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2  Chapter 1 Introduction

New technology and new products have the potential to transform our lives 
and our society. Much is written about how to get a spark of an idea and 
translate that into a prototype and an initial business plan. However, sur-
prisingly little is written about the thousands of complicated steps required 
to get from that prototype to a finished product in the hands of the cus-
tomer. Unfortunately, teams almost always underestimate the pain, work, 
time, and resources involved. As a result, many  companies launch new 
products late, over budget, and with substandard quality.

Product realization (also called launch, transition to production, piloting, or 
production ramp) starts when the product development team has a looks-
like/works-like prototype, has defined the product geometry and material, has 
specified manufacturing methods, and is ready to produce at volume. Most 
groups believe that if the prototype works and there is a market, it will only 
take a few months to manufacture the product and start selling it. Whether 
the new product is a small widget or a complicated aircraft, many products 
arrive in the market later than anticipated. Many products also arrive with 
fewer features than planned or are over budget. There are invariably more 
complications and costs than the team initially predicted. By its very nature, 
product realization is an iterative, painful, but ultimately rewarding process.

There are only two near-certainties in product realization: there will be more 
work than teams plan for, and almost nothing will be done perfectly the first 
time. Parts will not come out of the mold as expected, packaging will fail to pro-
tect products from breaking, and a supplier will not ship a critical part on time.

This book is designed to help students, engineers, start-ups, and  organizations 
navigate the complex and highly interrelated activities of getting a product into 
production. This book is not intended to help you come up with a brilliant prod-
uct idea or market it – there are enough of those books. By understanding the 
road ahead with all its potholes and detours, teams will better anticipate poten-
tial problems before they significantly compromise their business plan. The 
lessons in this book were gleaned from experiences with over a hundred com-
panies ranging from zero revenue start-ups to multi-billion-dollar companies. 
While on the surface, the product realization process looks very different for 
an aircraft vs. a medical device vs. a new drone, most industries use similar 
methods, principles, and documents. Independent of size, every company must 
define the product, design their production system, and get everything to work 
while balancing the competing goals of cost, quality, and schedule.

1.1 Examples
The launch of the Tesla Model 3 appeared in over 500 New York Times articles 
from January 2017 to May 2018. Since Tesla announced the Model 3, it has 
become painfully apparent that Elon Musk and his team significantly under-
estimated the time it would take to bring a high-volume car with dramatically 
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1 Image source: Defense Visual Information Distribution Service. Public Domain 
Photo by A1C Brooke Moeder, Luke F-35 surpasses 35 K sortie milestone. The appear-
ance of US Department of Defense (DoD) visual information does not imply or con-
stitute DoD endorsement.

new technology to the market, while at the 
same time building a highly automated man-
ufacturing plant. In April 2017, Tesla’s market 
valuation of 50.9 billion USD was higher than 
that of General Motors, and Tesla promised pro-
duction of over 500, 000 cars in 2018. However, 

by the final week of March 2018, Tesla had only produced 2,000 Model 3 
vehicles. By mid-May of 2018, Tesla had shut down production to address 
critical production issues. Tesla increased production dramatically but by 
Q3 2019, they were still only producing at an annualized rate of around 
319, 000 [1, 2]. While Tesla has not been forthcoming about the exact reasons 
for the delays in the production ramp, Tesla has hinted at bottlenecks, sup-
plier delays, delivery challenges, quality issues, and over-automation. Tesla is 
not unique in its struggles. Other highly publicized delays include:

• The Joint Strike Fighter (JSF) contract (now F-35)1 award to Lockheed Martin 
was announced in 2001 with a plan for combat-ready aircraft by 2010. The 
F-35 has been significantly over budget and behind schedule. It is likely to 
cost over one trillion USD over the life of the program. As of the publica-
tion of this book, Lockheed Martin was still struggling with critical technical 
deficiencies as they got ready to increase production rates significantly [3].

• The Boeing 787 was plagued with delays due to documentation errors, 
supplier delays, assembly errors, supply chain issues, and battery quality 
issues. The initial cost was budgeted at $6 billion, but it has been esti-
mated that the total cost was probably closer to $32 billion [4].

• GTAT’s attempt to mass-produce sapphire screens for Apple was plagued 
with production and yield issues. The yield issues were likely a contrib-
utor to the bankruptcy of the company in 2014 [5].

Problems with product realization are not unique to large companies. Com-
panies such as GlowForge (a laser cutter) and Coolest Cooler (a cooler 
with a battery powered blender), that launched their products on crowd-
sourcing platforms, have been years late in delivery or never met  all of 
their promised deliveries. Figure 1.1 shows an example of the accumulated 
delays in one crowdsourced product that raised close to 3 million USD. 
The original launch promised delivery in 7 months, but the first units did 
not ship until 27 months after the crowd-sourced campaign. The timing of 
each announcement is shown by a horizontal bar with an arrow indicating 
the delay in the promised product delivery date. The company sent out an 
update 33 months after their launch, closing the company and apologizing 
to their customers with excuses about tight finances and increased prices. 
At the time this book was written, not all of the backers had their products, 
and the company had not sent an update for six months.
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FIGURE 1.1  
Example of delays 
in promised 
delivery dates

An article by Jensen and Özkil [6] found that over 40% of the Kickstarter 
products that they studied were more than a year late, and of those, half 
never delivered products. Jensen and Özkil found various reasons for these 
delays, but the most common reasons were issues in product delivery, 
issues found in quality testing late in production, and failure to ensure that 
the product was designed for manufacturing (DFM).

Each of the companies in Table 1.1 failed for its own reasons [7]. However, 
several themes emerge when looking at them as a group:

• The technology was not ready for mass production. 
Many product introductions failed because companies 
started product realization without ensuring the technology 
was mature enough. The prototype worked, but they could 
not produce in volume. If they were able to ship products, 
they delivered the product either at a lower quality than 
promised or with missing features.

• The production system was not mature enough to 
support mass production. While the product technology 
was ready, the methods to produce at volume were not. 
Some companies failed to develop a reliable supply chain, other companies 
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were unable to find reliable manufacturing partners, while others were not 
able to produce with consistent quality.

• It took too much time and too much money to get through the launch 
process. Many times failed companies ran out of cash before mass pro-
duction, and at other times, the lack of funds caused the product to be 
launched with sub-par quality, leading to poor customer satisfaction and 
low follow-on sales.

Inset 1.1: Icons

Throughout the text, you will see versions of these 
characters that were inspired by two sources: Mingyur 
Rinpoche’s guides to mindful meditation and Ted Urban’s 
TED talk on “Inside the mind of a master procrastinator” 
[8, 9]. The image is intended to highlight problems to 
avoid because of their significant downstream conse-
quences. In addition, a number of other icons will be used 
to help you navigate the text.

Terms and jargon are used 
during product realization

Chapter summary and takeaways

Checklists to make sure you  
have completed everything

Documents you will need to 
create to support the product 
realization process

Product History

CST-01

(Central Standard 
Timing)

Raised over $1 million USD in crowdfunding pledges in 2013 to build the 
“world’s thinnest watch.” Failed to deliver because (i) the technology was 
not stable enough, and (ii) they did not have the skills to make the product.

Elio P4 Scooter

(Elio Motors)

Raised $17 million USD, promising to launch a three-wheeled electric 
autocycle by 2014. As of 2019, the company had yet to deliver any products.

Zano drone

(Toquing Group)

The promise of a tiny camera drone helped the company raise $4 million 
USD on Kickstarter in 2015, but the company soon filed for bankruptcy. 
Investigation revealed that the drone was never operational.

Coolest Cooler This was the most-funded Kickstarter campaign of 2014. Coolest was able to 
ship a small number of products but ran into funding issues before it was 
able to fulfill all orders.

Table 1.1  
Examples 
of start-up 
products that 
have failed
Source: From [7] 
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1.2 Building Ten Thousand is Very Different 
from Building One

Initial product design is about getting one 
item to work once under one set of conditions. 
Product realization is about getting a million to 
work every time under a million different con-
ditions. A single prototype can be hand-built by 
expert makers in a few weeks. To impress inves-
tors or faculty, the prototype only has to work 

once for the camera. The single prototype is typically operated by an expert 
who knows the quirks or bugs of the device and can avoid them.

By contrast, producing at scale and selling into the market involves building 
thousands of identical products that can be used by any customer in a 
wide range of environments. Manufacturing at high volumes is challenging 
because manufacturing processes introduce many sources of variation, all 
of which conspire to derail production, testing, shipping, and the customer’s 
experience. Additionally, customers often use the products in unpredictable 
ways with unpredictable results. Finally, as products go from prototype to 
mass-produced product, the number of people and organizations involved 
grows exponentially, further complicating the process and increasing the 
opportunities for defects and miscommunication.

A successful product must solve an actual customer problem, be of high 
quality, and be delivered to the consumer on time and at the right price. 
Launching products requires a complex interplay of activities, including:

• Making sure the product is ready for production.
• Assessing product and process safety and liability issues.
• Addressing environmental issues such as hazardous material handling 

and waste disposal.
• Designing the production system to build the product consistently 

at low cost.
• Running several pilot plant builds to test the engineering, design, and 

manufacturing system.
• Building a logistics system to get the materials to the factory on time and 

deliver the product to the customer.
• Ensuring the product conforms to legal requirements.
• Defining a quality control system to test for issues before products get 

into the hands of the customer.
• Creating a customer support system.

Successful product realization requires coordinating a large number of activ-
ities to define, test, and deploy all of the systems to mass produce at high 
rates. It is not a matter of merely flipping a switch at the factory. Instead, 
each aspect of the production system has to be tested and debugged. No 
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company can go from first test shot (Inset  1.2) to full production rates 
instantaneously, because no company can get everything right the first time. 
During piloting, teams will scramble to redesign parts, re-cut tools, work 
with suppliers to improve quality, change assembly sequences, and under-
take a myriad of other efforts to hit their launch goals. Here are some unex-
pected problems that teams often run into:

• As the speed and volume of production 
increase, more unexpected issues will arise 
with less time to fix them. Many quality prob-
lems only become apparent when teams start 
building many copies of the same product at a 
high rate. First, producing more product gives 
more opportunities for low-chance failures to 
happen. Second, processes do not produce the same quality at high vol-
umes as those that operate at lower rates.

• In-line testing does not capture defects. Teams can carefully test 
their products both during and after assembly, but the tests often fail 
to replicate many of the conditions that the product will encounter in 
the field. As a result, the defects aren’t found until after a customer 
finds them.

• The product fails during the warranty period due to unexpected 
stresses. The product will be dropped, shaken, and generally abused by 
the users. It is easy to overlook usage scenarios that damage the product, 
especially for new technology the customer has never used before.

• Companies are surprised by legal regulations late in the process. Each 
product will need certifications to comply with EMF (electromagnetic 
field) exposure, EMI (electromagnetic interference), safety, and envi-
ronmental laws. You do not want to be adding EMF shielding or rede-
signing charging circuitry late in piloting because you did not plan for 
passing key certification tests.

• Customers find things they do not like just before launch. Often,  
customers cannot give meaningful feedback on the product until  
they have a working unit using the final production-intent materials. 

Inset 1.2: Why is Understanding Jargon Important

The product realization process is full of jargon, the meaning of which may not be 
obvious. Part of learning about product realization is learning how to talk to people 
in their language. For example, the box used in sand casting is called a flask. The term 
“wall wart” refers to the small power adapter that you plug a charger into (it only 
makes sense when you think about how ugly power adapters are). First test shots are 

the initial parts produced on a new injection molding tool. Throughout this book, we will use common 
product realization and manufacturing jargon. Text boxes with the dictionary symbol will be used to high-
light terminology that readers may not be familiar with. There is also a comprehensive glossary at the back 
of the book.
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Unfortunately, this feedback usually occurs after building expensive tool-
ing, and when design changes are costly and time-consuming.

• The forecast may not be accurate. The procurement team must order 
all of the right materials well ahead of production. However, at the time 
orders need to be placed, the forecast is often very uncertain. Companies 
may need to lay out significant cash for excess inventory early or face 
potential material shortages later on.

To get through product realization, product development and manufac-
turing companies have developed highly interconnected tools, documenta-
tion, methods, and processes to manage these complexities. These product 
realization processes are put in place to reduce the chance of error, reduce 
variability, and improve the consistency and reliability of the product and 
production systems.

1.3 Product Realization is a Marathon

Product realization is like running a marathon. 
Everyone wants to focus on the promise of the first 
mile and the nail-biting last mile, but the races are 
won or lost in the middle 24.2 miles (and most often 
in the Boston Marathon on Heartbreak Hill).

The first “mile” of any venture is the exciting one. The team gets to talk 
to customers, come up with ideas, create branding, hack hardware, and 
design cool t-shirts. The first mile is the phase most books, innovation 
programs, and undergraduate and graduate business curricula focus on. 
Business students come out of business school classrooms armed with 
business plans. Engineering students spend most of their design classes 
building a single prototype and thinking they have learned how to develop 
a product. Building only one often provides a false sense of security to 
new graduates who underestimate all the subsequent steps it takes to get 
a product into the hands of a customer. Both business school and engi-
neering students leave university assuming that that first mile is most of 
the marathon.

The last mile, getting the product across the finish line, also gets attention: 
business magazine articles are usually focused on what happens when the 
product arrives in the customer’s hands. On the drier academic side, the 
post-finish-line period is also the focus of significant literature on opti-
mizing operations once production is running at full rates.

The middle 24.2 miles – from a great idea to the first product on the shelf – is 
long, painful, and full of challenges. New teams are excited about their new 
product and have incredible energy going into the process, often naïvely 
not understanding the length and difficulty of the marathon ahead of them. 
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With so little discussion of what happens in between the beginning and the 
end of this race, it’s no wonder that companies or teams often underesti-
mate the length and difficulty of the journey. Just as in a marathon, those 
who train and prepare have a higher chance of success. Naïve, untrained 
people get removed from the race on a stretcher.

Product developers who train for the product realization marathon can antic-
ipate many of the challenges, make sure issues are proactively addressed, 
and have the right resources on board. By knowing what is ahead, teams 
reduce the pains and unknowns of the process and increase the odds of a 
successful outcome.

1.4 The Factory is Not a Giant 3D Printer
Most inexperienced (and even some experienced) teams think of the pro-
cess of sending a design to the factory is similar to sending a file to a 
3D printer and hitting print. They assume that after selecting a factory or 
contract manufacturer (CM), they can send the factory the drawings and a 
check, and ta-da! – a product shows up via DHL in full working order in 
three months. Some manufacturers may even promise you that service, but 
you would be foolish to believe it.

Even if the product development team wholly outsources manufacturing, 
organizations still need to understand the processes that the product will go 
through to get produced. The product development team will need to test and 
provide feedback on production samples and continue to refine the design. 
Teams need to actively partner with the contract manufacturer or factory; 
they should understand enough about the process to respond quickly to any 
questions and to avoid potential errors. In short, teams can outsource the 
manufacturing itself, but not the responsibility for the manufacturing.

1.5 Three Rules
Most failures of product realization result from violating one 
of the three fundamental rules of product design:

1. Understand and design within the fundamental laws 
of physics

2. Ignore manufacturing at your peril
3. Know your costs and cash flow

You cannot break the fundamental laws of physics. Ulti-
mately, hardware is governed by the laws of physics, 
mechanics, and electronics; a product that violates funda-

mental first principles will never work. This principle probably seems 
patronizingly apparent, but developers get into trouble when they promise 
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something that is not feasible. In a notorious case, Elizabeth Holmes raised 
over $700 million USD in 2013 on the promise that Theranos would deliver 
at-home medical testing from a single droplet of blood, based on little more 
scientific foundation than her desire to make it a reality [10].

Teams need to use sound engineering and analysis. In the author’s experience, 
most quality issues, recalls, and product failures happen because the physics of 
either the design, materials, or manufacturing was overlooked in favor of visual 
appeal or unachievable functionality. As much as teams want to get eight hours 
of power out of a minuscule battery or pack a Wi-Fi chip, Bluetooth, speaker, 
and headphone jack into a device the size of a quarter, the fundamental laws 
of physics limit what they can design using current technologies. 

You cannot get white plastic to match white paint. Many of the practical 
realities of what happens when you actually have to build a product only 
become apparent through experience. For example, teams who have not 
designed products before often try to make all-white products including a 
combination of molded plastic and painted parts. When they get the sam-
ples back, even when the Pantone colors are ostensibly identical, the two 
whites will never appear to match. In different lighting, they will look vastly 
different, and one will always look dirty. This rule, and thousands of others, 
is knowledge designers acquire through experience and critical evalua-
tion of competitor products. Teams – even seasoned ones – should consult 
experts about the feasibility of producing their product. Caution: if your 
organization has no experience in a field and the first response of the team 
is “this should be easy,” it most likely will be a problem that will crop up 10 
days before shipping to the customer.

Insufficient cash flow is the number one reason that 
start-ups fail. Engineers should not live in a technical 
bubble. Product development requires an apprecia-
tion of the broader realities of cost, quality, resource 
limitations, and schedule. Too many business plans 
focus solely on the cost of the physical product and 
return on investment (ROI) without understanding the 
cash required to get the product built. Unfortunately, 
building hardware is a cash-intensive process: teams 

need to outlay money for development, tooling, and samples long before 
any returns are actualized. By avoiding the pitfalls that we talk about in this 
book, teams can reduce the chance of unexpectedly running out of money 
before the product goes to market by more accurately predicting how much 
funding they should raise in the first place.

1.6 Why Learn about Product Realization?
No orchestra would perform without practice, or without at least review-
ing the music first. Unfortunately, during most product launches (especially 
with start-up teams), the players are learning to read music, learning a new 
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instrument, and performing at the same time. This book is intended to edu-
cate the reader on all of the activities involved in product realization so that 
teams can be better prepared.

The decisions that your team makes in the early phases of design will have a 
significant downstream impact on your ability to get product smoothly into 
mass production. For example, a choice to solder wires rather than using 
an edge connector can reduce the COGS (cost of goods sold) (Section 8.3) 
but can also increase the risk of cold-soldering failures that crack and drive 
defects. In another example, the decision to sell your product in multiple 
countries may increase sales but end up costing more in certifications and 
in-country support.

It is very easy to get distracted by interesting technical challenges or trying 
to do too much. The following are several examples of issues that can dis-
tract or take focus away from what is most important.

Trying to make too much yourself. Many teams 
get caught up in the fervor of innovation and want 
to produce the whole product themselves when out-
sourcing makes more sense. Teams end up doing 
jobs badly that a supplier could do cheaper, faster, 
and with better quality. For example, teams may try 
to manage in-country distribution only to discover 
they cannot hire enough people at peak times; it can 
be much cheaper to outsource incoming deliveries 
and outgoing orders to a logistics company.

Selecting the cheapest manufacturer and ending up with quality issues. 
It is often tempting to pick the lowest-cost provider, but that often comes 
at the expense of poor quality or working with an uncooperative and unre-
sponsive CM.

Promising aggressive timelines before understanding how long prod-
uct realization takes. It is tempting to promise customers that you will 
deliver product quickly. However, if you promise aggressive delivery time-
lines, you will need to rush through critical product testing or make your 
customers unhappy by being late. It is better to under-promise and over-
deliver than the opposite.

Waiting to engage with service partners. It is tempting to postpone 
engaging with downstream partners because “it should be easy” or “we’re 
not at that stage yet.” For example, packaging design will always take longer 
than expected, but companies often delay the packaging because they think 
that “Packaging design won’t take very long, it is just a box.” Companies 
often delay contracting with third-party logistics providers (3PL) until the 
last minute and end up scrambling and paying a lot to get their prod-
ucts delivered to customers. By understanding partnership needs early, the 
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company has a longer window to assess potential suppliers and deliber-
ately choose the right ones.

Waiting to estimate costs until late in the process. Teams do not want 
to advertise a target MSRP (manufacturer’s suggested retail price) only to 
determine late that their landed costs (the cost of the product including 
delivery) are too high. Early estimates can indicate whether the teams have 
a chance of meeting target costs.

Assuming that it will be easy to minimize cost through volume. Many 
products make it to market with a higher than expected COGS, but teams 
believe that they can reduce those costs when they reach peak volume. 
Unfortunately, many engineers overestimate those cost reductions. The 
unit price difference between one unit vs. 100 can be quite dramatic, but 
the marginal savings drop dramatically as the volumes go from 1,000 
to 10,000.

Not planning carefully for cash flow. When planning budgets or  
fundraising, understanding the real cost to get a product to the finish 
line can mean the difference between failure and success. It is horrible 
to run out of cash just at the time when you are ready to start selling to  
customers.

Not finding manufacturing issues until late in the pilot process. Teams 
need to evaluate their designs for both manufacturability and ease of 
assembly as early as possible. You do not want to find out a part is not 
manufacturable after you have cut and paid for your tools.

Adding features late in the process. The product management team will 
always be tempted to add features or product variety very late in the pro-
cess. Because you do not leave yourself enough time to fully test the new 
features  while increasing the complexity of the production system, quality 
failures inevitably arise. Having good discipline around sticking as close to 
the minimum viable product as possibly will reduce the chance of failure.

Not understanding the usage of the product early and designing for it. 
Too often, reliability and durability requirements are specified very late in 
the design process leading to expensive redesigns. Late design changes – for 
example, to increase reinforcements or reduce thermal loading – can delay 
product launch and drive up costs.

1.7 Book Structure
This book will walk readers through the process of going from a prototype 
through piloting to production ramp, and will introduce teams to the con-
cepts, tools, and challenges of each step.
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It is important to note that although the chapters in this textbook have 
to be laid out in a sequence, this does not mean that your team will be 
going through these processes one at a time or necessarily in order. Many 
processes will need to be executed simultaneously, and teams will iterate 
between them many times. For example, organizations need to plan the 
pilot process before they can appreciate the context of the quality planning 
process, but they also need to grasp the quality planning process to design 
the right set of pilots.

This book is written for a range of audiences including graduate and advanced 
undergraduate courses, start-up teams, and larger companies. It is written 
from the point of view of a mechanical engineer with 20+ years directly 
involved in product design, and who still spends significant time on factory 
floors. As a result, the book focuses mainly on the engineering, cost, and 
scheduling issues related to getting a product through the piloting phases 
and into mass production, and less on marketing and financing. Because it 
is not possible to list all of the references in this text (and it would quickly 
become out of date), the website productrealizationbook.com contains addi-
tional references and resources for the reader.

The textbook is broken roughly into five sections shown on the map in 
Figure 1.2.

• The first section (The path ahead) ensures the team is ready to start prod-
uct realization (Chapter 2), gives the reader background on the product 
realization process (Chapter 3), and introduces several important product 
realization project management tools (Chapter 4).

• The second section (Product planning) describes getting the prod-
uct design ready, including ensuring a comprehensive specification 
document (Chapter  5), defining all aspects of the product design 
(Chapter 6), defining how quality will be verified and validated in the 
pilot runs (Chapter 7), and predicting product costs and managing cash 
flow (Chapter 8).

• The third section (Manufacturing planning) focuses on getting the man-
ufacturing system ready, including background on manufacturing sys-
tems (Chapter 9), ensuring the product is manufacturable (Chapter 10), 
defining the process so it can be executed (Chapter 11), designing and 
producing tooling (Chapter 12), and managing quality during production 
(Chapter 13).

• The fourth section (Production planning) focuses on the management of 
the supply chain. It includes how to design your supply chain (Chapter 14), 
how to plan for production to ensure sufficient material (Chapter 15), and 
how to get your product to your consumer (Chapter 16).

• The fifth and final set of chapters (Selling your product) covers the cer-
tifications your product will need (Chapter 17), how to set up ongoing 
customer support (Chapter 18), and what happens once you are at full 
production rates (Chapter 19).
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FIGURE 1.2  
Chapter map
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Summary and Key Takeaways

 ❏ Building ten thousand is very different from building one.
 ❏ Products fail during product realization for many reasons, including failures in technology 

readiness, production system maturity, and cash flow.
 ❏ Product realization is a complex, multifunctional process that involves a large number of 

people within and across organizations.
 ❏ During product realization, teams will need to balance cost, quality, and schedule. Ulti-

mately, teams need to achieve all three to create a successful product.
 ❏ Understanding the road ahead will help teams better avoid problems and help them plan 

for the needed resources to accomplish their goals.

When learning about the product realization process, you may find it easy 
to get lost in the weeds and lose sight of the overall production realization 
process. Figure 1.2 shows the relationships between the chapters and will 
be used as a map and guide throughout the book.


