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ABSTRACT: 

Title: Test and Evaluation of an Artec Leo 3D Scanner 

 

Author: Chelsea Reichard, B.S. 

Advisor: Brian A. Kish, Ph.D. 

 With new and innovative technologies, companies have begun utilizing 3-

Dimensional Scanners to reverse engineer objects of virtually any size or complexity. 

These scanners increase efficiency, allowing companies to import physical items into 

the computer without the hassle of modeling it themselves in Computer Aided Design 

(CAD) software. Although these highly advanced devices can be very fast and effective, 

we will be studying the surfaces that are incompatible to these scanners. The study 

performed in this research will test the limitations of a new, highly advanced, wireless 

3D Scanner; The Artec Leo. For many scanners, including the one used in this thesis, it 

is exceptionally difficult to capture items with reflective, repetitive, single-colored, and 

low contrasting properties. We will attempt to scan a large, reflective, single-colored 

cavity mold designed for producing racecar bodies. Using the newly generated 

computer render of the car, racers can modify the vehicle to allow for their specific 

needs. This process allows customers utilizing the mold to evaluate things such as the 

fit of the body over their chassis as well as the effects on aerodynamics caused by their 

changes. The results of this thesis will evaluate the performance of the Artec Leo 3D 

tether less scanner based on its ability to obtaining the shape of the racecar cavity mold. 
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CHAPTER 1: INTRODUCTION 

1.1 BACKGROUND 

3D scanners were invented in the 1960s and use multiple photos and/or scans to 

create a three-dimensional image of an object on the computer. This technology 

has evolved into a practice that is used in so many different fields. Some of these 

fields include the Medical field for 3D ultrasounds, manufacturing for reverse 

engineering, geographic discoveries to preserve the findings and information, and 

even entertainment to create 3D models for video games and movies.   

 

The first 3D scanner was made up of cameras, lights, and projectors to help 

capture its dimensions. These were very complex devices that took experience, 

patience, and multiple renditions to accurately scan items. Eventually, designers 

evolved by using lasers, white light, and shadows to capture their items. This 

allows for a greater observance of depth perception by reducing the necessary 

angular capturing required in older versions of the devices. Other techniques 

simply use multiple photos from many angles to construct an object which is 

known as photogrammetry. The technique that the Artec Leo uses is a mix of these 

two methods of object capture. According to the Leo technical specs, the Leo uses 

3D High Definition Resolution which is what allows it to scan black and reflective 

surfaces which is a major shortcoming for most if not all other scanners. Using 

this advanced technology, these scans, also known as frames, have enough data 

to fully construct an object. The computer software associated with this scanner 

is Artec Studio 15. This software has a post-processing tool that fuses these frames 

together to then form a single three-dimensional object that can be smoothed then 

exported as a Parasolid file.  
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For these reasons, 3D scanners are emerging as the new go-to for innovation and 

design. Companies and designers are turning to this resource to better the quality 

of their product as well as reverse engineer existing ones. As with most emerging 

technologies, these scanners have their flaws as mentioned before. Some of the 

features that make objects hard to scan are their texture, surface finish, and 

geometry, which is the subject of our testing. 

 

The object being scanned is a composite body mold for a Jet Funny Car. A Funny 

Car is a class of vehicles in drag racing that is made up of a tilt-up composite body 

that vaguely resembles the manufacturers production model. These vehicles also 

have a custom chassis with a front mounted engine compared to dragsters that 

have rear mounted engines. For Jet Funny Cars in general, there are two different 

types. The first resembles a short chassis dragster, where the engine is behind the 

driver, with a composite body overtop. The second is a side steer vehicle, where 

the body is the same, but the driver sits forward and to the side, usually sitting 

right next to the fan blade section of the engine. Because of the power and high 

velocity of these vehicles, the body is immensely important for stability control. 

The body allows the vehicle to stay grounded using the downforce produced.  
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1.2 PURPOSE 

The purpose of this thesis is to obtain an accurate and workable 3D model of a 

full racing body using a 3D scan of the mold seen below.  

 

 

 

Figure 1: Oldsmobile Cutlass Body Mold 

 

This information is critical for the application of changes to the body for the 

production of a new and improved generation of Jet Funny Cars. The major 

modification being implemented is cutting a large inlet hole in the center of the 

front of the body to accommodate the jet engine inlet. To test the downforce, drag, 

and most importantly safety, an accurate model of the body is imperative. We will 

take advantage of these methods throughout the Flight Test Engineering courses 

at Florida Institute of Technology to validate the performance of a 3D scanner 

with the goal of obtaining an accurate CAD model of this body. The procedure 

being implemented will demonstrate how Flight Test methods can be used in a 
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multitude of different fields. In Flight Test, you are trained to design experiments 

to evaluate and validate the performance of an aircraft and its tools ranging from 

sensors, to mechanical equipment, to avionics/electrical systems. For this 

research, we will be doing exactly that to evaluate the performance of a newly 

released, high tech 3-Dimensional scanner to obtain the information needed. This 

scanner is advertised to be one of the most highly rated with onboard real-time 

processing. In addition, this apparatus is one of the first to successfully scan 

reflective and flat surfaces. This study will test its capability of scanning and 

modeling hard to read surfaces without targets to see how well it performs. Once 

this test is complete, we will use the taping technique to compare the results from 

the un-marked scan, to the taped scan.  

 

The manufacturer of this product (Artec 3D) claims that they were able to scan an 

entire car in 20 minutes and complete the post-processing in less than an hour and 

a half. Although a model of a car will be acquired from this study, we do not 

expect to meet that 20-minute scan challenge due to the surface finishes we are 

dealing with. The final render of the vehicle scanned by Artec 3D can be found 

below.   



5 

 

  

Figure 2: Car Body Scan using an Artec Leo 

 

1.2 DESCRIPTION OF TEST SUBJECT  

The body used for this study is planned to be manufactured for use on 2 jet funny 

cars. The features of this body are modeled after an early 1980’s Oldsmobile 

Cutlass. This composite body mold is the most frequently used funny car body in 

drag racing. Funny car champions such as John Force, Cruz Pedregon, and Don 

Prudhomme during their long and distinguished careers drove a car from this body 

mold. This body was even used when John Force won his first Championship, this 

car is pictured below.  



6 

 

 

Figure 3: John Forces First Championship Top Fuel Funny Car 

 

 Other drivers that used this body style include Larry Minor, Frank Pisano, Ed 

McCulloh, and Jim Epler just to name a few.  As these bodies began to become out 

of date, Jet Car Drivers took a special interest in them because of their uncommon 

features. Starting with the front of the body, the front end has a steep slope making 

it easier for drivers to see out of. The low frond-end also allows for engine inlet 

design variations. With how far forward the windshield sits as well as the wide 

roofline, there is extra room for the driver's compartment which lends itself nicely 

with side steer cars. The last important feature of this body is the raised rear deck. 

This rear deck is super important in jet racing because it allows space between the 

engine and the body reducing damage to the body due to excess afterburner heat. 

The raised rear deck is also very aerodynamic allowing the air to easily flow over 

the car and flow off with minimal turbulence. This flat plane wing design also 

allows for downforce production without excessive losses at high speed. The 
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capabilities and adaptability of this body is a known quantity, and many jet car 

drivers such as Martin Hill, Daren Bay, Mike Hojnacki, Bob Benschiver, and many 

more have taken advantage of this shell for their jet funny cars. From an engineering 

standpoint, this body is the ideal shell for side steer jet funny cars such as the one 

featured below which is driven by Martin Hill.  

 

 

Figure 4: Fire Force Jet Funny Car 

 

Although the image above does not look exactly the same as the body under 

investigation, it was made from the same exact mold. The modifications made to 

this vehicle include lowering the body by trimming a few inches off the bottom and 

adding wheel wells so that it can accommodate the lower front end.  

  

1.4 DESCRIPTION OF HARDWARE 

Artec 3D offers a variety of different scanners to choose from. Each scanner has 

a specific set of features that tailer to different scanning scenarios. For this 
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scenario, we required a portable scanner that could handle large geometries with 

the capabilities of scanning semi-reflective, single-colored, and flat surfaces. For 

this application, the Artec Leo was the most suited to perform this scan. As seen 

below, the Artec Leo meets all the necessary requirements; it is portable (tether 

less), is capable of scanning medium to large objects, and does not require targets 

making the setup effortless.  

 

Table 1: Scanner Options and Capabilities 

 

 

According to the manufacturer [Artec 3D], “[The Leo is] the first 3D scanner to 

offer onboard automatic processing, Artec Leo can provide the most intuitive 

workflow, making 3D scanning as easy as taking a video.” The Artec Leo’s 

technical specs and preview of the scanner can be found below. 
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Table 2: Artec Leo Technical Specs 

Display Built-in half HD touch panel screen 

Processing On-board real-time processing 

Volume Capture Zone Over double the size 

3D Reconstruction rate, up to 80 FPS 

3D Resolution, up to 0.2mm 

3D Point Accuracy, up to 0.1mm 

Color Resolution 2.3mp 

Structured Light Source VCSEL 

Position Sensors Built-in DoF inertial system 

Connectivity Wireless connectivity and data transfer 

Power Source In-built exchangeable battery 

Multi-Core Processing NVIDIA® JetsonTM TX1 

 

 

Figure 5: Artec Leo 3D Scanner 
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The built-in touch screen panel allows the user to maneuver the scan and inspect 

it for areas that either need to be scanned or rescanned making it easier to check 

the scan quality. The “volume capture” zone makes it perfect for larger projects 

such as the racecar mold and its reconstruction rate increases the speed at which 

a total image can be created. The most important features to recognize are the 

resolution and point accuracy since these are the major issues with 3D scanning 

precision. The VCSEL technology used in this scanner has a great advantage over 

older scanners due to its exceptional resistance to ambient light. One VCSEL 

study states that (Vertical-Cavity Surface-Emitting Lasers for 3D Depth Detection 

2020) “VSCEL devices mainly apply to the emission of light source for the 3D 

depth detection module, providing solutions with different wavelengths, 

brightness, size, and beam angle selection.” In simple terms, this technology is 

capable of capturing an object in a large variation of lighting compared to other 

products.   
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CHAPTER 2: LIMITATIONS 

2.1 BAD GEOMETRY 

The first major limitation in 3D scans is geometry. Artec Studio 15 classifies flat, 

fine, and repetitive geometry as bad geometry with examples shown below.  

 

 

Figure 6: Bad Geometry Description 

 

2.1.1 FLAT GEOMETRY 

Flat objects are particularly hard to scan due to their lack of control geometry 

which is crucial when aligning multiple surfaces. This means that when a surface 

lacks multiple recognizable points, it makes it extremely difficult for the software 

to recognize where each frame, or photo, aligns with the next. For the Leo, it was 

often unable to pick up flat surfaces especially in the back half and the windshield 

of the body mold. The missing flat portion of the rear deck of this scan can be 

seen below.  
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Figure 7: Rear End Flat Surface Issues 

 

As you can see, even with the tape method, which was used to help with the 

feature recognition, the scanner still had issues collecting usable data to run the 

alignment algorithm. To make up for this error, we began a new project starting 

on the surface that was missing and then align it in the software during post-

processing.  

 

2.1.2 FINE GEOMETRY 

Small or fine objects are difficult to scan due to its lack of texture and feature. 

Scanners tend to struggle with this because there is a shortcoming of information 

available for the scanner to process. A common issue that myself and other users 

experienced is maintaining registration during the actual scan. It is also found that 

joining the surfaces is an issue because there is not enough overlap due to 

minuscule features that is it attempting to align. According to the Artec 3D 

website, the most effective way to scan these objects is from a 45-degree angle 

with high contrasting background, but unfortunately in our case, a background is 

not a viable option since we are scanning a body mold from the inside.  
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 2.1.3 REPETITIVE GEOMETRY 

The technical definition of repetitive geometry is geometry that has multiples of 

the same features, such as teeth on gears. Repetitive geometry lacks unique 

characteristics that allow the scanner to differentiate between similar scans and 

the global registration of the component. If possible, the best way to support your 

frames would be to add markings such as numbers, additional texture, or a 

distinguished background to the object.  

 

2.2 BAD TEXTURE 

The next major limitation is bad texture. Artec 3D classifies bad texture as 

anything that is monochrome, has low divergence, or repetitive features. For a 

better understanding, examples of these texture descriptions can be seen below. 

 

 

Figure 8: Bad Texture Description 

 

Monochromatic, low contrast, and patterned textures make it difficult for older 

devices to recognize movement since most scanners do not have a way to 

differentiate between frames. Luckily for our scan, this issue is being phased out 

thanks to onboard processing as well as inertial sensors and global recognition. 

These devices have come so far and become so advanced that the internals track 

your movement to assist with scans. 
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2.3 HARD-TO-SCAN SURFACE 

The last major limitation is simply known as ‘Hard-to-Scan’ surfaces. These 

surfaces are shiny, black, fuzzy, or transparent which are pictured below for 

reference. 

 

 

Figure 9: Hard-to-Scan Surface Description 

 

2.3.1 SHINY SURFACES 

Shiny surfaces make it difficult for scanners to recognize color and surface due to 

the reflection caused by the light. When this reflection occurs it essentially 

confuses the scanner and registers the item as closer or further away than the last 

scan. For example, if you look at the image below, although the scan was able to 

capture the object, it is slightly misaligned which is caused by the light reflection.  
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Figure 10: Reflective Error 

When this image is pictured from the right, the below image shows the surface 

contour error.  

 

 

Figure 11: Offset Scans Caused by Reflection 
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2.3.2 BLACK SURFACES 

Due to the fact that matte black surfaces absorb almost all light, you can imagine 

that it is exceptionally difficult for laser scanners, or any scanner for that matter, 

to pick up an accurate depiction of an object. Although it is not impossible, the 

light absorption results in extensive exposure time slowing down productivity. 

One of the most common solutions to this issue is to simply spray the item with a 

different color. For items that cannot be altered, a simple solution would be to 

coat it in an easily removable powder, such as baby powder.  

 

2.3.3 FUZZY SURFACES 

Since fuzzy/furry objects have so many singular fibers coating the surface, the 

laser tends to get lost inside each of the fibers causing it to lack some of the 

geometry. Many online sources recommend brushing longer fibers down to 

support recognition or wetting the fibers to weigh them down.  

 

2.3.4 TRANSPARENT SURFACES 

Transparent objects are still the top flaw in three-dimensional scanning. 

Transparent objects have the exact opposite effects of black objects, the light does 

not get absorbed, it doesn’t reflect either, the light and/or laser goes directly 

through the object lacking any data therefore unable to construct the object. 

Thermal scanners, on the other hand, do not use light, they use thermal images 

which is why this is the only way to currently scan clear items.  

 

2.4 ATTEMPTED SOLUTION 

The first effort to scan our body mold was to scan it as is with no help from targets 

or extra markers to have a baseline on how the scanner performed.  The image 
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below shows Larsen Motorsports intern, Maggie, scanning the body without 

targets or texture support.  

 

 

Figure 12: Un-Taped Scanning 

 

In effort to assist the scanner in recognizing the object, we placed markers using 

a contrasting colored, matte tape in multiple sections of the mold as seen below.   
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Figure 13: Adding Tape to Assist with Recognition 

 

The goal for this technique was to give the body some texture, along with high 

contrasting colors. In theory, this would assist the scanner in distinguishing flat 

and repetitive features a little easier. The main components that demonstrated 

these issues include the windshield/rear deck and the front end/ hood of the body.  
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CHAPTER 3: COMPUTATIONAL REQUIRMENTS 

Due to the nature of the processing capabilities of the Artec Studio 15 software, 

it capitalizes the use of volatile memory such as RAM. While this vastly reduces 

total processing time over traditional hard drive technology, it greatly impacts 

upfront computing costs. Additionally, with the size of the files being processed, 

not only was 128GB of RAM necessary, but 58.8GB of page files were needed to 

supplement the system to produce a finished render. The current setup on the 

computer that ran this task was a Dell Precision 5820 Tower X-Series which has 

a maximum capacity of 256GB of RAM space. The system uses an Intel i7 core 

processor which consists of 8 cores to allow for much heavier computing 

programs. The graphics card used is a NVIDIA Quadro P1000. This was selected 

to render the CAD files to prepare them for CFD.  

 

For a more efficient system that will be registering this data on a day-to-day basis, 

the major changes recommended to this setup include maximizing the memory by 

utilizing the 256GB of RAM. With the extra memory, the software will be able to 

handle files with up to 85GB of raw data without an issue. The other major change 

would be to upgrade the 4TB hard-drive to a 2TB SSD. The magnetic storage of 

the hard-drive processes at around 15 MB/sec. while the Solid-State Drive could 

process several GB/sec. The memory shortage issues experienced during the post-

processing will be eliminated with these upgrades along with the downtime spent 

waiting for the system to process each procedure.   
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CHAPTER 4: MANUAL MODEL DEVELOPMENT 

 

4.1 RAW DATA 

After multiple scans of the project are completed you can import your project into 

the Artec3D software. For larger projects such as this one, we recommend altering 

your settings to have the data compression level set to ‘Maximum Compression’ 

to help process the data quickly. Another helpful key is to load your scans one by 

one to prevent RAM shortages which will crash the program. As you get all your 

scans loaded and check them off on the right-hand side, they will appear. When 

examining each scan group, you can expect some projects to come out better than 

others which is why multiple scan projects are extremely important. As this 

technology is not a perfect science, with quick changes in movement, the origin 

of the scanner may be affected by offsetting your scans and misaligning them. A 

good example of this error can be found below where the front end is propped up 

with another scan overlapping which is angled down. 

  

 

Figure 14: Misaligned Raw Data 
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4.2 GLOBAL REGISTRATION 

Global registration is the first algorithm in creating the 3D object. Global 

registration transforms each single frame surface to align properly with each other 

as well as assign them to the same universal coordinate system. This means that 

rather than each scan being located somewhere in space, each frame is matched and 

originated from the same point. When running global registration, the texture 

should only be accounted for when texture is required; for example, artistic 

creations where the texture must be preserved. Once global registration is run, a 

number will appear under the error column in your scan workbench. This number 

represents the quality of each scan. If there is a ‘!’ next to this number, that means 

that there are failed frames that are causing your scan to be considered of bad scan 

quality. In order to work around this without rescanning your object, the failed 

frames need to be deleted before the next steps can be completed.  

 

4.2 FILTERING BAD FRAMES 

For most if not all of your scan groups and projects, once Global Recognition 

finishes, you will get a poor scan quality error meaning that you have a few bad 

frames which are preventing the algorithm from being able to create your object. 

To work around this, you will see an ‘!’ in front of your error value. For those 

scans, right-click and select ‘View Frames’. By organizing your data by error 

rather than the name you will see each failed frame in red and delete them. Once 

this is done you can run autopilot again and complete the process, as necessary. 

The poor scan quality and failed frames can be seen below.  
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Figure 15: Poor Scan Quality 

 

For each of the scans that have errors, right clicking and selecting ‘View Frames’ 

will show all of your frames and you will be able to delete the failed ones there. 

Another use of this is if you have a few offset frames, you can find them here and 

delete them rather than using the editor.  

 

Figure 16: Failed Frames to Delete 

Although it may take a few attempts to rid all the failed frames, eventually you 

will have a successful global registration allowing you to move onto the next step. 
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4.3 FUSION 

The fusion process is where the frames merge to become one solid component. 

Overall, this is the goal step. For small scans where sectioning is redundant, this 

is where your initial model emerges. Multiple fusions are a great way to get the 

most accurate render of your model.  

For large projects such as a car, the goal is to get large sections of scans. For 

example, right side, left side, windshield, roof, front end, and back end. Each of 

these scans should have a fair amount of overlap to assist with the alignment 

process. When the fusion is complete, it will have already gone through a general 

cleanup and will appear as a single colored, smooth surface. This process will be 

completed multiple times before larger models are completed since each section 

will need to be fused together. An important note is to understand the difference 

between each fusion to ensure your models are coming out as desired.  

 

4.3.1 FAST FUSION 

Fast fusion was the original algorithm that was designed with Artec Studio when 

it was introduced. It does not have any hole filling capabilities which can be fixed 

by using the hole filling tool on the left-hand side. For this project, fast fusion was 

used to get a better understanding of which frames fit best together. With such a 

large object, tolerance issues can cause major problems when aligning large 

portions of components. This tool should be used as a preview when beginning a 

project. 

 

4.3.2 SMOOTH FUSION 

Smooth fusion is a good tool when fine edges are not a requirement. This is a 

more recent algorithm added into Artec Studio to help with final renditions of 
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models. This tool does have the hole filling option where you can set the 

parameters to fill holes that have a radius smaller than what you specify. For any 

holes that need to be filled, it is necessary to use the hole filling option after the 

process has competed.  

 

4.3.3 SHARP FUSION 

Lastly, sharp fusion is the most used fusion process due to its ability to maintain 

sharp edges and its hole filling ability that the smooth fusion also utilizes. The fast 

fusion process is most like the final renders made by this operation versus the final 

renders of the smooth operation. Overall, this is the user preference due to the easy 

preview of fast fusion combined with the hole filing capability.  

 

4.4 CLEANUP 

Before choosing the fusions to use for the final object, a quick cleanup of the 

model is important to make sure any external features, such as floors, chairs, 

people, or any other object are not included. For the body mold, we removed the 

structural supports that appeared on the outside. The more data removed, the faster 

the processing will work. Other general tools that are extremely useful in this 

process include the positioning tool, transformation tool, smoothing brush, eraser, 

defeature brush, and texture healing brush. Before the final fusion, a smoothing 

process helps merge the surfaces together without additional textures emerging.  

 

4.5 ALIGNMENT 

The alignment of multiple scans is a quick process when aligning it by pairs. In 

the photo below, you can see that there are 6 pairs to help the software mate the 

objects. It is recommended to use at least 3 pairs to triangulate the alignment so 
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that the models align properly. Be sure to get pairs from multiple features and 

sides of the part.  

 

 

Figure 17:Alignment 

 

The convenient aspect of this process is that even when you mark general areas 

as the same, the software averages the tolerance for placement, and then adjusts it 

based on its geometry. For smaller objects with fewer scans, auto-align is a useful 

tool. Unfortunately for larger items, it can take up excess amounts of processing 

time or crash the system if there isn’t enough overlap between each body causing 

the program to use a massive amount of computing power to place the object. If 

the points you place do not work well, the software will not align and will allow 

you to replace your alignment pairs to try again. This tool was quite useful when 

making the final fusion of the body because we were able to use the best features 

from each project and convert them into one item.  

 



26 

 

Once all the components are prepped and ready for their final alignment, you can 

use the sharp fusion process to complete the final render and modify as needed 

using each of the Editor tools.  

 

4.7 MESH SIMPLIFICATION 

In Artec Studio 15, a mesh is made up of hundreds of thousands, if not millions 

of polygons to create what we know as a ‘mesh’. These are miniscule components 

that make up the object. To get a better understanding of them, polygons make up 

digital objects similar to how Legos make up physical objects. The more 

polygons, or Legos that make up your part, the clearer your part is. Similarly, the 

more polygons or Legos you have, the more space it takes up, physically and 

digitally. It is important to have a good balance between your mesh and your 

simulation to get the quality you require, but for a reasonable amount of 

processing time. For many programs, it is difficult to process objects with too 

many polygons, but for Artec Studio, there is a built in algorithm that allows the 

user to simplify the mesh automatically to help with the associating programs that 

may use the models created with this software. 

 

The first option in the ‘mesh simplification’ option is Accuracy. This option is 

designed so that the software will find the most accurate polygon count, without 

being redundant. This option is great for smaller models because the processing 

time is extensive, therefore it is not recommended for models that are on a time 

restriction or on models that have a higher tolerance.  

 

The second option is called ‘re-mesh’. This is the fastest option but with that 

increase in speed comes the price of accuracy. This will generate a new mesh 

extremely quickly but will have the worst results.  
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The third option is ‘Triangle Quantity’. For many programs there are mesh 

limitations which are commonly found in academic settings where the student 

version of the software only allows a finite number of polygons. For this mesh 

simplification you can input any number into the quantity section, and it will 

create the model to have up to that many polygons. 

 

The last two options are ‘UV Triangle Quantity’ and ‘UV Vertex Quantity’. These 

two are coded the same as triangle quantity except for when a user utilizes these 

two options, they do not lose the texture quality. This means that the mesh will 

vary based on where the polygon is located, and it will have a high-quality texture 

covering a lower polygon count model.  
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CHAPTER 5: AUTOPILOT MODEL DEVELOPMENT 

 

In the control panel to the left, the second option is the Autopilot algorithm. The 

autopilot button is used to generate models automatically without having to 

manually process the raw data scans. When Autopilot is used, all the scans that 

are selected and loaded will appear on the screen and only those scans will be 

processed. This process is made up of most of the tools and algorithms found in 

Chapter 4: Manual Model Development. When beginning autopilot, the software 

needs to know some information about your scan to process it properly. The 

Model creation screen appears, and the following information is necessary for the 

completion.  

 

 

Figure 18: Model Creation Default  
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For our scan, since it was a fine geometry, with a single color that was 

reflective, the following information was used.  

 

    

Figure 19: Model Creation User Setting 

 

The model creation options help with software adjust properly to each scan. The 

scan quality options and hard to scan surfaces options can be referenced in chapter 

2 of this report. The ‘Object size’ references can be seen below.  

 

 

Figure 20: Object Size Reference 
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For this research, the less the software has to process, the better since we are using 

a hard-drive, rather than a solid state drive, hence why we set the hole filling 

method to ‘don’t fill’. For smaller projects, this is a great tool to use to get the 

most out of your model creation.  

 

The process that it attempts to complete after the information is input is seen 

below. 

 

 

Figure 21: Model Creation (Autopilot) 

 

For large objects, when global registration is completed, you will have to 

complete the same steps listed in the manual post processing procedure found 

above. such as: frame screening, cleanup, and alignment.  
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CHAPTER 6: RESULTS 

 

Based on the final models of this thesis it is concluded that the Artec Leo 3D 

Scanner does an adequate job scanning hard-to-depict surfaces. The online 

support page that Artec 3D has available to assist with the scanning of large to 

huge objects was a very important step taken during the completion of this project. 

The initial scan of the body that was taken can be seen in Figure:22. Although we 

hoped for these sections to be larger, the scanner easily lost track of the object 

when moving too fast and often terminated the scan session. The first successful 

attempt at scanning the body can be found below.  

 

 

Figure 22: Un-taped Scan 1 
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Figure 23: Un-taped Scan 1 Side View 

 

 

Figure 24: Un-Taped San 1 Top View 

 

 

Figure 25: Un-Taped Scan 1 Front View 
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Since these results were not what we were expecting with a large amount of error 

with the geometry itself, we took one more scan of the body using the same 

technique at a slower pace. The second scan of the untapped scan turned out better 

than the first but was still not perfect. With slower movements, the scanner was 

more predictable and completed larger sections. In order to assist the scanner, the 

following tape pattern was added to the body before the next scan was attempted.  

 

Figure 26: Tape Pattern 

 

Using this technique, we were able to collect larger sections of the body which 

greatly reduced the post processing time of the scans. Although the scans were 
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larger, and the post processing was reduced, the scans were still not perfectly 

aligned, but were within millimeters of lining up which was acceptable for our 

uses. The large sub-sections as well as the full model made up of only taped scans 

are featured below.  

 

 

Figure 27: Taped Scan - Perimeter 

 

Figure 28: Taped Scan - Front End 
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Figure 29: Taped Scan Full Body 

 

The part that caused the most issues was the windshield. Between the taped scan 

and the initial scan, there were many errors and issue that can be seen in the final 

products.  To our surprise, the final render of the vehicle was not completely made 

up of the taped scan. Since the final render was capable of using both scans to 

create one object is another validation that the scanner has a great amount of 

accuracy with minimal tolerance. The final render of the object can be seen below.  
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Figure 30: Final Render Isometric 

 

 The textured parts of the body seen above are caused by alignment with texture, 

for our purposes, this is fine since the reverse engineering software in NX with 

replace these features with part files. The reason these sections were left was 

increase the overlap surface area. The other way to achieve this is by erasing the 

textured ends and aligning them there, this would increase the post processing 

time and would not necessarily help for our uses, hence why that was not done.  
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CHAPTER 7: CONTINUING RESEARCH 

 

7.1 THREE-DIMENSIONAL MODEL 

This body has been used on many top fuel funny cars in the past and has performed 

exceptionally well. Since this is such a successful body, it will be modified to 

allow a bell-mouth inlet hole through the front with a screen laying flush with the 

top face of the hood of the vehicle. This will allocate for jet racing purposes which 

will be implemented into the Larsen Motorsports Funny Car collection as well as 

replace the existing body on the KMC Jet Funny Car. 

 

Since a digital model of this body is not in existence, we will use the hand-made 

mold to reverse engineer this profile. Once we have completed the 3D scan of the 

mold, we can inverse it to obtain the profile of the body. Next, we will use Siemens 

NX to reverse engineer the CAD and adjust it accordingly as well as make any other 

changes necessary. 
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7.2 COMPUTATIONAL FLUID MODELING 

At this point, a workable, smooth, and accurate model of the body should be 

completed. Using this body, the goal was to complete a full CFD analysis of the 

newly modified body. The purpose of the CFD would be to evaluate the 

aerodynamic properties of the vehicle and get a visual representation of the 

airflow. This information is critical when making major modifications such as 

cutting a large inlet hole into the front because it may cause changes to the 

downforce of the vehicle. A reduction of downforce on the vehicle may negatively 

impact the stability of the car causing a major effect on its performance. When 

aerodynamic instabilities are present in high-speed vehicles a major safety issue 

is introduced. Although these vehicles are designed to go fast, their first priority 

is ensuring that the driver will be safely launched down the track.  

 

The first step to running CFD on a vehicle is importing the model. When doing 

this be sure that your model is formatted as a Parasolid (x.t) and select the course 

option for the tessellation density to reduce processing time. Once the file is 

imported you will be able to repair the surface to ensure that no surfaces are 

intersecting. Once this window pops up, going ingot the threshold and deselecting 

the face quality and face proximity which will eliminate any unnecessary errors 

that will not affect this specific analysis. Due to the symmetry of the body of the 

car a commonly used short cut can be taken advantage of, in this a half-body is 

analyzed cut down the line of symmetry. The analysis of a half body allows a 50% 

reduction in computational time without reducing the quality of the results. As 

such only the driver’s side half of the car will be simulated. With this being said, 

only tires on the right side of the body will be necessary because you will apply 

symmetry to the model in your settings.  
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The next step is generation a computational domain in which the simulation will 

take place. The computational domain is defined by a set of boundaries, in this 

case a rectangle will be used. The exterior boundary plays an important role in the 

simulation, a large computational domain will yield more accurate results but can 

be extremely taxing on the computer performing the simulation. A small boundary 

will allow the simulation to run faster but may yield poor and inaccurate results, 

this is because a small boundary limits how far beyond the body the computer is 

able to evaluate. If the boundary does not allow for sufficient flow upstream and 

downstream of the car stagnation and wake effects will not be accurately 

calculated. 

Each face involved in the simulation requires the user to input boundary 

conditions, these boundary conditions are important as they set the condition of 

the simulated air near that surface. These include inlets where air will enter the 

simulation, outlets where air may exhaust from the simulation and no-slip 

boundary which represent the stagnation of air near surface in a moving stream. 

 

 Since we only have 3 components in our design, we will need to unite the body 

with both tires. An important side note is that for ground vehicles undergoing 

CFD, the tires need to be through the floor to represent the contact patch of the 

tire to the floor, this will be very important when running the analysis because it 

will cause undesired surface conditions and may cause the simulation to fail. 

  

The next step is the mesh. Similarly, to the mesh mentioned above, a mesh is made 

up of triangulated pieces that make up its mass. These pieces will show the stress 

concentration areas when the analysis is completed. The larger area the mesh 

covers, the less accurate the stress concentration is which is why the mesh is 

extremely important. There are a few different ways to mesh the system, and 

based on the program, there may even be a generate mesh key to automate it for 
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you. When doing so it is important to pay close attention and make sure that the 

mesh size is appropriate for the geometry. If there are meshing issues you can 

refine by volume to specify certain components and what you want the mesh to 

look like. For example, prism layer meshing is important to fully capture the 

boundary layers of the flow. 

 

Using this general setup, the user can set up whichever equations they want to 

simulate. Many different simulation options can represent hundreds if not 

thousands of scenarios. In your reports section, you can specify direction and 

forces as well as pressures and references in your properties window. This is 

where numbers begin to generate, and you will need to pay close attention to 

numbers and whether or not they need to be doubled to represent the other half of 

the vehicle.  

 

For step by step procedures on how to complete these steps, Siemens has some 

excellent videos and tutorials to help along the way. The desired results for what 

I would be looking for would contain a velocity flow diagram as well as a pressure 

graph similar to the one seen below.  
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Figure 31: Star CCM+ Example Results 

 

7.3 MANUFACTURING  

The manufacturing of this shell could be considered research on its own. The 

bodies being made for the two cars mentioned are planned to be made from 

fiberglass, but the use and study of carbon fiber could reduce its weight by almost 

half. When done correctly, carbon fiber is lighter as well as stronger than 

fiberglass. This has caused composites to become a very big part of modern 

manufacturing and engineering. The analysis of carbon components is a 

complicated and tedious task. Stress points, pressure, and manufacturing are all 

considered when designing carbon components and errors in this process could 

be detrimental. When analyzed, fiber direction, layer count, and resin quantity 

determine the strength and weight of your object before it is even built. Full 

carbon fiber chassis are known as Monocoque Bodies. These are featured in many 

high-end sports cars such as the Ford GT as well as Formula 1 Vehicles.  
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7.4 USE OF THE BODY  

The body being used for this thesis will be adjusted to operate under a Jet Funny 

Car Configuration. We will use modern technology to evaluate the aerodynamic 

performance of a hand-crafted funny car design that has historically performed 

exceptionally well in the standard Funny Car classes. After the 3D model is 

completed and modified, and computational fluid dynamic (CFD) analysis is 

performed, manufacturing will begin. The body featured below is the one that will 

be replaced by the new design. As you can see in the image below, the air is 

restricted by the front of the body which is where the new design will allocate the 

extra airflow.  

 

 

Figure 32: KMC Motorsports Jet Funny Car 
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CHAPTER 8: CONCLUSION 

Although the Artec Leo demonstrated some error in the scan, the tolerance was 

within its limitations. The scanner performed better than expected especially with 

all the obstacles needed to be overcome. The scan is far from perfect, but with a 

little help from the editor tools, the entirety of the body is clear. Although there 

were many errors in the singular scans, the software used each of the groups to 

create a single model. The software was even able to combine scans that used 

different technique from different days.  

 

With everything taken into consideration, the Artec Leo Test and Evaluation was 

successful. The Scan accuracy was within its claimed capabilities and did a quality 

job capturing the geometry of the body. For hard to scan objects, I would highly 

recommend the Artec Leo 3D Scanner and its associated software, Artec Studio, 

for post processing.  
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