
Drew – Industrial and Systems Engineering 
NASA has mostly gotten out of the business of 
building rockets, but there is actually more activity 
today in the space industry than ever. Many new 
private companies have been started, each one 
bringing new spacefaring products to the market. 
One of those companies designs and produces a 
reusable “space plane,” designed to make frequent 
visits to low-earth orbit. The idea is similar to 
NASA’s Space Shuttle program, which was retired 
in 2011, except capable of even more frequent and 
efficient travel to and from space. Designing a 
space plane – or any spacecraft – requires plenty of 
science and engineering expertise. But just as 
important as what is being created is how it is going 
to manufactured. Industrial and systems 
engineers are often the ones who design those 
production processes. They figure out ways to 
coordinate and optimize the way work is done in a 
factory. 
 
The developers of the space plane needed some 
outside assistance with designing their 
manufacturing process and so they worked with 
Belcan, an engineering services company. Drew 
Harnish is an industrial and systems engineer with 
Belcan who has extensive experience with production processes in the aerospace industry. With 
a team of other engineers, Drew worked to organize and improve the production process for the 
space plane so that the company could meet a set of milestones and deadlines. 
 
Time is always precious in the manufacturing industry, and that’s especially true when you are 
planning to launch things into space. There are specific windows of time when things can be 

launched, and so it’s essential for everything to be 
completed on schedule. Drew knew the launch schedule 
for the space plane, and he knew what had to be made. 
The challenge was to figure out how to fit all the 
necessary activities together to make it happen. 
 
“It's their first time manufacturing this product and so 
they're learning how to build it. They're learning how to 
create processes that support the manufacturing, 
processes for evaluating quality and inspecting the 
material and the managing the flow of materials. Those 
concepts are not new, but the details of how you do it 
for this particular product at this company is what we 
worked together to design.” 

Launch of the Now-Retired Space 
Shuttle Discovery 



Industrial engineers not only have to figure out how to coordinate and organize material parts. 
They have to design a system that includes material components (all of the physical parts that go 
into the product) as well as humans (all of the people working on production), all coming 
together in real time. 
 
Designing a Production Process 
So, where to begin? The first step is usually creating a diagram or “map” of the entire production 
process, with as many details as possible. To do this, Drew will ask questions like: What tasks 
need to be done? How long does each one take? Which tasks need to occur before other ones 
(e.g., installing a component before closing a panel)? Which can be done at the same time? 
 

“A fundamental principle of industrial engineering is understanding the network of 
which items have to go together. What has to come before what, and which orders are 
preferred. Then you figure out which operations are more flexible, ones that you could 
fill in whenever.” 

 
Doing all of this requires a great deal of communication between engineers, technicians, and 
other experts to make sure that the map is realistic. They need to know how long everything is 

going to take, what sorts of things are 
possible, and what the limitations are. 
 
“You factor in how long each operation 
should take. Say I have to install fasteners 
and screw them in the bulkhead. And we 
know that it takes, let's say three seconds per 
fastener and you do the math and figure out 
this operation is going to take half a shift, or 
maybe three days.”  
 
 

 
 
 
 
 
 
 
 

1. How do you suppose an industrial engineer would know how long these different 
operations would take? If they didn’t know, what might they do? 

2. A task is not likely to take the same amount of time, every time. For instance, putting in 
a screw doesn’t always take the same amount of time, even if all of the materials are the 
same. How would you handle that fact if you were trying to estimate the time needed for 
a large construction process?  

 



As he analyzes the map of the production process, one of the things Drew looks for are “critical 
paths:” strings of activities that are likely to take the longest time and that have to occur in a 
particular way. If he can identify those critical paths, he knows what the limitations are, and 
which other processes are 
more flexible. What 
happens if the critical path 
ends up being too long to 
meet the customer’s 
deadline? Here, Drew will 
have to think up ways to 
redesign the process 
and/or add resources (e.g., 
more workers or 
machinery) to speed 
things up. 
 
A particularly tricky part in all of this is that any production process is unpredictable. It’s full of 
humans and external factors that create uncertainties. What happens if some workers get sick and 
a team is short-handed? What if a supplier isn’t able to deliver some needed parts? A well-
designed production process can handle those kinds of uncertainties.  
 

 
 
All Kinds of Processes 
Industrial and Systems Engineers work on all kinds of systems that need to be coordinated in 
time and space. For instance, think of the line at airport security. Have you ever seen a sign 
telling you how long you’ll have to wait (maybe you’ve seen these at an amusement park)? Who 
figures that out? But also, how should the checkpoint be set up? How many lines should there 
be? How many employees does the airport need so that people can get through quickly while still 
catching any security issues? 
 
In many ways, designing an airport security checkpoint is similar to a production process. We 
know what generally has to happen at a security checkpoint: you have to check IDs, get people to 
put belongings in bins, put their things on a conveyor belt to be scanned, and so on. How long 
does it take to do all of those things? Well, it depends.  
 

“Let’s say it takes a minute for the TSA agent to check an ID, but sometimes it’s a little 
longer. And perhaps it takes three minutes for a bag to go through the x-ray machine. 
Let’s assume that one out of every 25 bags get pulled aside to get an extra screen. We 
might know that 80 percent of the time it's somebody forgot to take the water bottle out 
of their bag. And that's an easy fix, and it maybe takes an extra minute or two. But 20 
percent of the time somebody brought a knife and they are trying to negotiate how to 

3. Many people imagine engineering to be about building, inventing, and repairing. How 
does Drew’s work challenge that view? 

4. Even if Drew doesn’t make things with his hands, how is his work still very creative? 
What sorts of things does he create? 



keep it. And it takes longer…which slows down the rest of the system and makes the wait 
line longer.” 

 
All of that is a lot like what happens during an assembly process. We can estimate how long 
things might take when they run smoothly, but we also know that things don’t always go that 
way, and so we take that into account. There are other uncertainties as well. How many people 
are going to be trying to get 
through security at any time 
during the day? Airports can 
have a rough sense of which 
times of day are busier or 
slower (9:00 am on a 
Monday versus 2:00 pm on a 
Friday), but there’s a lot of 
variability. We can also 
consider how different sorts 
of people (e.g., younger or 
older) will move through a 
checkpoint differently.  
 
To think through all of those variables, industrial engineers use models. Other types of engineers 
use models as well (e.g., a structural engineer who uses a computer to create a model of a 
skyscraper), but the models that industrial and systems engineers use are mainly mathematical 
models that use statistics. Those models allow an engineer to take into account all of the 
different factors, variables, and uncertainties, then see what happens when changes are made to 
the system. For instance, if an airport added two more security lines, how much less time would 
it take for people to move through security? With a good model, that’s a question you can 
answer. And those are the models that are behind all kinds of processes that we encounter (but 
rarely think about) every day. 
 

 

5. Why would you want an engineer to design something like an airport security 
checkpoint, or the lines at an amusement park? What knowledge and skills might 
engineers bring that are particularly valuable? 

6. There are lots of things in our modern world that are designed by engineers, even 
though most people don’t realize it. In addition to the ones mentioned in this story, what 
other systems and processes can you think of that were probably designed (at least in 
part) by engineers? 


