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3D Printing for Modelers
PART 2: The Software & Design

In Part one I covered the technical aspects of resin 3D printing. In this part I want to introduce the software and design essentials that enable 3D printing to work. As I noted, most failures come from errors in design or setting up the parts for printing, not in the technical aspects of the printer. The printer will attempt to reproduce anything you tell it to do.
There are several ways to derive 3D printable designs. If you’re not able to work 3D drawing software yourself, you can download executable 3D STL files from Internet sources. Some of these are free and others are for various charges depending on complexity and copyright issues. The STL file contains the graphic information about the physical shape of the object. If you are able, you can draw your own 3D objects in 3D drawing programs. I use SketchUp Make. This is the free version of SketchUp that was made available by Trimble Software several years ago. Recently, the company went away from a stand-alone free program and now offers a free version run from the Cloud. It no longer resides on your own computer. There are other design programs available. 360 Fusion is used by many schools due to its simplicity. Blender and Mesh Mixer are both free programs that are specifically designed to draw organic 3D shapes. SketchUp’s sweet spot is architectural drawing. It is wonderful for creating conventional shapes and simple curves, but is more challenging when drawing complex curves and free-form shapes (aka organic). To draw figures and animals, SketchUp has trouble. It can be done with additional add-on programs and extensions, but even then it is sub-optimal. Blender and Mesh Mixer are geared specifically to create compound curves. Their main drawbacks are steep learning curves and arcane concepts that must be mastered. While I have both of these packages on my laptop, I have not yet spent the quality time to learn them.
Regardless of the software used, the file must be exported as an STL. While SketchUp does not have a native STL converter, one is available at no charge from the SketchUp Extension Warehouse. The STL file tells the printer what the overall object looks like, but does not tell it how to actually print all those layers. That’s the “Slicer’s” job. The slicer is like a CAT Scan. It takes the STL object and divides into a series of parallel slices based on your defined layer thickness. Each layer is displayed on the LCD as a series of clear and black shapes that either pass or block the UV light through the LCD mask and to the resin. Any clear areas will be exposed and hardened. Any masked areas will remain liquid resin. 
If the object is 2 centimeters high and the layer height is 40 microns, the slicer creates a series of 500 images corresponding to the 500 layers of the part (20/.04). If each layer takes an 8 second exposure, the total print time would be one hour and 6 minutes. It’s just math. The slicer tells you all this directly; the number of layers and the time to print. That’s the simple explanation.
Unfortunately, there’s a bit more to think about. I noted in Part 1 that there is a suction force developed between the hardened resin and the FEP surface. To minimize this suction and facilitate the z-axis lifting the hardened resin, you set up the part in the slicer at a bias, often at 45 degrees. So if it’s a long part that would present a broad/long contact surface, raising it to 45 degrees would greatly reduce the contact area. This helps ensure that the part doesn’t stick to the FEP and separate from the platen. 45 degrees is not a rule. It’s a starting point. Sometimes the part geometry puts surfaces more in contact at 45° than if left alone, or if a different angle is chosen. Furthermore, it is not uncommon to rotate and twist the part’s orientation in more than one plane, again to facilitate lifting the growing part from the FEP. Furthermore, parts with thin cross-sections are somewhat stronger when printed on a bias instead of parallel to their long axis.
So let’s look at a simple example. The slicer that came with the Elegoo Mars is ChiTuBox. It’s a decent piece of software and gives you all the standard and optional features to do what you want when setting up the part for printing. The amateur version is free and it is regularly upgraded. The screen when you open the software is divided into two sections: a graphics 3D display area that simulates the part as its being printed on the machine, and a data area that is context sensitive. 
[Slicer Layout 1.png]{Slicer screen layout when you first open the software}
When you download the object it plops onto the platen flat and usually across the space. The first tab, the PART POSITIONING TAB, lets you adjust the location of the object in all three axes, and it lets you change its angularity vis a vis the printer’s primary axis.
The second tab is the SUPPORT GENERATION TAB. This tab lets you automatically or manually generate the supports that enable the part to print at all. 
[Slicer Layout 1.png]{Support Generation Tab lets you establish automatic and manually applied supports to the part}
In this tab you are given a myriad of choices, but fear not, if you just click on PLATFORM or ALL (at the bottom right) the computer will generate what it ‘thinks’ are the best placements of the supports to successfully print the job.
For an example, I want to print the obelisk from 2001 Space Odyssey. I can plop it on the platen shown in the graphics section of the ChiTuBox slicing software. When it’s in the prone position, it will print, but will probably fail since the cross section sticking to the FEP is at a maximum. If would probably fail early on if not right away. With each layer the suction pull against the platen increases the odds that it will separate.
[ChiTuBox Slicer Concept 1.png]{A large flat object laying directly on the build platen will probably fail. This image was taken after slicing. You can see the LCD image of the large rectangle on the screen}
This image was taken after the part was “sliced”. There is a SLICE button that tells the computer to generate all the layers resulting with the part in the position you’ve chosen on the machine. The left screen continues to show the graphic representation of the part on the machine and the middle window shows an actual representation of the LCD mask. Where it’s white, the UV light will expose the resin and where black the light is blocked. From this image you can see that the exposed area is large and will exert large attraction forces to resist lifting from the FEP’s surface.
Notice also that the surface area is sufficient to adhere the object to the build platen (the cross-lined space outlined in blue) so I don’t need additional supports. You should begin to see that there are some tradeoffs here that you need to balance.
Tipping the obelisk up 45 degrees greatly reduces the surface area contacting the FEP and improves chances for success. The cross-section is much smaller, but this part will still fail immediately.
[Slicer at 45 cross section.png]{Tilting at 45° reduces attraction forces on FEP, but in this case would still fail}
The failure is caused because there is nothing holding the part to the build platen. As soon as the first layer forms it will detach and stick to the FEP. All future layers will fail also. THE PART MUST HAVE EVEY SINGLE ASPECT EITHER IN DIRECT CONNECTION WITH THE BUILD PLATE OR CONNECTED THROUGH SOME OTHER ASPECT OF THE PART. 
Enter the support system. Supports are gantry/truss-like structures that not only link all aspects of the part to the platen, but to each other support strand to prevent lateral movement. Any displacement will result in a printing defect. With the high resolutions available with resin printers, these defects will be noticeable.
The easiest way to add supports is simply to click on PLATFORM or ALL. The computer evaluates the object and adds the supports. The calculation is based on preventing “islands”. Islands are areas of the part that start to form without any contact to either a support or a previously printed aspect of the part. When a portion of a print begins to form this way, it will harden on the FEP and then either float away or stick to it creating further problems. Either way, that part of the finished object will be an error. It is analogous to bones in the human body forming in isolation to the adjoining bone. In the image below, the object was situated at 45 degrees and the slicer automatically added the support network.
[Slicer 45 degrees.png]{The result of automatically adding supports to a part on a 45° bias}
You can animate the printing process both before and after slicing is completed by sliding the cursor up or down that vertical blue line and/or clicking on the controls that flank it. During this animation you carefully watch for any aspect starting to appear without any other connections. When that happens you are making an island. You solve the problem by manually adding a support at the point where the island begins to form. You can also vary the orientation of the part. If, instead of 45°, you increase the angle, you reduce the need for supports almost entirely. You can rotate the object in the graphics view in all three axes to gain better views of what’s going on. In my MacBook view rotation is accomplished by a two-fingered drag… not particularly comfortable. It’s easier with a graphics mouse.
At this steep angle, the cross section is reduced even more and the need for supports diminishes to just the bottom. But what I trade-off with less supports to clean up I add in printing time. Note that the print time is now 8 hours and 16 minutes. Notice also that the data tells you the volume of resin consumed (which includes the supports) and the cost of resin used based on the price per liter you input into the slicing software.
[Slicer greater than 45.png]{Increasing the print angle can decrease cleanup time by reducing the number of supports, but increases print time}
I can reduce the angle below 45 degrees, but this doesn’t really reduce the amount of supports and increases surface ares so it’s not recommended. The LCD view shows not only the cross-section being generated, but it also shows the printing of each and every support. It is an exact representation of what the LCD is doing at every layer. Notice also how much shorter the print time is at 3 hours and 50 minutes since the object is now much shorter in absolute print height. Again, you’re trading print time for risk of failure.
[Slicer less than 45.png]{Decreasing print angle reduces print time at the greater chance of failure due to larger surface area on the FEP}
When placing and analyzing an obelisk, the decisions are straight forward. More complex parts create much greater complexity when designing the support scheme. In one orientation, maybe you’ll eliminate one problem, say…not having supports on a critical surface, but you’ll create another with the part on shaky ground regarding lack of build platen adhesion. In the following example the locomotive engine block includes some very tiny details that would be in jeopardy if the supports connected to them. The supports must be cut away with flush cut pliers or grinding burrs. Removing the supports can actually destroy delicate details.
This complete engine block, while being detailed on both sides, has much more delicate and critical detail on the injector side. I didn’t want that side to be burdened with supports. My experience tells me that the shock of cutting the support can destroy details that are 0.032” or less in diameter, especially if they’re only supported on one end. I tilted the object towards the other side keeping these details facing downward (remember the print is happening upside down.). Then I tilted the object on the long axis to minimize the cross-section contact area. In other words, I’m trying to solve two problems.
[Slicer Complex Example 1.png]{This complex part has details that wouldn’t do well with supports attached to them. Tilting the object away from the supports kept this surface clear.}
While there is detail on the opposite side I felt it less critical and would withstand the support cutting operation. You then watch the slice animation over and over to see if all the parts aspects are forming in correct sequence and with support. When an object is at a sufficiently steep angle it can self-support as you saw on the greater than 45 degree example. That’s why the pushrod tubes on this engine block didn’t need additional supports. The forming rod shape is supported by the previously formed rod.
[Slicer Complex Example 2.png]{This is less-detailed side of a complex part. Analyzing the part before positioning helps to identify where supports can help or hinder}
The Drawings:
Let me step back a bit to the SketchUp drawing. In order to print the 3D drawn object must pass two tests: it must be a “solid” and must have all “normal” faces. An explanation is in order. For 3D drawing purposes, a “solid” object is an object where all faces and edges are connected to one another and if it were filled with water, nothing would leak out. If there is a hole, the slicing software would see that part as open and it would not print. Normal facing surfaces are more arcane. When you draw a shape in SketchUp, you start with a 2 dimensional object such as a rectangle. You then extrude (or pull) this rectangle into a box. If you extrude in one direction, the faces that are on the outside are normal facing, and those on the inside are the reversed faces. If, on the other hand, you pull the shape into a box from the opposite direction, the outside faces would be reversed and the inside faces are normal. It’s analogous to pulling on your socks. Pull them up one way and the outside surface is showing (normal), but pull it up the other way and the inside (reversed) surface is showing. SketchUp doesn’t care! But the STL converter cares a great deal. It sees reversed faces as invisible. After converting the shape to an STL you can look at it in a file previewer and rotate it around to see if everything’s kosher. A reversed or open face with be missing entirely. If you put that drawing into the slicer it too would show missing surfaces and the print would fail.
SketchUp defaults to showing reversed faces as a gray that’s often hard to discern. Before I found out that you can change this color, I was missing them and getting print failures. But you can change the color and the first thing I do when starting a new drawing is to change the reverse face color to a bright red or green. Suddenly, the reverse faces show up and can be fixed. When I create a drawing from scratch, I make sure everything is solid and normal faced as I go along. The trouble begins when I download a completed 3D object from the SketchUp 3D Warehouse. People that upload their models to the Warehouse often are not drawing to meet 3D printing requirements. Let’s look at an example.
In this instance I downloaded a completely drawn railroad truck. If I attempted to convert it STL, slice it and then print it I would be greatly disappointed. When you first download the drawing, it comes through with the textures turned on. It looks very complete and quite nice. 
[Railroad Truck Download image.png]{A railroad truck 3D drawing as downloaded from SketchUp’s 3D Warehouse}
When I turned on the textures, and show n SketchUp’s default colors, here’s what I saw.
[Bad Truck SU Default.png]{A downloaded railroad truck from the SketchUp 3D Warehouse shows a terrific drawing.}
Looks pretty good… Great details and profiles. Would make a great 3D print. But when I changed the reverse face colors to something more noticeable, here’s what I got.
[Bad Truck Reverse Face Expose.png]{When I change the reversed face displayed to something more obvious, I get an entirely different impression}
And if I converted this unedited drawing to an STL, here’s what that looked like. You can see that, while the wheels look like… well… wheels, there’s something clearly missing.
[Bad Truck STL.png]{After converting to an STL, many faces simply don’t exist}
And if I then sent this to the slicer, here’s what I’d see. Everything that is black in this image would not print. And since these faces wouldn’t print, anything that would have been naturally connected to them wouldn’t print either. The entire part would be a failure.
[Bad Truck Slice.png]{The truck with the reversed faces shows up as black in the slicer. Black surfaces are non-printable}
The backs of the side frames are black and wouldn’t print. And if the backs don’t print, the part is no longer a solid and therefore the entire side frame wouldn’t print. It’s very disruptive. You can find a terrific model on SketchUp that looks exactly like you want, but when you analyze it you may be left with hours of cleanup work to make it printable.
Sometimes SketchUp artists will draw the faces of objects and forget to close their backs. Or the object can look really complete until you evaluate it very closely and you’ll see missing faces that would prevent a part from printing, but it may be very obscure. In this drill press besides the knobs being reversed faces and not printable, I had to view it from underneath to see that the original artist didn’t put a bottom on the work table. It would not have printed! I had to close off that surface so the table would be “solid” and print.
[Drill Press Bad Spots.png]{When viewed from below, you can see that the drill press table didn’t have a full bottom and therefore wasn’t solid and non-printable}
Another consideration when simply loading a SketchUp Warehouse drawing to the printer is sizing small details. Many SketchUp drawings are attempts to make them photorealistic. In 1:48 this will result in some features printing too fine to sustain themselves. This is especially noticeable when printing details such as hand wheels, levers, shafts, etc. I they are much less than an inch in diameter in 1:1, they will be so fragile printed that they may not make it out of the clean up stage. With these features I usually enlarge their cross-sections 30 to 50% or more. In some cases I’ll forgo worrying about them and add them as metal enhancements later on. 0.022” in resin is very, very fragile, whereas that size in piano wire or phosphor bronze is very strong. I had to do this with the drill press. I tried three times to print the drill press with it’s operating handles. The first time was with the them still attached to the machine. Then I tried to print them separately and enlarged them, but still no joy. I finally resorted to soldering them together out of brass and it worked.
In other words, successful prints depend on the drawing and slicing process almost entirely. All the time spent paying attention to minute details pays off with one successful print after another. Sometimes it’s actually faster for me to draw something from scratch than to download a finished object from SketchUp. If you can find a complete STL file that’s already been proven to print successfully then your work will be much easier. There are some modeling sites, few and far between, that have scalable parts for the things we build.
I hope Part 1 and 2 gave you some grounding in what 3D resin printing is all about and provided some encouragement to give it a try. As my son said to me before I bought my printer, “For three hundred bucks how wrong can it be.” It wasn’t wrong at all and revolutionized my approach to model making. If I can dream it, and draw it, I can make it.
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