
 

 
 

 

From 3D view to 3D print 
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ABSTRACT   

In the last few years 3D printing is getting more and more popular and used in many fields going from manufacturing to 

industrial design, architecture, medical support and aerospace. 3D printing is an evolution of bi-dimensional printing, 

which allows to obtain a solid object from a 3D model, realized with a 3D modelling software. The final product is 

obtained using an additive process, in which successive layers of material are laid down one over the other. A 3D printer 

allows to realize, in a simple way, very complex shapes, which would be quite difficult to be produced with dedicated 

conventional facilities. Thanks to the fact that the 3D printing is obtained superposing one layer to the others, it doesn’t 

need any particular work flow and it is sufficient to simply draw the model and send it to print. Many different kinds of 

3D printers exist based on the technology and material used for layer deposition. A common material used by the toner is 

ABS plastics, which is a light and rigid thermoplastic polymer, whose peculiar mechanical properties make it diffusely 

used in several fields, like pipes production and cars interiors manufacturing. 

I used this technology to create a 1:1 scale model of the telescope which is the hardware core of the space small mission 

CHEOPS (CHaracterising ExOPlanets Satellite) by ESA, which aims to characterize EXOplanets via transits 

observations. The telescope has a Ritchey-Chrétien configuration with a 30cm aperture and the launch is foreseen in 

2017. In this paper, I present the different phases for the realization of such a model, focusing onto pros and cons of this 

kind of technology. For example, because of the finite printable volume (10×10×12 inches in the x, y and z directions 

respectively), it has been necessary to split the largest parts of the instrument in smaller components to be then re-

assembled and post-processed. A further issue is the resolution of the printed material, which is expressed in terms of 

layers thickness, in the Z direction, and in drop-per-inch, in X and Y directions.  

3D printing is also an easy and quick production technique, which can become useful in the ad-hoc realization of 

mechanical components for optical setups to be used in a laboratory for new concept studies and validation, reducing the 

manufacturing time. With this technique, indeed, it is possible to realize in few hours custom-made mechanical parts, 

without any specific knowledge and expertise in tool machinery, as long as the resolution and size are compliant with the 

requirements. 

1. INTRODUCTION  

Briefly, CHEOPS  is an ESA S-class Mission whose adoption by SPC took place in February 2014 and whose launch is 

planned for the end of 2017. It is a dedicated mission to search for transits by means of ultrahigh precision photometry of 

nearby bright (V<12.5) stars already known to host planets. It will be sent into a sun-synchronous, Low Earth orbit (620-

800 km) that optimizes un-interrupted observations and minimizes thermal variations of the S/C and stray light on the 

satellite. It will have the capability to point almost any location on the sky, reaching milli-mag photometric precision on 

planets already discovered by existing Radial Velocity surveys, such as HARPS-N [3] or planned ground and space 

missions based on transits detection (i.e. NGTS [4] and TESS[5]). It will provide precise radii measurements aiming to 

the detection of Neptune-size planets. Furthermore, for planets of known mass (previously estimated from ground-based 

spectroscopic surveys, through the radial velocity technique), the accurate measure of their radius will allow to determine 

their structure and composition and hence gain knowledge on planets formation and evolution. During the scheduled 3.5 

year mission, hundreds of targets are planned to be observed with ultra-high precision photometry (number depending on 
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planets detection achieved in the next few years), providing valuable data for constraining the mass-radius relation of 

exo-planets, especially in the 1-6 REarth regime.  

The reasons to build a prototype of CHEOPS are several, for example to see the real dimensions of the structure and the 

encumbrance of each component or to help in the divulgation process (displaying the real dimension of the space 

telescope model is most incisive than explaining it with words or with photos). 

Moreover, one of the responsibilities of the Italian team is the Assembly, Integration and Verification (AIV) of a 

Demonstration Model (DM) with the purpose of validating the alignment procedure within the given requirements at 

ambient temperature conditions. The optics will be flight representative (i.e. not radiation hardened) and the mechanical 

structure (provided by the Bern team) will be equivalent but with different CTE. The AIV of the final model will take 

place at industries premises, under INAF supervision. The construction of a preliminary model prior to the realization of 

the DM can prove very helpful. 

For this reason I used 3D printing technology to create a 1:1 scale model of the telescope. This paper will present the 

details of the work that I have done to build the telescope model focusing on the pros and cons of this technique.   

2. THE 3D PRINTER 

2.1 Hardware 

The 3D printer used for this work is a “Dimension SST 1200 ES” by Stratasys. The size of the printing area is 

254x254x305 mm and the layer thickness is 0.254mm (corresponding to the resolution of the printer). This machine uses 

two kinds of materials to build the prototype. The first one is the Model Material (MM) and the second one is a Support 

Material (SM). The MM is “ABS plus”, a widespread plastic used in many everyday objects like car’s dashboards or 

electrical appliances. This material has good mechanical properties like impact resistance and toughness. MM materials 

are available in a wide set of colors like ivory, white, black, red, blue plus the option for custom colors. For my 

realization I have mainly used black and neutral color materials.  

The SM instead, is a particular polymer used as a stand for jutting out parts of the object. Practically the machine creates 

a scaffolding for the jutting out parts of the object. When the printing of the object is finished, the SM is removed either 

mechanically, if possible, or with a solvent in a particular “washing machine” called Support Cleaning Apparatus (SCA).  

 

 

 
 

Figure 1. In the left side the 3D printer , in the middle top and in the right top the printing chamber, in the middle down 

the washing machine, in the right down the cartridge. 
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Both MM and SM consist on a filament (around 1,8mm in diameter) rolled up inside a voluminous cartridge. The 3D 

printer has a specific slot where this cartridge is situated and it is not possible to invert the “toner” because the slot for 

SM doesn’t support the MM cartridge and vice versa. Inside each cartridge there is 1Kg of material. 

In practice a 3D printer consists of two important mechanical parts: the head and the Z-Platform. The head has two 

nozzles (one for MM and the other for SM) and it can move in the x-y direction across a rail. It has also an electric 

resistance that reaches a temperature of about 280/300 °C to melt the material. The material comes out for extrusion, 

driven by two little wheels which push the filament inside the nozzle that reduces the diameter of the filament to 0.254 

mm. The Z-platform instead is a horizontal plate which is moved vertically along the z axis through an endless screw. A 

removable base model is connected to the Z-platform. The base model has a rough surface where the SM adheres. All 

this mechanisms are inside a hot camera with a constant temperature of 75°C. 

The printing process is a combination of the head and Z-platform movements: the head movement (that extrude the 

plastic) is used to print within a layer while the Z-platform movement is used to develop, layer by layer, the height of the 

object. SM (for the jutting out parts) grows up at the same time of MM, layer by layer, in fact the head has a mechanism, 

called toggle bar, that conveniently switch on the required nozzle.  

The 3D printer works with the STL (STereo Lithography interface format or Standard Triangulation Language) file 

format which can be imported or exported by all the 3D software like Blender or Inventor. In theory, it should be 

necessary to check if the surfaces or the mesh are closed. In fact, in the STL file format, every 3D solid is considered as a 

combination of tiny triangles, each one defined by its three vertex. Care has to be given to avoid the situation in which 

the vertex of adjacent triangles are not strictly corresponding otherwise the solid is namely unproperly “ended”. While 

Inventor has a specific tool for 3D printing STL, with Blender the users need to verify the mesh to be closed (for 

example with the “remove double” button). In any case there are several free software (like NETFABB) where it is 

possible to check and eventually repair the 3D files.  

 

2.2 Software – The CatalystEX interface 

Once the STL file is appropriately set up it can be imported in the 3D printer software CatalystEX. This software allows 

to orientate the object, select the thickness of the layer, the scale, three levels of density, the position in the base model 

and other things. Catalyst's interface is divided into tabs, you can add a job to the pack at any time, but it's usually best to 

go ahead through each tab one at a time to see what Catalyst is planning to do with your model. Here is a short 

description of each tab. 

General: used to control the STL model and to see how it looks. Here you set the STL scale size and fill types. Fill types 

control how solid parts are filled in: 

 “Solid” will make a truly solid part 

 “High density” will make up an internal structure  

 “Low density” will make up an internal structure like a honeycomb but with square section 

Orientation: Here you can re-orient your model in order to minimize the support material needed. Note that printed 

pieces are weaker vertically (the plastic is weak between the layers), so if you're really looking for strength in a narrow 

spot, orient accordingly. 

Pack: Here you can pack many objects into one printing session, and also get estimates of the amount of material and 

time needed to print. 

Printer Status: Tells you interesting information about the printer, including the amount of material left. 

Printer Services: Tells you about various printers, if you have more than one on the network (we don't). 

The workflow to print an object is the following: choose File-> Open STL to import your .stl file, set your options on the 

general tab, orient it on the “Orientation” tab, then use the "Process STL" button to convert that STL into a toolpath. A 

toolpath (saves as a .cmb) is the path along which the machine has to run the head around to create the model you want. 

After this step, Catalyst may report an error, meaning that it didn't like your model and can't figure out how to print 

something. 
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One very useful feature is the ability to look at exactly how a model will be printed on the orientation tab. Using the 

layer selection buttons, you're able to see your model divided up into slices, with red being a slice of your actual model 

and blue being a slice of the support material. You can further look at individual slices and see how each slice will be 

filled in. This will tell you if there are going to be any gaps in places you may not expect them, and will give you a good 

idea of what may stick together due to being too close. If you pay close attention to this, you won't have any surprise 

when your model prints. 

There's also the ability to pack many models into one printing session, and this same tab tells you approximately how 

much time and material will be used. This is handy so that you can avoid running out of material at mid-model.  

 

2.3 3D Printing precision 

The 3D printer is generally quite precise but the precision depends on the geometry of the object. The quality of the 

finish has several variables such as: 

1. orientation of the object relatively to the model base: it’s better to build a glass in a vertical position rather than 

overturned; 

2. complexity of the shape: if you want to build a spherical cap it’s better doing it in a vertical way rather than 

leaned on the plane surface because some curvature radios are hard to be closed by the machine; 

3. presence of the support material: where the MM needs the scaffolding, the finishing of the surface could be not 

so good.   

In general also the quality of the 3D drawing has an important role in terms of density of mesh (the higher the better). 

 

 

 
 

Figure 2. A set of three cubes printed in the several densities available to check the precision of the printer. 
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Table 1. Printing precision measured for different densities 

Model Filled Higth density Low density 

x 30.08mm 30.05mm 30.03mm 

y 30.02mm 29.98mm 29.95mm 

z 30.50mm 30.53mm 30.52mm 

weight 26,18g 20.75g 9.86g 

 

 

 

Figure 3. In this figure you can see the difference of printing orientation. The model on the left was printed 

parallel to the base model, that on the right it was printed in the vertical direction. 

 

3. PRINTING OF THE TELESCOPE 

3.1 Description of the Telescope components 

Cheops Instrument System main parts, visible in Figure 4, are the baffle and cover assembly, the optical telescope 

assembly, the Focal Plane Module, the back-end electronics and the radiators. 

 

In particular, for the purpose of this writing, TEL is the subsystem composed by the following elements: 

 an opto-mechanical tube, consisting of a mechanical structure mounting the primary (M1) and secondary (M2) 

mirrors 

 a carbon fiber Optical Bench (OB) 
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 the Back-End Optics (BEO), consisting of a mechanical part mounting a set of small optics (namely D1, M3 

and D2). 

  
Figure 4. A Schematic view of the Cheops Instrument System 

 

3.2 Mechanical Drawing and cutting parts 

There are many advantages of 3D printing; with it you can print everything, any shape and assembled parts. The typical 

example is the whistle, which is made up of the body and an internal ball. With the 3D printer you can send to print the 

whole assembly and the software thinks how to execute the job. Not only are the whistle and the sphere created but also 

the air space is created and filled with the SM and, after washing, the object is complete. You can print screwed 

connecting parts together (which in this case are welded).  

Once we obtained the mechanical drawings of the CHEOPS telescope, I studied it in order to understand, for example, 

how to cut the biggest elements which didn’t fit in the finished dimensions of the printing chamber. I’ve mostly used two 

different techniques to cut the parts: in the first case the shape is like a jagged square (for internal tube), in the second 

case the shape has a male and a female joint (structure tube).  

Some parts of the telescope are much bigger than the printing area, like the internal tube situated around the primary 

mirror. The tube has a diameter of 360 mm and height of 340 mm while the camera printing area is 254x254x305mm. 

The thickness of the cylinder is few millimeters. In the real model there are parts in carbon fiber or/and aerospace metal 

materials. The object instead is in plastic that in general is not a problem if it was produced by die casting, but the 

particular way of building, that is layer by layer, makes it weak along the layers. Moreover, there are others 

considerations to do, like the cost of every cartridge, both MM and SM. Usually, but this is not a rule, the SM needed is 

only 15-20% of the MM object, but it depends on the complexity of the shape. In the specific case of the baffle or 

internal tube we have the vanes that are about 5 centimeters from each other. For this reason, each vane in the tube needs 

a scaffolding. The final result is that the SM is equal to MM and the cost doubles.  

3.3 The internal tube 

The internal tube is a big pipe with a diameter of 360mm but if you consider the flange it becomes 400mm wide and 340 

mm high. It is attached to the optical bench through three bipods which support also the primary mirror. 

The jagged square shape is a good technique and the final result is quite solid, but in the specific case of internal tube is 

not so practical. In effect the gluing was uncomfortable because of the cylindrical shape and the presence of the vanes. 

After the gluing I have adjusted it with car plaster, smoothed and applied an adhesive carbon fiber texture. On the 

external side I didn’t have any technical problem but on the internal side the vanes have instead created several troubles. 

For this reason I have chosen to smooth out the surfaces as well, I haven’t plastered them but just painted. In figure 5 on 

the left side you can see two out of the eight parts that compose the internal tube. The brown part is the scaffolding used 

for vanes. 
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Figure 5. Left: Internal tube printed with a black plastic. You can see the square jagged cuts and the scaffolding material for 

vanes (the brown material). Right the structure tube in ivory color and the male/female joint.  
 

3.4 The structure tube 

The structure tube is a tube around the internal tube and it is joined to the optical bench. The maximum amount of 

diameter space is 480mm and 380mm of height, for this reason I needed to cut the tube in 12 parts. This time I have 

opted for another kind of cut with a female and male joint. This technique is very handy and it's enough to connect the 

several parts and glue them. The problem of this mode is that I had to increase the thickness by few millimeters to create 

the cut shape shown in figure 5 (right side).  

I also applied some magnets, in a way such that the tubes of the telescope can be opened in two halves.  

 

3.5 The Optical Bench (OB) 

From the beginning, the optical bench (OB) appeared difficult to print because of its size. In fact I needed many 

cartridges and about six days to print it. The final result is a puzzle of pieces to paste.  

As the optical bench is a support structure, it was important to be a monolithic block. For this reason I decided to make it 

as it was but using different materials. The optical bench is made up of various parts: a honeycomb structure with a 

thickness of 50 mm between two carbon fiber plates with a thickness of 2 mm. I replaced the carbon fiber with PVC and 

the honeycomb with Styrofoam. The two PVC plates were made with a CNC (Computer Numerical Control) machine. In 

this way I drastically reduced the costs and I saved time.  

A funny aspect of 3D printing is that you can make any device to solve your little problems. For example to drill the 

Styrofoam I didn’t have the drill tool so I have drawn the device and I printed it by myself (Figure 7). 
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Figure 6. The optical bench is made up with a Styrofoam plate between two plates of PVC. The blue 

toggles are glued to the optical bench and are used to connect the several tubes with screws.  

 

 

 
Figure 7- The drill tool built with the 3D printer used to make the holes in the Styrofoam.   
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Figure 8: The complete model of the telescope. 

4. CONCLUSIONS 

  3D printing is in general a valid technique for rapid prototyping that permits to have every object in different shapes 

saving money and time. In fact it is sufficient to draw what you need and send it to print quite as easily as printing a 

document. In this way it’s possible to skip some time consuming steps like commissioning the work to third parties. 

The device has some positive aspects and some limits. With it you can easily make complex shapes that would be 

laborious and that would require manpower and complex metalworking.  

On the other hand, the limits of the printer I used are above all the materials and the mechanical properties of the 

building technique. Indeed there are printers that use other types of materials like aluminum but at the moment these 

devices are very expensive.  

I hope that the evolution of this technique and the research in the material fields will contribute to make this technology 

more accessible. There already are printers that print at the same time different materials in various colors and with a 

better resolution. There exist also saw machines able to print transparency plastic and this could be very useful in the 

optical field.   

Moreover, try to imagine if every research agency could build by itself the single parts of their instruments or even better 

if a3D printer is placed on board of a space station (they are already studying how to do this). This would permit to build 

and change little spare parts remotely. 

Proc. of SPIE Vol. 9143  91435E-9

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/10/2015 Terms of Use: http://spiedl.org/terms



 

 
 

 

REFERENCES 

[1] C. Broeg, A. Fortier, D. Ehrenreich, Y. Alibert, W. Baumjohann, W. Benz, M. Deleuil, M. Gillon, A.Ivanov, 

R. Liseau, M. Meyer, G. Oloffson, I. Pagano, G. Piotto, D. Pollacco, D. Queloz, R. Ragazzoni, E. Renotte, M. 

Steller, N. Thomas and the CHEOPS team, “CHEOPS: A Transit Photometry Mission for ESA’s Small 

Mission”, EPJ Web of Conferences 47, 03005 (2013)  

[2] Fortier A., Wehmeier U.J., Benz W., Broeg C., Cessa V., Ehrenreich D., Thomas N.,  “CHEOPS: a Space 

Telescope for Ultra-high Precision Photometry of Exoplanet Transits”, Proc. SPIE (2014) 

[3] Latham, D.W.; HARPS-N Collaboration, “HARPS-N: A new ool for characterizing Kepler Planets”, AAS 221 

(2013) 

[4] Wheatley, P.J.,  Pollacco, D.L., Queloz, D., Rauer, H., Watson, C.A., West, R.G., Chazelas, B., Louden, T.M., 

Bannister, N.,  Bento, J.,  Burleigh, M., Cabrera, J., Eigmüller, P., Erikson, A., Genolet, L., Goad, M., Grange, 

A., Jordán, A., Lawrie, K., McCormac, J., Neveu, M., Walker, S., “Next Generation Transit Survey (NGTS)”, 

Proc. IAU 299, 311-312 (2014) 

[5] Ricker, G.R.; Winn, J.N.; Vanderspek, R.; Latham, D.W.; Bakos, G.A.; Bean, J.L.; Berta-Thompson, Z.K.; 

Brown, T.M.; Buchhave, L.; Butler, N.R.; Butler, R.P.; Chaplin, W.J.; Charbonneau, D.; Christensen-

Dalsgaard, J.; Clampin, M.; Deming, D.; Doty, J.; De Lee, N.; Dressing, C.; Dunham, E.W.; Endl, M.; Fressin, 

F.; Ge, J.; Henning, T.; Holman, M.J.; Howard, A.W.; Ida, S.; Jenkins, J.; Jernigan, G.; Johnson, J.; 

Kaltenegger, L.; Kawai, N.; Kjeldsen, H.; Laughlin, G.; Levine, A.M.; Lin, D.; Lissauer, J.J.; MacQueen, P.; 

Marcy, G.; McCullough, P. R.; Morton, T.D.; Narita, N.; Paegert, M.; Palle, E.; Pepe, F.; Pepper, J.; 

Quirrenbach, A.; Rinehart, S.A.; Sasselov, D.; Sato, B.; Seager, S.; Sozzetti, A.; Stassun, K.G.; Sullivan, P.; 

Szentgyorgyi, A.; Torres, G.; Udry, S.; Villasenor, J., “The Transiting Exoplanet Survey Satellite”, Proc. SPIE 

(2014) 

[6] Magrin D., Ragazzoni R., Viotto V., Farinato J., Bergomi M., Dima M., Marafatto L., Greggio D., Munari M., 

Pagano I., Scuderi S., Benz W., Piotto G., Broeg C., Fortier A., “Shaping the PSF to nearly top-hat profile: 

CHEOPS laboratory results”, Proc. SPIE (2014) 

[7] Dima, M., Farisato G., Bergomi M., Greggio D., Farinato J., Magrin, D.,  Marafatto L., Ragazzoni R., Viotto 

V. “From 3D view to 3D print”, Proc. SPIE (2014) 

 

Proc. of SPIE Vol. 9143  91435E-10

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/10/2015 Terms of Use: http://spiedl.org/terms


