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Description 

TUM Boring—Innovation in Tunneling e.V.—is an initiative of the Technical University of Munich 
(TUM) comprised of 70 highly motivated students who have teamed up to innovate toward a 
greener future in which we waste less time commuting by pushing the status quo of today’s 
mobility infrastructure. To achieve this, we built the world's fastest tunnel-boring machine and 
competed in Elon Musk's Not-a-Boring Competition. This competition, hosted by The Boring 
Company, challenges teams from around the world to drill a tunnel 30 meters long and 50 
centimeters wide as quickly and accurately as possible. In this talk, we will take you on our 
unique journey from project inception in July 2020 to competition finals in late summer 2021. 
Discover how 70 passionate and determined students managed to build a record-breaking 
tunnel-boring machine during a global pandemic. 

 
Speaker(s) 

Haokun Zheng is a 20 year old undergraduate Computer Science student at the Technical 
University of Munich. In July 2020, he co-founded the student initiative TUM Boring and became 
one of the Project Leads and the Chairman of the Board. In his student initative, he has been 
working on a variety of topics including General Operations, Strategic Relationships with 
Corporate Partners, Internal Team Management, Financials and Marketing.  
 
 

 

 

Learning Objectives 

• Discover the importance of passion and determination in accomplishing difficult 
challenges  

• Learn how to collaborate and communicate with co-workers effectively in a remote 
environment 

• Learn about how student projects can influence and disrupt the industry status quo 

• Learn how to encourage innovation and draw attention to an industry through 
student competitions 
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The importance of tunnel infrastructure  

As the population-density in cities keeps increasing and urbanization is advancing, more and 
more existing transport infrastructure networks reach and exceed their originally intended 
capacity, causing traffic congestion and delays. Below are three out of many advantages of 
tunnels. 
 

 
Everyday traffic congestion – Los Angeles residents spend almost 7 full days per year sitting in traffic.  

 

Three-dimensional Expansion 
The continuous rise in population is not only met by the expansion of the city and its residential 
areas to the city outskirts but furthermore also by building denser and taller housing complexes. 
However, due to the technology and funds available at construction time, most city’s transport 
infrastructure networks only consist off planar two-dimensional street grids, sometimes 
complemented by occasional street tunnels or a subway system and are not able to keep up 
with the three-dimensional expansion trend in a long term. Here, efficient and affordable 
tunneling technology plays a key role in enabling necessary infrastructure capacity and allowing 
cities to keep growing in the future.  
 

Soil Sealing Reduction – Recovering lost real estate 
Due to the high capacity demand, street networks cover large areas in city centers. Moving the 
traffic underground would allow for a reuse of the area formerly covered by streets e.g. for parks 
and recreational areas, reducing soil sealing and creating a healthier, greener and more 
attractive city landscape. 
 

Enabling Moden Mobility Concepts 
New mobility concepts such as Hyperloop depend on long straights to enable their full potential 
and profitability, which today’s grid cannot provide. Making tunneling technology more efficient 
and affordable would provide the necessary new transport infrastructure and is a mandatory 
prerequisite in implementing new urban mobility and transport concepts. 
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Elon Musk – Founder of The 
Boring Company 

Not-a-Boring Comeptition Logo 

Our team on the competition site in Las Vegas 

The Not-a-Boring Competition 2021 

Driven by the desire to push today’s status quo of the tunnel 
boring technology, Elon Musk and his tunnel boring company 
“The Boring Company” announced the Not-a-Boring Competition 
in July 2020, challenging students from around the world to 
design and build a tunnel boring machine, that would bore 
tunnels faster than a snail could crawl. In order to compare the 
machines, the teams then race their tunnel machines at the 
competition finals in Las Vegas in September 2021. 
 

 

 

 

 

 
Competition Tunnel Technical Specifications/Requirements 
 

- 30m / 98ft total length 
- 500mm tunnel diameter 
- Must reach a depth of 1.5m / 5ft 

         

 
The fastest team to complete the tunnel wins the competition. 

 

The TUM Boring Team  

Since the Technical 
University of Munich already 
won all previous four 
SpaceX Hyperloop Pod 
Competitions, a strong team 
for the Not-a-Boring 
Competition quickly formed 
after the competition’s 
announcement in July 2020. 
 
Due to Munich’s popularity as an international study destination and excellent education, our 
team consists of over 60 highly motivated, talented and passionate students from 16 different 
countries. We have undergraduates as well as graduate students in our team and our average 
age is 24 years. With our team members, we represent the bundled academic expertise of more 
than 16 faculties from three Munich Universities and are furthermore strongly supported by the 
Technical University of Munich and a variety of Industry partners. 
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Prof. Dr. Thomas Hofmann 
President of the Technical University of Munich & Project Patron 

Autodesk is one of our major corporate partners 

Overview of our corporate partners 

A selection of newspapers we have been featured on with over 10,6 Mio readers per issue combined 

 

 
 

“ (...) I am convinced that we will succeed and I wish our 
team the greatest possible success. All of TUM is 
behind you 100 percent!” 
 
 
 
 

 
 
 
 

Strong industry support 
Many leading industry partners followed and supported us on our journey to Las Vegas and 
enabled us to participate with a competitive machine in the first place. Our team therefore not 
only has the spirit of young passionate students but is furthermore backed by the combined 
industrial knowledge and experience from many German and international industry leaders.  
 
 
  
  
 
 
 
 
 
 
Autodesk is one of our major corporate partners and 
supporters and has played a major role in supporting us not 
only financially but furthermore by providing us with software 
and manufactured parts. Our team has been designing and 
developing our tunnel boring machine exclusively in  
Fusion 360. 
 
 
 

Media Attention 
Given the fact that the Technical University had already won 
all four previous SpaceX Hyperloop Pod Competitions, we 
received a lot of media attention as the next team to possibly 
continue the Munich winning streak. We have been featured 
in all major German and many international newspapers.  
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Our cutterhead 

Our Machine  

Our tunnel boring machine (TBM) has been specifically designed and optimized for the 
competition. We are using the pipe-jacking process, where the tunnel segments are 
premanufactured and pushed into the ground. Ground material loosened by the cutterhead in 
front is dropped onto conveyor belts by a screw conveyor and then transported through the 
tunnel segments to the back of the container. All systems have been designed by ourselves. 
 

 
Cutterhead 
Our cutterhead has a peak torque of 10 KNm at ~ 30 RPM. It is powered by four electrical 
synchronous motors and has been optimized for the Las Vegas geology. It is responsible for 
looseing the ground in front of the TBM. 
 

 
 

 
 

 
 

 
 

 
 
 

Cutterhead 

Pipe Storage Hydraulic 
Powerpack 

TUM Boring Member 
for scale Pipe Thruster 

Our Machine - Overview 
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Jacking System 
Our jacking frame with its two clamps 
can produce pushing forces of up to 
100 metric tons and feed rates of up 
to 1m/min. By deploying the two 
clamps opposite to each other (while 
one extends, the other one retracts), 
we can eliminate otherwise 
necessary stops in motion and 
ensure a continuous tunneling 
process, increasing overall speed. 
 

 
Material Removal 
The majority of our inner tunnel diameter is used by our 
conveyor belts to maximize the amount of material we can 
extract. In total, we have installed 55m / 180ft of conveyor 
belts in our TBM and they are capable of removing up to  
8 kg/s (17.6 lb/s) of material. 
 
 
 

 

Project Timeline and Milestones 

Our team was founded in July 2020 right after the announcement of the competition. Since then, 
close to 70 students have been working uninterruptedly on this project in full-time for over 14 
months.  

 
July 2020 – January 2021: Project Inception and Machine CAD Design 
After the announcement of the 
competition, a small team of up to 10 
students formed and then quickly grew 
up to its now known full size of more 
than 60 students by September 2020. In 
that time, our team also finished a small 
prototype TBM and even successfully 
dug a 2m / 6.5 ft tunnel in one of our 
members backyards to gain experience 
and a feel for the tunnel boring field. 
From September 2020 until January 

Our Jacking frame 

A look into the inside of our tunnel 

Our small TBM prototype that actually bored a tunnel 
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2021, our team worked on the design of our 
tunnel boring machine and submitted various 
design briefing packets to the organizer of the 
competition, The Boring Company, to advance 
further in the competition. In this time period, we 
spent more than 6500 hours in Fusion 360. By 
January 2021, we were able to prevail against 
390 other teams and our team and design was 
chosen as one of 12 to be invited to the finals in 
Las Vegas in September 2021.    
 

 

February 2021 – April 2021: Assembly of our machine 
After having passed all design stages of the competition and finishing up the CAD work of our 
machine, we started with the assembly in February 2021. One of our industry partners provided 
us with a construction hall in the north of Munich where we would spend the next 3 months 
assembling and building our tunnel boring machine.  
 

One of our first team meetings 

Impressions of our assembly phase: Our container, the tunnel pipes and conveyors, installed jacking 
frame and assembly of our steering segment. 
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May 2021 – July 2021: Testing of our TBM 
After fully assembling our 
machine, we moved to a gravel 
plant in the north-east of Munich, 
which was also provided by one 
of our industry partners. There, 
we tested our tunnel boring 
machine to ensure its 
functionality and passed an 
important milestone by boring a 
full distance 30m / 98ft tunnel for 
the first time. Given the 
Coronavirus-Pandemic, it was 
also at that time, that we met for 
the first time as a whole team in 
person. In July, we packed up 
our machine and shipped it to 
the US via seafreight. 

Aerial overview of our testing site 

Impressions of our testing phase: Arrival, pipe storage with 3 out of 4 tunnel segments, our TBM 
during testing and cutterhead and steering assembled pre testing 
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August 20th – September 5th 2021: Machine work in Houston 
In mid August 2021, the machine arrived in Houston, where a 18-people large subgroup of our 
team took delivery of it. North of Houston, the same 18-people large team then continued to 
work on the machine at another construction hall provided by one of our industrial partners for 
the last two weeks leading up to the competition. In those two weeks, the machine was checked 
for damage, component upgrades were installed and a full system and procedure test was run 
to ensure functionality after the machine had been exposed to sea air, humidty and salinity for a 
couple weeks. Although no testsoil was available, we furthermore ran one more “dry” 30m test 
before we packed up the machine one last time for its transport to the finals in Las Vegas.   

 
September 6th – September 12th 2021: 
Competition Finals in Las Vegas 
After over a year of hard work, everyone was filled with 
anticipation, when the competition finals started. In total, 
8 other teams made it to the finals including highly 
regarded universities like ETH Zurich and MIT. After 
using the first couple days of the week to set up the 
machines, an extensive and challenging safety check 
conducted by The Boring Company followed. Out of all 
attending teams, only two teams passed the strict safety 
checks and were cleared for the tunneling race on 
September 12th: The ETH Zurich and TUM Boring. As 
September 12th came around, everyone was filled with 
excitement and the tunnel boring commenced.  

Impressions from our final checks in Houston: The 18-people large subteam, a full “dry” systems and 
procedure test and work on one of our conveyors. 

Our machine being placed into the 
starting pit 
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The ETH Zurich team was facing an electrical problem and ended up not being able to start 
boring and after 6h of continuous tunneling, TUM Boring was officially announced as the 
winner of the Not-a-Boring Competition 2021, successfully concluding more than a year and 
thousands of hours of hard work. 

 

 
 

Our machine boring the beginning of the competition tunnel & A conveyor depositing ground material 

Team picture after winning with our trophies 
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Learnings and conclusion  

The power of passion 
If there is one thing take out of this talk, it is this. 
Throughout our journey leading up to the 
competition, we have been repeatedly told by 
industry experts that our endeavour is borderline 
impossible with the ressources and time available. 
However, our team consisting of 60 highly 
motivated and most importantly incredibly 
passionate students pulled through and succeeded 
nonetheless. The critical component to our team’s 
success was the passion, that every team member 
brought along. With enough passion and 
determination, almost anything is possible, 
something to keep in mind when facing a seemingly 
unsolvable task or assembling a team. 
 

Effective deployment of remote working tools  
Counterintuitively, the pandemic benefitted us by forcing 
us to look into and deploy remote working tools, which 
we otherwise wouldn’t have considered. By combining 
online-conferencing with cloud-based software like 
Fusion360, we were in retrospect able to save a critical 
amount of time which increased and pushed our 
productivity and efficiency to the levels, which the tight 
timeline required. 

 
 

 
The world needs more projects like this 
While a great academic education is often 
provided, it is through projects like these, where 
students gain priceless practical experience by 
working together in interdisciplinary teams. All the 
newly acquired experience and skills serve as a 
great complement to one’s academic education 
and equip a student with the necessary tools to not 
only become a employee but furthermore a shaper 
and leader in society. Additionally, high intensity 
and fast paced projects like these show, that 
dedicated and passionate students can have a 
meaningful impact and bring broad attention to a technological field, increasing an industries 
attractiveness and furthermore impacting its research, technology and dynamic.  


