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Additive manufacturing, popularly known as 3D printing, has become the standard bearer of the

next industrial revolution. It's clearly different, it's already available to both professionals and

hobbyists, and it's sexy in a geeky, "Star Trek" sort of way. An item is made, layer by thin layer,

until it appears almost magically from seeming thin air. Remember the replicator aboard the

starship Enterprise?

Yet additive manufacturing is just one of a number of

emerging technologies that are likely to produce major

changes in the way many things are made in the years

to come. And even additive manufacturing isn't limited

to 3D printing. One still-emerging process, called cold

spraying, involves blasting metallic particles through a

nozzle at such high speeds that they bind to each other

to form shapes. By precisely controlling the nozzle,

machine operators can build up a three-dimensional

metal object like a gear much the same way a 3D

printer does. It's as though the object as been painted

into existence, and it can be done with even exotic metals like titanium.

What else is in store? The Advanced Manufacturing Partnership offers one glimpse into the

future. The group, created by President Obama, has identified 11 areas of technology that it

believes will play a crucial role in determining competitiveness in manufacturing—and that it

believes should be the focus of national research-and-development efforts.

Here's a quick primer to some of the things it highlighted:

Sensing, measurement and process control:

Virtually all advanced manufacturing techniques have

one thing in common: They're driven by computers

working with vast amounts of data. That's why the

things that capture and record data, such as sensors

that monitor humidity, GPS trackers that fix location or

calipers that measure a material's thickness, are so

crucial. Just as these types of devices increasingly are
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LOOKING TO LEARN | Robots like Rethink
Robotics' Baxter model can improve their
performance as they go and work safely next to
people.

what help make smartphones smart, they also enable

intelligent, flexible, reliable and highly efficient

manufacturing techniques. In a modern factory, sensors
not only help guide increasingly nimble machines, but

also provide the information necessary to manage the

operation of the factory as a whole. Products can be

tracked from inception to the point of delivery and, in

some cases, even beyond. The moment anything goes

wrong in the process—i.e., the humidity inside a spray
booth isn't optimum for a paint—a sensor can detect it

and issue an alert to the machine operator or even to

the plant manager's cellphone.

Materials design, synthesis and processing: New

machines will require new materials, and new materials will enable the creation of entirely new

machines. The development of coatings, composites and other materials is being accelerated

through advances that break materials down to an atomic or molecular level and allow them to be

manipulated virtually without the need for lengthy laboratory procedures. Borrowing a page from

the widely acknowledged success of the Human Genome Initiative, the Department of Energy and
other U.S. agencies launched a Materials Genome Initiative last year. The goal: halve the time it

takes to identify a new material and bring it to market, a process that currently can span decades.

The technology for lithium-ion batteries, for instance, was first conceived of by an Exxon
employee in the 1970s, but it wasn't introduced commercially until the 1990s. Part of the effort

involves getting the widely dispersed and cloistered researchers in the field to share ideas and

innovations.

Digital manufacturing technologies: Engineers and designers have been using computer-

aided modeling tools for years not only to design products, but to test, modify and improve them

digitally, often bypassing more costly and slower physical testing. Cloud computing and

inexpensive 3D scanners (it's now possible to do a simple 3D scan with an iPhone) are transporting

these methods out of sophisticated facilities and into the mainstream where they can be used by

entrepreneurs. Autodesk makes a fully operational CAD software program called 123 Design that's
free and allows individuals to do things that auto makers once required mainframe computers to

accomplish.

Sustainable manufacturing: The goal is a straightforward, if not easy one: maximize each

atom of matter and joule of energy used in production and waste as little as possible. Energy-

efficient manufacturing is a major area of focus here. Manufacturing engineers, for instance, talk

about the potential for "lights out" factories that operate continuously in the dark and don't need

to be heated or cooled because they're largely run by robots and other machines.

Remanufacturing and recycling may also become more important as smaller, highly automated

local factories become more common, and there's more of a priority placed on locally available
materials.

Nanomanufacturing: A nanometer is one-billionth of a meter, so nanomanufacturing means

being able to manipulate materials on a molecular and even atomic scale. Nanomaterials are

expected to play a future role in the production of things like high-efficiency solar cells and

batteries, and even in biosystem-based medical applications, such as a sensor inside your body

that could tell your doctor that your cancer is gone. Future generations of electronics and

computing devices may also rely heavily on nanomanufacturing.
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Flexible electronics manufacturing: Tablet computers that bend when you sit on them.

Clothing wired to your body temperature so it can cool you off when you need it. Already working

their way into the mainstream, these flexible technologies are expected to define the next

generation of consumer and computing devices, and are expected to be among the fastest-growing

product categories over the next decade. But they require highly advanced manufacturing

processes.

Biomanufacturing: This field uses a biological organism, or part of one, in an artificial manner

to produce a product—like developing drugs and medical compounds. (Cheese making doesn't

count.) But it has applications in a wide range of areas, including improvements in energy

efficiency and in the creation of new methods of nanomanufacturing.

Additive manufacturing: Three-dimensional printers not only hold the promise of achieving

high quality at volumes as low as a single unit, but also of opening the door to entirely new designs

and material structures and combinations. Printers have been developed that can print over

1,000 materials, including hard plastic, flexible plastic, ceramics and metals. One German

manufacturer has developed a process that deposits layers of wood pulp; a San Diego company
called Organovo is 3D printing human tissue for use in labs. Some printers can now layer more

than one material and can enable smart components to be fabricated with embedded sensors and

circuitry, such as hearing aids or motion-sensing gloves. There even is something called a

Replicator on the market. It's a system made by Cybaman Technologies, a British firm, that starts

by layering a basic shape and then machines the rough object into its final precise and polished

form.

Industrial robotics: Industrial robots can operate 24 hours a day, seven days a week, with

repeatable and increasingly fine precision—to hundredths of a second and in less space than is

detectable by the human eye. They report accurately on their progress, improve when their
performance is tested for efficiency and become more dextrous when they're fitted with advanced

sensor systems. (They also rarely complain.) As robots become ever more widespread, they're

becoming more economical, too: The expense associated with industrial robots has fallen as much

as 50% compared with human labor since 1990, according to a report by the McKinsey Global

Institute. And, with advances in biotechnology and nanotechology, robots are expected to become

capable of doing ever more intricate things, like drug processing and growing full-blown human

organs.

Advanced forming and joining technologies: Most current mechanical manufacturing

processes continue to depend largely on traditional technologies, mainly for metals, such as
casting, forging, machining and welding. But experts believe this area is ripe for innovation and

new ways of joining a wider variety of materials with greater energy and resource efficiency. Cold

forming, for instance, may play a major role as a repair or advanced welding technique.

Mr. Koten is a columnist for WSJ.Money magazine in New York. He can be reached at

reports@wsj.com

A version of this article appeared June 11, 2013, on page R3 in the U.S. edition of The Wall

Street Journal, with the headline: What's Hot in Manufacturing Technology.
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