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Introduction 
For this course, we were tasked with creating a 3D design in SolidWorks that used 
the principles of exact constraint design. To do this, we first brainstormed for ideas 
and looked for inspiration on sites like Thingiverse. We found a design for a spherical 
iris mechanism we really liked and decided to draw some sketches for how to 
innovate on this design. The rest of this report will go further into why we made 
specific design decisions. 
 

 
Image 1: Dino Egg visualization idea Image 2: Construction of the parts 
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Image 3: Dimensions Dino Egg Image 4: Adjusted Dimensions Dino Egg 
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Iris mechanism 
The Dino Egg is an iris mechanism made of three parts: the inner sphere (which is 
connected to the egg shell), four doors and the outer rotatable sphere. The doors 
rotate around hinges protruding from the inner shell. They are guided through slots 
with pins protruding from the outer shell. These two separate pins allow the doors to 
stay in between the two other layers. The slots make sure the doors move up when 
the outer shell rotates clockwise (and down when it rotates counter-clockwise). 
 
The parts are drawn as loose parts, segregated by a 0.6mm gap. We chose this size 
since we expect it to be not too big for the parts to move loose and not too small for 
the parts to not be detachable from each other.  
 
When printing, support material is added at these places where there used to be 
gaps. To make sure this support material can be removed after printing, extra gaps 
in the outer- and inner shell are drawn. This way, the support material is easier to 
reach and remove. 
 
In the design of the Dino Egg is used as little material as possible by making holes in 
the outer sphere and the horizontal plate between the inner and the outer sphere. 
This is done to save material and thereby costs, without affecting the stiffness of 
strongness. By taking into account the shapes and placement of these holes we are 
in charge of this preservation of stiffness and strongness.   
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Manufacturing 

Rapid Prototyping 
When the goal is to produce a product from scratch, it’s handy to make a three 
dimensional prototype beforehand. This way, one can reflect on their expectations of 
the looks and working of the product and can improve any flawed aspects. However, 
time and cost can be a severely limiting factor in prototyping. Rapid Prototyping is a 
way of manufacturing that can circumvent these problems since it can make 
prototypes in a relatively short time without too many costs. The printing itself will 
take quite some time, but the translation from a three dimensional model on the 
computer to a printed prototype is quick, which is where the name rapid prototyping 
comes from. 
 
Computer Numerical Control 
CNC is a very precise rapid prototyping method. For this, Computer Aided Design 
software is required, and for this design we used SolidWorks. 
After that, Computer Aided Manufacturing software is needed. This turns the 
SolidWorks file into an STL file, which converts every surface into polygons for ease 
of printing. 
 
3D Printing 
Using a 3d printer, prototypes of products can be printed from materials like plastic 
or metals. The Dino Egg is printed by the Stratasys Connex Objet350. It is a Drop 
On Demand printer which places a drop of material. This drop is hardened with UV 
light. Since our design can only be manufactured in a single print, a different 
manufacturing technique would not be applicable.  
 

 
Image 5: Drop on demand (William, A. 2019) 
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The machine exists on a build platform that moves in the z-direction. It has an inkjet 
print head. The tolerance is 0.4mm and the layer thickness is about 0.1mm. This is a 
relatively low tolerance and layer thickness. This is beneficial to us, since our design 
is small and relatively complicated. 
 
Because of the use of 3D printing, there will be no material loss. The support 
material can be reused. Moreover, there will be no energy waste since the 3D printer 
makes sure it prints as efficiënt as possible.  
 
The printer also prints support material at the places where nothing is drawn in the 
3d drawing. This is a material that can dissolve and drop out. The only disadvantage 
of this machine is that the material can become brittle and fall apart over time. But 
the printer can print a lot of different materials and is very detailed compared to other 
printers, which is a big advantage.  
 
The Dino Egg exists off several layers made out of spheres. These parts of spheres, 
all with a different radius, combine well since they all are the same shape. This 
makes the surfaces match. Moreover on the bottom of the outer sphere, an egg 
shaped sphere is added to make the whole design more oblong. These two shapes, 
the circle sphere and the egg shaped sphere, meet along the edges of the egg 
shaped sphere.  

Costs 
The density of the material ABS is 1.18 g/cm^3. (Creative Mechanical Engineering, 
2020) The material cost is €0.30 per gram. (Creative Mechanical Engineering, 2020) 
(Materialise, 2020) The Dino Egg is 106569.44 mm^3. This means that it weighs 
125.7519 grams. The total cost will therefore be €37.73. 

 
 
 
 
 
 
 

6 



Mechanical Design 

Exact constraint design 
“A key concept in exact constraint design is this one-to-one relationship between 
applied constraints and constrained degrees of freedom.” (Hale, Layton C. 1999). 
This means the design shouldn’t be overconstrained; one should add as little support 
as possible to let the design serve the intended functions.  
 
This design is not over constrained since it does not show characteristics of play or 
binding. That’s because the minimum amount of parts is used.  This means that our 
design is not form closed. To optimize a design in use, each of its functions have to 
be independent.  For the attachment of the pins on the inner- and outer sphere, 
curvature and surface matching is applied. The Dino Egg is symmetric around the 
vertical axis; this makes it easy to produce. 3D-printing is an appropriate technique 
for this mechanism because of the moving parts that have to be connected. This 
product can not be assembled, so it has to be made in one take. This makes it an 
Exact Constraint Design.  
 
Load paths 
To predict the strength of a design load paths can be drawn. The load paths need to 
be as short as possible and non redundant. The Dino Egg has an optimal material 
use since all the material is used for load carrying.  
 
Strongness and stiffness 
Strength is how much load causes yielding or breaking. Skakoon, J. (2008). Stiffness 
defines how much something deforms when load is applied. To make products stiff 
parallel structures should be avoided. Instead, angular or circular structures can be 
used. To make the Dino Egg as stiff as possible, round holes in the outer sphere and 
the egg are made. Also, angular holes are made in the horizontal connection 
between the inner sphere and egg and in the outer sphere. The design is both 
relatively strong and stiff.  
 
Forces 
Rotary motion will generate less friction than linear motion. We use this in our design 
by having only rotating parts. By making the gaps not too big, a lot of guidance is 
ensured. This means less unnecessary loss of force that is converted to movement. 
The turning movement makes sure one can exert enough force. If this would be a 
linear movement, more force would be needed. This is because a hand can make 
turning movements more easily. It’s easier to overcome friction.  
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Influence of forces 
The bottom of the egg has a diameter of 10mm. The bigger this area is, the smaller 
the pressure on the surface on which the egg is placed. Since the prototype is made 
from plastic, which is relatively light in weight, this won’t cause problems. Moreover, 
the sphere shapes prevent buckling since it’s already curved. A linear or flat shape 
or surface would be buckled more easily compared to a sphere shape of the same 
thickness. Bending stress is avoided by producing the product in the shape of an 
egg. The oval shape of the egg prevents shear stress.  
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Mechanical Engineering 
 

Material 
Acrylonitril-butadieen-styreen. (Lange, R. F. M., Meijer, E. W., & DSM 1995) is easy 
to process and has a high resistance. (Veelaert, L., Bois, E., Doorselaer, K., Hubo, 
S., Ragaërt, K. 2000). An example of its use is in the Lego bricks. Recycled ABS is 
recovered from waste streams of PC, PP and rubbers. ABS is usually exposed to 
sunlight to let it develop. Exposing the material to sunlight for a long time can affect 
the ABS in a negative way. This makes rABS less optimal in use. Overall the 
material is very brittle, low in price, easily available, stiff, easy to grocess, easy to 
glue, not that elastic and has a low water and UV resistance. “ABS is a widely used 
engineering thermoplastic with high durability and fine feature detail.” (Materialise, 
2020) ABS is relatively strong, which makes it suitable for functional applications.  
 
 
 
 

 
Image 6: Material characteristic comparison (Veelaert, L., Bois, E., Doorselaer, K., 
Hubo, S., Ragaërt, K. 2000) 
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Image 7: Opportunities and Constraints of ABS material. (Veelaert, L., Bois, E., 
Doorselaer, K., Hubo, S., Ragaërt, K. 2000) 
 
Rubber as printed material wouldn’t be a good choice for this design since it asks for 
a hard material which is not flexible. Otherwise, one would dent the egg as soon as 
one turns the outer sphere.The denting would stop the mechanism from turning 
since the outer sphere, the doors and the inner sphere would collide.  
 
Vero materials are rigid, and the surface is relatively detailed. The PolyJet material is 
general-purpose resin. It withstands bending easily because of the mechanical 
properties. The materials can be blended with other materials to achieve a desired 
level of translucency or rigidity. 
 
For the Dino Egg, ABS as material is preferred since it’s very stiff, rigid and detailed. 
However, for the printing of the Egg, Vero is being used since that’s the material 
that’s available.  
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3D Drawings 
The Dino Egg is made based on the 3D Printed Mechanical Iris Dome (Zhao, F. 
2017) 

 
Image 8: Inner sphere, outer sphere and door Image 9: Dino Egg without holes 

 
Image 10: Final shape side view Image 11: Final shape  

       
Image 12: Dino Egg side view Image 13: Dino egg top view 

11 



 
Image 14: Cut-through view 

 
Conclusion 
By making this Dino Egg with exact constraint design, making use of the technique 
3D printing we got more experienced with working with SolidWorks as a 3D modeling 
software. Moreover, we learned what factors to encounter in the consideration of 
design choices.  
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