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Idea → Craft → Model

• Engineering is essentially a scientific way to creating, 
orchestrating and deploying technology. 

• Technology is all about products, goods and services. 
• Technology can be primitive or advanced.

• A primitive technology is seen in the primitive way a people carry on their 
daily living: How do they get water? What kinds of hospitals treat them 
when they are sick? In what environment do their children learn?

• Advanced technology is good engineering. It is contradictory to have 
engineering and live in a primitive society.
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Engineering & Craftsmanship

• The two are closely related but not the same. 
• Good engineering requires good craftsmanship for best delivery. In a 

working society, both professions are well-remunerated.

• Nigeria is a wonderful place. 
• It has never made up its mind what it really wants. 

• Engineering is a lot of theory; but theory is ridiculed in our society. It is 
IMPOSSIBLE to have modern technology without the scientific principles that 
underlie it. This is THEORY; this is engineering

• Whatever you do without some fundamental theory is craft. 
• It may be a very useful set of skills; It could be helpful; It is still craft
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Idea → Model

• An idea may be the solution of a problem in the society:
• There is corona virus, how do we protect people?

• Electricity is epileptic, how do I live a good life in this Nigeria?

• Mangoes are rottening in the field, how do we save or preserve them?

• The table is shaky, how do we make it firmer?

• Make a diving platform

• There are many questions posed by the culture. These require 
thoughtful answers.

• When an idea can be turned into a picture and we require a 
physical object for solution, we can have a mechanical model. 
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Virtual Models and Natural Laws

• A virtual model can be a 3D representation on the computer. 
• It is made of materials that we will build to solve a specific problem.

• Having such a picture is a critical first step. An engineer needs to make such 
a model.

• Analyzing the model
• Physical models used to be the way to test possible solutions. It is too 

expensive and time consuming. Modern design is done virtually.

• The satisfaction of natural laws and specific laws applicable to the 
materials used; constitutive laws.

• We want to find the most inexpensive, efficient and effective solutions
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The Diving Platform

• Design a diving platform like this. Using 
Strength of Materials approximations, 
obtain dimensions in the following steps:

1. Select materials.

2. A cantilever beam with a point loading at the 
end. 

3. Select the thickness (moment of area) that will 
lead to a range of allowable displacements at the 
end.

4. Ensure that the stresses and strains are not 
reaching the yield values with allowed factors of 
safety.

• Natural Balance Laws:

1. Linear momentum (equilibrium law, a special case)

2. Angular momentum

• Constitutive Law:

• Linear Stress-Strain Relationships and material 
properties such as elastic modulus

Before any load is placed on the 

beam, the engineer already knows 

how much it will bend; What stresses 

would be generated by any load. 

If instead, you simply called a welder 

to make the beam. What would rely 

on to do it?

Make no mistake; the welder will still 

be called – AFTER decisions on the 

dimensions are already made!
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Approximate Theory of Deflection

• We assume, among other things, that if the beam is in pure 
bending, 
• Plane sections perpendicular to the axis remain plane.

• There is a neutral axis when there is neither stress nor strain.

• The stress at a distance 𝑦 from the neutral axis, 𝜎 =
𝑀𝑦

𝐼
, where 𝑀 is the 

bending moment in the section, 𝐼 is the moment of area.

• The elastica, neutral axis, is governed by the equation,

𝐸𝐼
𝑑2𝑦

𝑑𝑥2
= 𝑀

An equation combining the balance of momenta with the constitutive law 
(Hooke’s law).
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Governing Differential Equations

• Virtually every problem you encountered in Strength of 
Materials can be solved in 20 mins of Fusion 360 
simulation

• Your governing equations can be used to compute displacements, 
strains

• Stress-strain relationships computes the stresses.

• We can simply place the model in Fusion 360 and obtain these 
results in a much more general form as shown. 

• From top to bottom, we have, displacements, strains, 
stresses (observe the neutral axes) and a 3D view of the 
stresses. These are what your strength of materials tried 
to teach you about beams.
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Is the Mathematical Preparation Necessary?

• Could someone be taught to do the simulation and arrive at these 
results without learning strength of materials? 

• Short Answer, Yes, it is possible. But that is not how engineers are 
trained. Your training allows you to understand the basis of the 
differential equations; Insert the boundary conditions (known 
displacements and loads); solve the differential equations when 
they can be solved. 

• When they cannot be solved, resort to numerical solutions. The 
set of numerical solutions orchestrated by dividing the domain 
into smaller units called finite elements is what Fusion 360 
presents in its simulation packages

Wednesday, May 13, 2020Virtual Design Network                                   vdn.s2pafrica.com

9

Can you 

successfully live 

in China without 

learning Chinese?

Once you 

conclude that a 

child is going to 

spend the rest of 

his life in China, 

you better start 

teaching him 

Chinese!



Our Purpose: Connect Design & Theory 10
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Remind you that design of a beam is 
rooted in the approximate theory you 
already learned in Strength of 
Materials. 

Continuum Mechanics is a superset of 
those theories.

Not limited by the simplifying assumptions of 
Strength of Materials; Not limited to solids but 
applicable to fluids as well.

The loading can be forces, structural loads, heat, 
inertia, etc.

We are not limited to linear materials; we can 
model beyond Hooke’s law

Fusion 360, and other simulation 
packages have these equations turned 
into software. 

You are to input problem constraints, loading, 
discretize, solve and see the results graphically.



Natural Laws & Simulations

Continuum Mechanics allows you to deal with the above; It also allows you to deal 

with more complicated scenarios where more than momenta are considered. The 

software implements these balances and solves resulting equations.

• Laws of material balances address:
• Mass
• Linear Momentum
• Angular Momentum
• Energy
• Entropy

• Constitutive laws:
• Linear/Nonlinear Elasticity, Dynamics
• Heat flow, Thermal Stresses
• Fluid Flow

Strength of Materials

approximation
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Differential & Tensor Equations

• The formulation of natural balances generate nonlinear 
differential equations.
• Cannot be solved in closed form except for trivial cases.

• Numerical Methods are usually necessary

• Constitutive laws, even for the simplest cases of linear 
relationships between causes and effects create difficult 
complications
• They must be added to the balance laws.

• Engineering subjects are often dealing with the formulation of these for the 
purpose of creating technological products.
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Cauchy’s Law: 
Motion, 

Equilibrium

• Cauchy’s law takes the body in question and 
subjects it to Newton’s law of conservation of 
momentum;  The sum of all forces is the rate of 
change of momentum.

div 𝐓 + 𝐟 = 𝜚 ሷ𝐮

𝐟 is the body force per unit volume, 𝜚 is the mass 
density.

• No acceleration means ሷ𝐮 = 𝐨, the zero vector, and 
the body is in equilibrium (at rest or in uniform 
motion in a straight line) 

div 𝐓 + 𝐟 = 𝐨

• If, in addition, there are no body forces, then 
equilibrium ⇒ div 𝐓 = 𝐨

13
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Strain-displacement 14

One common definition of strain is the Lagrange strain: 

𝐄 =
1

2
[grad 𝐮 + gradT𝐮 + gradT𝐮 grad 𝐮 ]

This is a nonlinear partial differential equation unless the strain is 
small and the last term assumed to be close to zero and ignored.
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• The constitutive equations, for linear elastic materials, (in the 
simplest cases, we assume the material is constitutionally linearly 
elastic) this is a generalization of the Hookean idea of linearity 
between the stress and strain:

𝐓 = 𝜆𝐈 tr𝐄 + 2𝜇𝐄

Lame’s constants,  𝜆 and 𝜇 are known material properties, 𝐈 the 
identity tensor multiplying the scalar trace of the strain. The trace 
is simply the sum of the scalar normal strains components. 

• Other forms of this equation, with different elastic constants (e.g., 
elastic modulus and Poisson ratio) are equivalent. 

Constitutive Equations 15
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Software, Fusion 360

• Everything we have talked about is happening inside modern 
simulation software.
• When you try to simulate a model, it is actually creating the governing 

equations resulting from subjecting the loading scenarios to the governing 
equations.

• These are the combination of the balances and constitutive laws.

• The software goes further. 
• It can discretize the model into “finite elements” and apply powerful 

numerical procedures.

• This can be post-processed to giving optimal solutions to your model
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Your Role

• Remember that when you are simulating, you are orchestrating 
the solution of a set of differential equations. The software 
developers that produced these solution and display environment 
have no clue whatsoever of the specific problem you will solve. 

• It is therefore your duty to provide the boundary conditions to the 
solvers:

1. Constraints and contacts for all surfaces that are close or touch each 
other

2. Applied forces, heat, temperature, etc.

3. Material selection (gives the material properties)
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Questions answered

• The forgoing should have provided answers to the following 
questions:
• Why do engineers learn so much mathematics? 

• In there any connection between the endless equations engineers study and 
product making? 

• Should a welder help a final year engineering student to do his project? Are 
Nigerian engineers able to do practical things? 

• Is primitive living compatible with engineering training? Can there be good 
engineers in a society where there are no technology products? 
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• This table is very portable and useful.

• However, it can be annoyingly flimsy, 
flexible and floppy.

• I am interested in redesigning it in such 
a way that it retains the old qualities 
but become firmer.

• On the next page, you see that 
underside details, simple measuring 
tools to get the computer model of the 
table that can be simulated.

A Simple Example
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Simple 
Simulation 

Example

Underside, 
Underside Details,

& Digital Vernier Calipers
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Underlying structure

• Load Transfer:
• Four pairs of horizontal members to vertical supporting 

structures

• Why are these shaped and dimensioned in the 
way they are?

• Change them under loading and understand why they 
are shaped this way!

• The Vertical members taper slowly to the bottom from 
a diameter of 60mm on top to 55mm at the bottom.

• Observe the rigid assembly joints of the vertical 
members

• Simulations can show why

First Order of Business: 
3D Model

Wednesday, May 13, 2020Virtual Design Network                                   vdn.s2pafrica.com

21



Full Table: Simulation → Defining Quantities

Here is the table in full assembly.

• We want to examine the behavior of this table under 
loading.

• The goal is to quantify the floppiness of the table.

• Table is too flexible: a qualitative statement. 
• Engineers work with quantitative statements. 

• We ask quantitative questions and we want numbers for answers.

• How flexible is this table? 
• If we can provide an answer to that, then we can evaluate, 

quantitatively the effectiveness of any solution; 

• We can then compare solutions and know which is optimal, which is 
best.
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Constraining & 
Loading the Table

• Here is a way to constrain and 
load the table to show its 
flexibility

• Fusion 360 simulation allows us to 
input constraints that model this 
situation as well as apply forces in 
the directions shown: Vertical and 
horizontal

• For this simple case, we consider 
linear static stress

• The results give us a measure of 
flexibility that we can compare to 
improvements and quantify the 
latter
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Simulating the Table

• The simplest simulation model is the linear elastic model and we 
assume that the material used is ABS Plastic whose properties are 
known to Fusion 360.

• In the first case, we apply two loads to the tabletop: 
1. A vertical load of 200 Newtons (Why?)

2. A horizontal force of 200 Newtons.

3. We fix two of the legs so that no horizontal motion is created. 

4. Alter the meshing settings for a slightly finer mesh.

5. Generate the contacts automatically. (Why are there contacts?)

• Solve the simple table
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Displacements in the 
Original Table 

• Notice the displacements caused on the 
table legs that were not fixed as a 
result of 200 N force, horizontal and 
vertical.

• We can set point probes as well as 
surface probes to find the displacement 
anywhere.

• Note that displacement is a vector. Each 
point in the material has three values.

• Max displacement, 18.24 mm

• Tabletop Max, 15.05 mm
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Stresses & Strains 26

• We have here the Stresses and Safety 
Factors.

• Note that at every point, there are nine 
components of stress.

• It is a tensor. Fusion 360 first gives you the 
eigenvalues of the stresses (principal stresses) 
and also computes a major stress Invariant 
called Von Mises Equivalent stress.

• It is the latter that is usually used for design.

• The safety factor shows that the loading 
here is safe for the table to bear.

• Two pairs of fins bear this load.
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• Suppose we were to fix all the table 
legs, For example, bury each in a metal 
hole. What will the response look like?

• The result of the simulation with the 
same load and legs constrained to be 
fixed are as shown:

• Note that the maximum displacements are 
now happening at the top (4 mm)

• Stress, Strain and Safety factors show 
that the table is safe to carry the loads.

All legs Fixed

Virtual Design Network                                   vdn.s2pafrica.com Wednesday, May 13, 2020 27



• Suppose we add Cross Braces to this 
table. If we apply the same forces, 
what will the response look like?

Table with Cross Braces
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Stress & Safety 
Factor

• Addition of braces improves the 
design. But wait a minute, I could 
have reached that same 
conclusion without all the Math!

• True. But with the simulation, you 
can obtain, quantitatively, a 
number of useful design 
information that you could not get 
otherwise.

• We have placed the braces 
arbitrarily. What happens if we 
moved it up or down? 

• How thick should they be? 
Suppose I made the braces half 
the thickness and save materials?
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More Brace Questions

• More Questions
• What should the radius of the bracing be?

• What if I use a different material like steel for the brace?

• Instead of having a cross brace, what about a surrounding rectangular 
brace?

• How do I correct the warping of the table top? Should there be more fins? 

• If I can use twice the material for the tabletop, Should I have a thicker 
tabletop or more structural fins? Or should I simply thicken the fins?

• How about a circular brace?
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Virtual Models → Simulation → Prototyping

• With  virtual model simulation as we have done, you are able to 
create and analyze all these scenarios and see which ones are best 
for your company long before making anything!

• When you do things like this, you are doing engineering!
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