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DESIGN FOR...EVERYTHING
A great design used to be its
own reward on a manufacturing
production line. The machine
would perform as expected,
deliver productivity and efficiency
and be easy to maintain. And that
was all it was expected to do.
Today, a design must be so
many things to so many people. 4
The design process must be Bob Vavra,

collaborative from the start, Senli)o_rcfntent
engaging not just the design team Irector,

; . : Machine Design
but engineering and operations—  pgwer & Motion

and perhaps procurement, sales

and the corner office. It must collect data and
connect that data to other systems within the plant.
It must deliver analytics to every corner of the
plant and provide operators with a clear picture of
what's happening now—and what might happen
in the future. And in that future, it must design not
just for productivity, but for sustainability and for a
useful end-of-life—what we’re all calling Design For
Excellence, or DfX.

In an era of digital transformation, the design
function now takes on more importance because it's
easier to design all of those attributes in at the start
than to adapt systems once the machine has taken
up residence on the plant floor. The design function
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also gets more scrutiny for the same reason.

As this e-book demonstrates, manufacturers of all
kinds are taking a fresh look at design as a function of
process improvement and of operational efficiency
and profitability. Design teams get to design
for...everything. And those teams are proving up to
the task.
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If & part or prototype

of a part is going to be
machined, engineers can
more tightly control costs
if they understand the
problems machinists face
With less than optimal
designs.

Maksim-Safaniuk/Dreamstime

CHAPTER 1:

Designing Models
That Can be Built

MILTON FLOREST, former president, Tooling Research Inc.

D solid modeling can be a double-edged sword for engineers. It lets them express
their creativity and easily design wildly complex components and assemblies. But
that design freedom can lead to designs impossible or impractical to manufacture
in the machine shop. When that happens, it often leads to costly redesigns, and the
cause can usually be traced to the engineer’s lack of exposure to machine-shop
settings and process.
Here are some tips on how to avoid a few of the problems machinists face when fol-
lowing problematic designs and how to make designs more economical to manufacture.

1. The least expensive fillet to machine on an irregular profile requires only a corner
rounding mill (top). The component on the bottom is more costly because it needs
machining.

Tip #1: Use stock sizes. An engineering team might find the material it wants in the
size it needs on a vendor’s website or catalog, only to find it is unavailable when the team
tries to order it. This is not much of a problem if designs are based on using standard-sized
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materials in the coarser fractional dimensions such as 1/8, 1/4, 1/2, 5/8 and 3/4 in.

Avoid the 1/16-, 7/16- and 9/16-in. sizes because most mills either don’t stock them or
require a special run. (This applies more to bar and plate than to sheet stock and round
bar.) Should designs call for metric dimensions, as many medical products do, consider
that stock metric material is sometimes more difficult to obtain in the U.S.

Tip #2: Consider workholding. Design parts so that they have at least two opposing
parallel flat surfaces or a truly cylindrical surface. This lets them be easily gripped by con-
ventional vises and tooling, which speeds production. Parts without these features could
require custom fixtures to hold them while being worked on. This can boost manufacturing
costs significantly.

2. The left image shows the most practical method for designing an outside irregular profile
with a chamfered edge that is relatively easy to machine. By increasing the corner radius
of the profile at the inside corner, it becomes a simple matter to machine the component
using an angle cutter. The middle design is good, but requires 3D machining to create

the internal corner blends. The least practical design is on the right. Note all of the sharp
internal corners on the profile and the chamfer on it.

Tip #3: Tool length-to-diameter ratio is all-important. Machine shops often get draw-
ings that require deep pockets with small radii on internal corners or, worse yet, no radius
at all. Milling is done with round tools (end mills) and typically work on a plane perpendic-
ular to the feature face.

As a rule, the deeper the pocket, the larger the cutter diameter needed. Smaller radii
can be produced—and even square internal corners—but they require longer machining
times, or alternate forms of machining such as broaching or electric discharge machining
(EDM), which are both time-consuming and expensive.

Keep in mind that a standard off-the-shelf end mill has a length-to-diameter ratio of 2
to 1. Although many cutters exceed this ratio, there are good reasons for maintaining this
standard. Small internal corner radii necessitate using small cutters, which means a higher
risk of tools breaking, longer machining time and higher costs.

Tip #4: Drafts, angles and undercuts are critical. There are many standard angle
cutters on the market, but it's important to consider draft angles. Whenever possible, try to
design around those standard cutters that are readily available cutters. There are several
great online and hard-copy catalogs available for referencing available tooling.

If there’s a pressing need to add an angle on a feature such as a square or rectangu-
lar pocket, remember that the radius in each corner increases the higher it goes up the
sides when using angle cutters. If your design requires constant corner radii, it will require
expensive 3D machining.
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Tip #5: Avoid undercuts. Undercuts are creat-
ed when any angles create a pocket or slot with
an opening larger at the bottom than at the top.
Sometimes this is referred to as a “reverse draft.”
Reverse tapers or drafts on blind pockets cost more
to make than straight wall or conventional drafts.
For rectangular machined pockets, consider the
requirement for radii in each internal corner.

When a pocket requires bottom contours, engi-
neers must take into account that the pocket will
require 3D machining and ball-end mills to create
that contour. Engineers must allow for radii in all
inside corners as well as at the intersections of the
bottom and side walls.

Tip #6: Drilling holes. Don't forget how dimen-
sions of basic features like drilled holes affect cost.
Deep holes with small diameters, extreme straight-
ness requirements and off-center intersections with
other holes or features tend to be more costly. It
is hard to say just when a hole becomes too deep
for its diameter to make regular drilling impractical.
Much depends on the nature of the material being
drilled and other factors.

Tip #7: How will edges be treated? Will they
require a fillet or chamfer, or just be left sharp?
While designing, it is easy for engineers to get car-
ried away with component details. Machinists often

3. A tapered pocket with no radii
(top) may need to be made using
electric discharge machining (EDM).
A straight side pocket with no corner
radii (bottom) needs neither EDM nor
broaching to be made.

see small chamfers added on parts where the designer is trying to show a requirement for

edge breaks, sometimes referred to as eased edges.

Simply put, this means “no sharp edges” and in machine shops, this is understood. In
these cases, it is best for designers to omit the feature and instead add a note on the

drawing detailing the need for eased edges.

4. A well-designed pocket (left) has straight side pocket with corner radii made using

conventional machining and they are the easiest to produce. Good: Tapered pocket
created with tapered cutter (middle) does not require bottom radii but corner radius varies.
Costliest: Tapered pocket with equal radii corners and bottom (right) requires 3D machining.
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Most machine shops use CAM software to create parts directly from solid models.
Sometimes, programmers find it difficult to select the correct faces or edges when “small”
chamfers or fillet features are included on models. Larger fillets and chamfers do not
present a problem. In general designers should think before adding any feature. Then add
them if they are absolutely necessary.

In short, designers should keep these considerations in mind:

« Can the model’s feature be machined using conventional methods and tooling?

« Can existing tools make this part or feature, or will it need custom tooling?

« Are there features on this part that make it easy to hold securely during machining, or
will special fixtures be needed?

* Are there unnecessary fillets, chamfers or draft angles that can be eliminated to make
the part less expensive?

« Are there internal reverse angles or drafts in blind pockets that need to be eliminated?

« Does the design avoid sharp inside corners wherever possible?

Whenever there’s a question regarding a design’s feasibility from a machinist’s stand-
point, call on a local machine shop. Most will be happy to make suggestions and give
advice on practical machining matters. Often, just a few simple tweaks to a design can
slash costs.

to view this article online, click here

BACK TO TABLE OF CONTENTS
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What's coming down

the ling that could
transform the engineering
profession? The American
Society of Mechanical
Engineers has identified
some key technologies—
and s looking at ways

0 help shape their
(evelopment.
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CHAPTER 2:

Flve Emerging Technology
Trends ASME s Following

JEFFREY WINTERS, Editor in Chief, ASME’s Mechanical Engineering magazine

t isn’t just scientists who are developing tomorrow’s technology. Engineers, especially
mechanical engineers, are tasked with taking clever ideas out of the research labs and
making them work. That's why groups such as ASME are following emerging technology
trends as closely as anyone.

Every mechanical engineer knows about the contributions to technology made by
ASME. The Society’s origins date back to the steam era, when poorly constructed boilers
led to a series of deadly accidents.

But ASME'’s army of members and volunteers is constantly identifying new technologies
and looking for ways in which it can work to improve them in terms of safety, efficiency,
sustainability and benefit for humanity. In decades past, the society has shaped the devel-
opment of new technologies as varied as high-speed elevators, jet engines and nuclear
power.

READ MORE: Automate 2023 Showcases Process Automation: Coordinators
Orchestrators & Differentiators

A commitment to working on the cutting edge of technology means continually monitor-
ing the technology landscape—not only looking for innovations in areas where it already
has a strong presence, but also uncovering technologies that are ascending the devel-
opment curve and need guidance to help them achieve a place in mainstream industry.

As part of that monitoring, ASME’s Strategy Office has examined a vast array of emerg-
ing technologies to see which ones might have the biggest impact on the engineering
profession, and which could most benefit from the Society’s focus. Following are five
emerging technologies that ASME has identified as worth following.
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1. Small Modular Reactors

Nuclear power is a well-established technology, but there is widespread interest in the
industry in developing a new generation of small-scale reactors that could be built in fac-
tories and shipped to wherever they are needed. It's a clean energy technology with a lot
of promise, since the reactor modules—which are slated to produce between 70 and 200
MW of electricity each—could be added faster and more flexibly than conventional nuclear
power stations that usually come in one size: extra-large.

While SMRs are an emerging energy technology, they share enough similarities to con-
ventional nuclear reactors that many of ASME’s industry-leading standards and decades
of expertise should apply.

“Water-cooled SMR designs share enough technology with conventional light water
reactors that they can take advantage of proven technologies to accelerate their moves
from demonstration through regulatory approval to commercialization,” said John Grimes,
a senior manager for emerging technologies in ASME’s Strategy Office.

Other SMR designs, which may not be water-cooled, will need early and frequent shar-
ing of design and testing information with the regulatory agencies, Grimes said.

ASME has also created venues, such as this year’s Conference for Advanced Reactor
Deployment, where engineers and executives working on SMRs can connect with utility,
regulatory and financial leaders to discover opportunities in reactor development and the
nuclear supply chain.

2. Hydrogen

Hydrogen is the simplest atom, but it's promise as an energy storage and carrier medium
is complex. It has the potential to be used as a fuel with very little pollution produced at
the point of application, but the traditional (and cheapest) means to produce hydrogen has
involved the steam reformation of coal and natural gas, with carbon dioxide as a byproduct.

However, over the past decade there’s been a growing effort to find cost-effective ways
to produce hydrogen without carbon emissions, either by following pathways that don’t
involve carbon at all—such as electrolysis using wind, solar or nuclear power—or by cap-
turing the carbon dioxide byproduct and either locking it in geologic storage or using it as
a raw material for industrial processes.

READ MORE: Building a MedTech Metaverse

“ASME has identified clean hydrogen as an emerging technology to pursue,” Grimes
said. “We're already active in all areas, whether it's the generation, storage, transportation
or end use of clean hydrogen.”

ASME has been working with industry leaders in hydrogen technologies such as elec-
trolyzers, pipelines and gas turbines, and the Society offers a variety of products and
courses. It has also focused attention on such challenges as embrittlement, which occurs
when hydrogen atoms embed themselves within the structure of steel equipment such as
pipelines, decreasing its ductility and increasing the chances of fracture.

3. Tissue Properties
While we think of the human body as the province of medicine, not engineering, device
and implant manufacturers need to model how their products will work within an envelope
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of flesh and bone. Understanding the mechanical properties of these tissues is critical,
which makes the emerging technology of comprehensive tissue properties database one
in which ASME has a longstanding interest.

“The virtual validation and virtual testing of the medical devices will save costs and pro-
vide faster solutions to patients,” said Israr Kabir, a senior manager of emerging technolo-
gies in ASME’s Strategy Office. “ASME is working to develop standards for virtual testing
models, basically taking a whole suite of different tissues within the human body and
building characteristics of these tissues so you know the acceptable limits of mechanical
performance.”

Grimes said it may sound odd that ASME is involved in this sort of work, but similar work
has deep roots within the organization.

“We have a long history with steel properties,” he said, pointing to Section Il of ASME’s
landmark Boiler and Pressure Vessel Code. Characterizing the various properties of tis-
sues will similarly create a standard that can help biomedical device and implant manu-
facturers improve their products.

4. Generative Artificial Intelligence

The past year or two has seen the popular emergence of generative Al in the media, with
ChatGPT and Midjourney showing how machine learning models can be used to generate
useful text and images. While that’'s been fun, the real impact of generative Al has yet to
be felt in engineering.

It is an emerging technology that bears watching, but engineers must be mindful of Al's
current limitations.

READ MORE: Hannover Messe 2023 Booth Tour: How Enterprises Embed and
Unleash Al

One possible outcome, Kabir said, is not a general Al but something built specifically for
a particular industrial domain. Such a system would not be intended to replace engineers
but would instead extend and expand their ability to generate new designs faster than
before.

“It would be about augmenting engineers to do their jobs much faster, but with better
efficiency and less waste—sort of the core of engineering in industry,” Kabir said.

He brought up the concept of a co-pilot that would assist engineers. Such an Al might be
given a design brief and quickly return a variety of options from which to select.

“Every industry is looking at domain-specific models that layer in specific data sets so
you can have unique, really focused insights that these general models are not capable
of,” Kabir said.

Even with those Al-generated insights, the human component of engineering will remain
the crucial factor for safety and quality.

5. Additive Manufacturing

Additive manufacturing, or AM, is not new and not even advanced in many cases—hob-
byist 3D printers are available that cost less than $200. But the technology is still evolving
and finding uses in new, often-critical use cases. Aerospace companies are looking to
additive manufacturing as a means to produce low-volume parts on a just-in-time basis,
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and other industries are beginning to explore the technology.

One arena that is on the ASME radar is using additive manufacturing to build pressure
vessels. “There’s more and more work being done to use additive manufacturing in either
replacing, repairing or producing components for pressure equipment,” Grimes said.

One recent demonstration of this concept was the launch of the Terran 1 rocket by
Relativity Space. The rocket was almost entirely made up of 3D-printed components,
including the engines.

“Maybe that'’s the future of manufacturing pressure vessels for space,” Grimes said.

“But it goes back to fundamental, reoccurring engineering constraints,” he continued,
“such as the cost, how quickly you can get something done, meeting performance require-
ments. Just like any emerging technology, it only becomes a successful solution if it can
meet those constraints.”

Jeffrey Winters is editor in chief of ASME’s Mechanical Engineering magazine and a
30-year veteran of science and technology journalism. Learn more about these emerging
technologies and others through involvement with ASME, which provides access to a
community of engaged professionals, technical divisions that disseminate the latest devel-
opments and a wealth of member’s-only benefits.

to view this article online, click here

BACK TO TABLE OF CONTENTS
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PRODUCT DEVELOPMENT

NeuronicWorks designed and developed a fully functional, assembled and tested system
for controlling the concrete manufacturing process. NeuronicWorks

tiptap is a standalone, wireless, mobile, contactless
payment receiver. The industrial design team at
NeuronicWorks was enlisted to help achieve a sleek and
versatile design. NeuronicWorks

in each of these areas by making changes in the proposed
design.

For Botos, building a checklist of what to look for “is not
rocket science,” but de-risking the process does require expe-
rience and the emphasis may differ for each manufacturer.
NeuronicWorks aims to produce the blueprints that will at once
minimize product iterations and fit the production capabilities
of the chosen manufacturer.

“For instance, you cannot ask for a more precision than the
manufacturer is able to provide,” Botos said. “The point here is
to understand clearly what your manufacturing partner is capa-
ble of doing, what machinery and automation they have. At the
end of the day, somebody has to translate this information—
the blueprints from the design phase—into the manufacturing
phase. That is a process that is many times overlooked.”

It all calls for greater communication, Botos added. “I cannot
say enough how many times it is overlooked.”

to view this article online,  Elick here

BACK TO TABLE OF CONTENTS
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Define, measure and
analyze your performance
to make the right capital
Investment.
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CHAPTER 4:

Don’t Overlook Planning: 5 Ways
to Get Growth Right at the Start

BOB VAVRA, Senior Content Director, Machine Design and Power & Motion

very manufacturer wants to grow the business. From the smallest component part to
the largest vehicles, searching for greater productivity, cost management and uptime
are essential to preserving capital and delivering efficient quality.
Those qualities don't just happen, however. Chad Champine, the industrial client
leader for the southeast region at BHDP Architecture, points out that planning for
success is essential to actually achieving it. In a recent article at IndustryWeek, a Machine
Design partner site, Champine notes that the planning phase often gets overlooked .
“Manufacturers commonly overspend on capital investment by proceeding with facility
expansions or new facility construction before they conduct a thorough due diligence
assessment,” Champine writes. “They attempt to safeguard the business by ordering
excess inventory instead of properly right-sizing their inventory and operations. This
practice is intensified during periods of increased supply chain turmoil or global financial
instability.”
Champine’s article lays out five specific needs for manufacturers looking to execute an
effective growth strategy. They are:
1. Define the current state of the organization.
2. Measure the facility’s performance.
3. Analyze the facility’s processes.
4. Improve process performance.
5. Control the improved manufacturing process.

“Without properly identifying the root cause, manufacturers in many cases can become
increasingly unable to fulfill their customer orders and frantically chase a backlogged pipe-
line, attempting to remedy the situation,” Champine adds. “Temporary solutions can lead
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to hasty decisions involving increased capital assets, short-term facility expansion efforts
and construction of additional manufacturing facilities.”

The full story from IndustryWeek can be found at this link.

to view this article online, click here

BACK TO TABLE OF CONTENTS
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A team of engineers
leverage custom esign
and analysis to build a
reliable isolator solution
for the Navy's Columbia-
class submarine.

Istock

CHAPTER 5:

Pass the Shock Test: a Case Study
In Designing a Custom Isolator

TIM RUSSELL, Regional sales engineer

ilitary equipment deployed by the United States Navy must operate consistently

and reliably under harsh conditions and in dangerous environments. Whether it’s

a period of war or peace, American and allied interests rely on advanced precision

technology for protection and mission success. Ensuring this technology works

correctly involves many considerations, but solving shock and vibration challeng-
es is a critical aspect of the puzzle.

A well-known defense company working on electronic control equipment for the Navy’s
Columbia-class submarine turned to Hutchinson Aerospace and Industry to help solve
a shock problem that a competitor could not. Through a rigorous system analysis and
strategic design, Hutchinson’s engineering team helped create a dependable solution that
eliminated the need for a complete system redesign and saved the customer about a year
of time and money.

A Shocking Problem .'

Hutchinson Aerospace and Industry assists the military and other industries by creating
reliable engineered rubber products for shock and vibration solutions. The engineering team
consists of custom system design specialists who not only provide data and evaluations for
shock and vibration, but for electromechanical system assemblies and electrification solutions.

READ MORE: Choosing the Right Automated Joining Solution for Your
Assembly Application

Before Hutchinson’s engineering team could get started on a solution, they first needed
to gain a holistic understanding of the problem.
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The engineers learned the defense company was working on a bulkhead-mount-
ed enclosure featuring an internal circuit card deck that had limited deflection space.
However, the internal circuit card deck needed to stay under the maximum acceleration
limit during shock events.

When the customer performed 901E shock testing on the enclosure, they discovered
that a competitor’s isolator configuration and proposed isolator were not performing the
way they needed to. In particular, the system transmitted high acceleration levels to the
internal circuit card assembly during shock events—resulting in a failed test.

With this knowledge in hand and knowing the customer had limited time to solve this
shock problem, the team of engineers got to work on creating a solution.

A System Analysis Inspires a Custom Solution

Along with customer-provided shock input time history, Hutchinson’s engineers used the
company’s CAD capability (including non-linear 3D FEA) and in-house proprietary analyti-
cal tools to analyze the system and gain a holistic understanding of the problem. To make
sure the system passed the shock test—and to achieve the customer’s desired acceler-
ation requirements—the engineers were able to tap into their knowledge of materials to
determine that a custom elastomer blend used in one of the existing isolator designs, as
well as a different mounting system, was needed.

READ MORE: Choosing the Best Vibration Sensor

With the results of the precision system analysis in the back pocket, the engineers creat-
ed a custom elastomer formulation that was 50% stiffer than the standard elastomer. They
used the new elastomer in the existing isolator geometry. In addition, they implemented
stabilizer mounts at the upper corners of the system’s card deck to allow for better motion
control and lower transmitted acceleration.

Once the team completed the isolator design and validated the isolator’s performance in
the Hutchinson Test Lab, the team of engineers provided the customer with samples they
could use in trial testing.

A Passing Grade

The results of the trial testing were just as expected: their isolator was successful in
meeting the company’s maximum acceleration levels, using only half the allowable deflec-
tion space to do so. In addition, the isolator in the actual system passed 901E shock tests.

READ MORE: Controlling Noise and Vibration

Ultimately, the design and analysis support meant the customer did not have to go back
and redesign the entire assembly, an extremely costly process that would have taken about
a year and delayed the project. Hutchinson’s team was able to analyze the existing system,
finding innovative ways to create a reliable and custom solution accurately and quickly.

Focused on Solutions
The isolator example is just one of many that illustrates how the team routinely combines
expertise in shock and vibration isolation, knowledge of materials, large existing product
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catalog and system analysis expertise to create custom solutions for customers. But for
these engineers, coming up with a custom solution to ensure an optimal outcome is a
welcome challenge.

Tim Russell, Hutchinson regional sales engineer — U.S. Northeast / Defense Aftermarket
sales manager can be reached at (508) 417-7000.

to view this article online, click here
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