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Manufacturing Process For Design
Professionals

Bridging the Gap:
Understanding the
Manufacturing Process
for Design
Professionals

For  many  design  professionals,  the
journey from a brilliant  concept  to  a
tangible, market-ready product can feel
like  navigating  a  labyrinth.  You  have
meticulously crafted the perfect digital
model,  considered  ergonomics,  and
refined the aesthetic until it is flawless
on  screen.  Yet,  the  moment  of  truth
arrives when that design must meet the
physical world. This is where a deep,
w o r k i n g  k n o w l e d g e  o f  t h e
manufacturing  process  becomes  not
just  an  advantage,  but  a  necessity.
Understanding  how your  designs  will
be  made—the  constraints ,  the
opportunities, and the inherent logic of
production—is  what  separates  a
beautiful rendering from a successful,
profitable  product.  This  guide  is
designed  to  demystify  that  journey,
providing a comprehensive overview of
the manufacturing process for  design
professionals  who  are  ready  to  see
their work come to life.

The Critical Mindset:
Design for
Manufacturing (DFM)

Before we dive into specific processes,

it  is  essential  to  adopt  the  core
phi losophy  that  underpins  a l l
successful  production:  Design  for
Manufacturing, or DFM. This is not a
single  step but  a  continuous  mindset
that should inform every decision you
make,  from  the  initial  sketch  to  the
final CAD file. DFM is the practice of
designing a product so that it is easy
and  cost-effective  to  manufacture
without sacrificing quality or function.
For  design  professionals,  embracing
DFM means proactively communicating
with  engineers  and  fabricators,
understanding  the  tolerances  of
different  machines,  and  making
material  choices  that  align  with
production  realities.  Ignoring  DFM
often leads to costly redesigns, delayed
timelines,  and  products  that  are
unnecessarily expensive to produce. By
learning  the  language  of  the  factory
floor, you empower yourself to create
designs  that  are  both  innovative  and
manufacturable.

Key Principles of DFM

Adopting  a  DFM  approach  involves
several  core  principles  that  every
design professional should internalize.
These include:

Minimizing Part Count: A
design with fewer parts is
generally cheaper to assemble,
less prone to failure, and faster to
produce. Consider whether
multiple components can be
combined into a single, more
complex part.



Standardization: Using
standard, off-the-shelf
components like fasteners,
bearings, and electronic modules
can dramatically reduce costs and
lead times compared to designing
custom solutions for every
element.
Simplifying Assembly: Design
components that can only be
assembled in the correct
orientation (a concept known as
"pokayoke" or mistake-proofing).
This reduces assembly time, labor
costs, and the potential for errors.
Optimizing Tolerances: Specify
the loosest tolerances possible
that still allow the product to
function correctly. Tighter
tolerances mean higher costs and
slower production. Only use tight
tolerances where absolutely
critical for fit and function.
Choosing the Right Material:
The material you select has a
profound impact on the
manufacturing process. A material
that is perfect for a 3D-printed
prototype may be completely
unsuitable, or prohibitively
expensive, for injection molding at
scale.

The Major
Manufacturing
Processes: A Designer's
Guide

The manufacturing world is  vast,  but
most  processes  fa l l  into  a  few
fundamental  categories.  For  design
professionals, a clear understanding of
these  categories  and  their  specific
characteristics  is  the  key  to  making
informed decisions.

Subtractive Manufacturing:
Carving from the Solid

Subtractive  processes,  as  the  name
implies,  begin  with  a  solid  block  of
material  and  remove  unwanted
portions to create the final shape. This
is the oldest form of manufacturing and
remains incredibly relevant today.

CNC Machining is the most common
subtractive process for modern design
professionals.  Computer  Numerical
Control  (CNC)  machines—including
mills,  lathes,  and  routers—follow
precise digital instructions to cut metal,
plastic,  and  wood.  CNC  machining
offers  exceptional  accuracy,  excellent
surface finish, and the ability to create
complex geometries. It is ideal for low-
to-medium  volume  production,
functional  prototypes,  and  parts
requiring  high  strength  and  tight
tolerances. A key design consideration
for  CNC is  tool  access.  Your  cutting
tools are cylindrical, so internal corners
will always have a radius equal to the
tool's  diameter.  Designing  for  sharp
internal corners can be impossible or
require  secondary  operations,
increasing cost. Similarly, consider the
depth-to-width ratio of features to avoid
tool deflection and vibration.

Key design questions for CNC: Can
the cutting tools reach all features? Are
internal  radii  appropriate?  Are  there
deep, narrow pockets that could cause
tooling issues?

Additive Manufacturing:
Building Layer by Layer

Additive  manufacturing,  commonly
k n o w n  a s  3 D  p r i n t i n g ,  h a s
revolutionized  the  approach  to
prototyping and, increasingly, end-use
production.  Instead  of  removing
material, it builds objects layer by layer
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from  a  digital  model.  For  design
p r o f e s s i o n a l s ,  t h i s  o f f e r s
unprecedented geometric freedom. You
can  create  complex  internal  lattices,
organic  shapes,  and  assemblies  with
moving  parts  that  are  printed  in  a
single  build.  Fused  Deposit ion
Modeling (FDM) and Stereolithography
(SLA)  are  common  for  prototyping,
while  Selective  Laser  Sintering (SLS)
and Multi Jet Fusion (MJF) are moving
into production-grade parts.

The primary advantage for designers is
the elimination of tooling costs. There
is no need for expensive molds or dies,
making additive manufacturing perfect
for customization, complex geometries,
and  low-volume  runs.  However,  it  is
often slower than other processes for
high-volume  production,  and  surface
finish  may  require  post-processing.
Anisotropy is  a  critical  concept  here:
parts  are  often  weaker  in  the  Z-axis
(the  build  direction)  than  in  the  X-Y
plane. Orientation of your model on the
build plate is a vital design decision.

Key design  questions  for  Additive
Manufacturing: Does the design take
full advantage of geometric freedom? Is
the  build  orientation  optimized  for
strength  and  surface  finish?  Are
support  structures  required,  and  can
they be removed easily?

Formative Manufacturing:
Shaping with Force and Heat

This  category  covers  processes  that
shape material by applying force, often
with heat, using a mold or die. These
are  typically  high-volume,  highly
repeatable processes where the initial
tooling cost  is  high,  but  the per-part
cost is very low.

Injection  Molding  is  the  king  of
formative  processes  for  plastic  parts.
Molten plastic  is  injected under  high

pressure  into  a  precision-machined
steel mold, where it cools and solidifies.
It  is  used  for  everything  from bottle
caps to automotive dashboards. For a
design  professional,  injection  molding
presents a unique set of rules. Uniform
wall thickness is paramount to prevent
warping,  sink  marks,  and  internal
voids.  Draft  angles (a slight taper on
vertical walls) are required to eject the
part  from  the  mold.  Ribs  should  be
added for strength rather than making
walls thicker, and sharp corners should
always  be  avoided  to  reduce  stress
concentration  and  improve  material
flow.

Other formative processes include Die
Casting (for metal, similar to injection
molding),  Forging  (compressing  hot
metal), and Blow Molding (for hollow
plastic parts like bottles). Each has its
own design lexicon. For example, in die
casting,  avoiding  thick  sections  is
critical due to porosity concerns, while
in forging, the grain flow of the metal
can be aligned with the part's  stress
paths for superior strength.

Key design questions for Formative
Manufacturing:  Is  wall  thickness
uniform? Are generous radii and draft
angles included? Can the part be easily
removed from the mold? Is the tooling
investment justified by the production
volume?

Sheet Metal Fabrication:
Cutting and Bending

For  many  products,  from  electronics
enclosures  to  architectural  elements,
sheet metal is the material of choice.
The processes involved are remarkably
straightforward but require a specific
design  sensibility.  The  sheet  is  cut
(using laser, plasma, or waterjet), then
bent (using a press brake) into its final
shape.



Designing  for  sheet  metal  means
u n d e r s t a n d i n g  t h e  " b e n d
allowance"—the material that stretches
or compresses during bending,  which
must  be  calculated  to  achieve  the
correct  final  dimensions.  The  bend
radius is also crucial; a bend that is too
tight  for  the  material  thickness  will
cause  cracking.  Holes  and  features
should  be  placed  at  a  minimum
distance from bends to avoid distortion.
Flanges, hems, and countersinks are all
standard  features  that  add  strength
and  functionality  without  excessive
cost. The process is highly repeatable,
cost-effective  for  both  low  and  high
volumes,  and  produces  robust,
lightweight  parts.

Key  design  questions  for  Sheet
Metal:  Is  the  material  thickness
consistent  with  the  bend radius?  Are
holes  placed  a  safe  distance  from
bends? Is  the overall  part  designable
from a single sheet (where possible) to
minimize waste?

Materials and Their
Manufacturing Affinity

The choice of  material  is  inseparable
from the choice of  process.  A design
professional  must  understand  this
symbiotic relationship. Here is a brief
overview:

Thermoplastics (e.g., ABS,
Nylon, Polycarbonate): Highly
versatile. They can be injection
molded, 3D printed (FDM, SLS),
CNC machined, and
thermoformed. Their ability to be
repeatedly melted and solidified
makes them ideal for recycling
and a wide range of forming
processes.
Thermosets (e.g., Epoxy,
Polyurethane): These materials
cure permanently when heated or

mixed. They are often used in
casting and compression molding.
They offer excellent heat and
chemical resistance but cannot be
remelted. They are common in
high-performance composite
structures.
Metals (e.g., Aluminum, Steel,
Titanium): Metals are typically
CNC machined, die cast, forged,
or fabricated from sheet. Additive
manufacturing (Direct Metal
Laser Sintering) is a rapidly
growing option for complex, high-
value metal parts. The choice of
alloy significantly impacts
machinability, strength, and
corrosion resistance.
Wood and Composites: Wood is
often CNC routed or laser cut.
Composites (like carbon fiber)
involve laying up sheets of fiber
with resin, often in a mold, and
curing them. This is a highly
skilled, manual process, though
automation is increasing.

From Prototype to
Production: Navigating
the Journey

For the design professional,  the path
from concept to market rarely involves
a  single  manufacturing  process.  A
typical  journey  might  look  like  this:

Concept Prototyping: FDM 3D1.
printing is used to quickly iterate
on form and ergonomics. Speed
and low cost are paramount;
material properties are
secondary.
Functional Prototyping: SLA or2.
SLS 3D printing, or CNC
machining of a softer metal like
aluminum, is used to test fit,
function, and basic performance.
Parts here must be more robust
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and accurate.
Bridge Tooling: Soft tooling3.
(using aluminum instead of
hardened steel) might be used for
a small run of injection molded
parts to test market response or
fulfill initial orders before
committing to full production
tooling.
Production: Hardened steel tools4.
are cut for high-volume injection
molding. The process is fully
automated, and quality control is
rigorous. The per-part cost is
minimized, and output is
maximized.

Conclusion: The
Enduring Value of
Manufacturing Literacy

In a world of increasingly complex and
interconnected design challenges,  the
manufacturing  process  is  not  a
postscript to a design project;  it  is  a
fundamental  part  of  the  conversation
from  the  very  first  idea.  For  design
professionals,  fluency in the language
of production—from CNC tool paths to
injection mold draft angles and additive
layer  orientation—is  a  superpower.  It
allows you to innovate with confidence,
communicate  ef fect ive ly  with
production  partners,  and  ultimately
deliver  products  that  are  not  only
beautiful and functional but also viable
and  profitable.  By  embracing  the
principles  of  DFM and understanding
the core processes at your disposal, you
transform from a pure stylist into a true
creator  of  tangible,  real-world
solutions. The gap between the digital
and  the  physical  closes  when  you
master  the  art  of  making.


