Xp 0,50 mm

ldh 9,50 mm

Psi 90,00 degrés

Operating Measurements

Th 400,0 °C

Tc 20,0 °C

dT 1,0 °C

Po 101359,9 Pa

Speed 500,0 rpm

Calculated Power

Power 1,51 W



Homework 2: engine improvements

Using the engine thermodynamic power calculator spreadsheet

1. Enter the engine dimensions into the spreadsheet

2. Compute the engine power

3. Suggest a design change that would increase engine power and 
compute the new power level

• Turn in the Schmidt calculator xlsx file with your design changes 
made as highlighted yellow cells. 

DUE:  September 29th, 2023 
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Summary

This course is about mechanical engineering design

• Engineering involves application of physics as equations

• When you calculate a result, you need to be able to ascertain if the 
result is correct before you spend resources fabricating

To judge correctness you need to estimate

Estimating is a learned skill

• Units

• Easily memorized reference points on each unit

• Use simple equations to validate that you have made no dumb 
mistakes in your detailed correct equations
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Design documentation

In this project course, you will be required to deliver design 

documentation for your main course project

You will be provided an example of good design documentation.

• Bill of Materials

• CAD models

• Supplier specifications

• Assembly process specifications

• Inspection specifications

• System compliance specifications
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Part inspection

As part of this course starter 

project, you practice measurement 

inspection:

Prove a part is as it should be
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Part inspection

As part of this course starter 

project, you will practice 

measurement inspection.

How accurate is a digital caliper?

Its resolution is to 0.01mm
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Part inspection

As part of this course starter 

project, you will practice 

measurement inspection.

How accurate is a digital caliper?

Is it calibrated exactly, or does it 

indicate slightly smaller or larger 

than actual?
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Part inspection

As part of this course starter 

project, you will practice 

measurement inspection.

How accurate is a digital 

caliper?

Will it read the same tomorrow 

as today?

Will it read the same if you 

measure or I measure?
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Part inspection

As part of this course starter 

project, you will practice 

measurement inspection.

How accurate is a digital caliper?

Measurement repeatability is the 
variation you get when you measure 
the same part dimension by the 
same person with the same 
measuring device and setup
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Part inspection

As part of this course starter 

project, you will practice 

measurement inspection.

How accurate is a digital caliper?

Measurement reproducibility is the 
variations you get set up the device, 
take a measurement, then turn off 
the device and another person takes 
a subsequent measurement
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Summary
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This course is about machine design.

This starter project demonstrates good design

• Observe machine design principles

• Observe mechanical design documentation

This starter project prepares you to do good design

• Quality inspection experience

• Mechanical assembly experience

With this background, you will begin to understand the skills 
needed for good machine design.
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