Manufacturing Processes For Design Professionals 1

Manufacturing Processes For Design Professionals

Manufacturing Processes For Design
Professionals

Downloaded from app.ardentx.com by
Bradford & Ramos

BRIDGING THE GAP BETWEEN CONCEPT AND
CREATION: A GUIDE TO MANUFACTURING PROCESSES
FOR DESIGN PROFESSIONALS

In the world of product development, the distance between a
brilliant idea and a tangible, functional object is measured not in
inches, but in decisions. For design professionals—whether you
are an industrial designer, a mechanical engineer, a product
manager, or an aspiring entrepreneur—understanding the
manufacturing landscape is no longer optional. It is the critical
skill that separates a beautiful rendering from a successful,
market-ready product. This comprehensive guide explores the
essential manufacturing processes for design
professionals, offering the context and insight needed to make
informed choices that balance aesthetics, functionality, cost, and
scalability.

Too often, designers fall into the trap of creating objects that are
visually stunning but impossible to produce at scale, or
prohibitively expensive to manufacture. By familiarizing yourself
with the capabilities and constraints of various production
methods, you empower yourself to design with intention. This
knowledge allows you to optimize for manufacturability, reduce
lead times, and collaborate more effectively with engineers and
production partners. The goal is not to turn you into a machinist,
but to provide you with a strategic vocabulary and a practical
framework for selecting the right process for your project.

Why Manufacturing
Knowledge is a Superpower
for Designers

Before diving into specific technologies, it is crucial to understand
why this knowledge is so transformative. When you understand
how something is made, you begin to design for the process, a
principle often called Design for Manufacturing (DFM). This
approach leads to fewer revisions, lower tooling costs, and a
smoother transition from prototype to production. Every
manufacturing process has inherent strengths and weaknesses. A
deep understanding of these allows you to exploit the former and
mitigate the latter. This is the core value of studying
manufacturing processes for design professionals.

Furthermore, this knowledge enables you to choose materials
wisely. The choice of material is inextricably linked to the choice
of process. You cannot injection mold a ceramic part, nor can you
effectively 3D print a high-carbon steel gear with the same
surface finish as a machined one. By understanding this
interplay, you can create designs that are not only beautiful but
also durable, functional, and cost-effective.

ADDITIVE MANUFACTURING: BUILDING FROM THE
GROUND UP

Perhaps the most transformative development in modern
manufacturing is the rise of additive processes, commonly known
as 3D printing. For design professionals, additive manufacturing

(AM) has fundamentally altered the prototyping landscape and is
increasingly viable for end-use production.

Fused Deposition Modeling
(FDM) and Fused Filament
Fabrication (FFF)

FDM is the most accessible and widely used 3D printing
technology. It works by extruding a thermoplastic filament layer
by layer to build a part. This process is excellent for rapid
prototyping, conceptual models, and functional jigs or fixtures.
Design professionals value FDM for its low cost, wide material
selection (PLA, ABS, PETG, Nylon, and composites), and ease of
use. However, layer lines are visible, and surface finish can be
rough. It is ideal for early-stage validation and form studies where
speed is more critical than aesthetics.

Stereolithography (SLA)
and Digital Light Processing
(DLP)

When the project demands high resolution and a smooth surface
finish, SLA and DLP technologies are the go-to choice. These
processes use a UV laser or projector to cure liquid photopolymer
resin, layer by layer. The result is parts with exceptional detail,
sharp edges, and a surface quality often comparable to injection-
molded components. Design professionals frequently use SLA for
master patterns, investment casting patterns, medical devices,
and jewelry. The trade-off is that the resin materials are generally
less durable than thermoplastics and require post-processing,
including washing and curing.

Selective Laser Sintering
(SLS)

SLS is a powerful technology for producing functional, durable
prototypes and low-volume production parts. It uses a laser to
sinter powdered nylon (or other polymers) into solid structures.
Since the part is supported by unsintered powder, SLS does not
require dedicated support structures, enabling the creation of
complex geometries, living hinges, and intricate internal
channels. This process is highly valued for its mechanical
properties and is often used for end-use parts in aerospace,
automotive, and consumer goods.

Metal Additive
Manufacturing

For high-performance applications, metal 3D printing is a game-
changer. Technologies like Direct Metal Laser Sintering (DMLS)
and Electron Beam Melting (EBM) build parts from metal powder,
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allowing for the creation of lightweight, complex geometries
impossible to machine. Design professionals in medical implants,
aerospace components, and high-performance automotive parts
leverage metal AM for weight reduction and part consolidation.
The primary constraints are high cost, limited build sizes, and the
need for extensive post-processing.

SUBTRACTIVE MANUFACTURING: WHEN PRECISION
MATTERS

Subtractive manufacturing, the process of removing material
from a solid block to create a part, remains a cornerstone of
industrial production. It excels in producing parts with tight
tolerances, excellent surface finishes, and robust mechanical
properties.

CNC Machining (Milling and
Turning)

Computer Numerical Control (CNC) machining is the workhorse of
modern manufacturing. CNC milling uses rotating cutting tools to
remove material from a workpiece, while CNC turning rotates the
workpiece against a stationary cutting tool to create cylindrical
shapes. Design professionals choose CNC machining for
production runs where high precision is paramount. It is suitable
for a vast range of materials, including metals (aluminum, steel,
titanium, brass), plastics (acrylic, nylon, Delrin), and wood. CNC
machining is ideal for functional prototypes, tooling, and end-use
parts where strength and accuracy are non-negotiable. The
primary design considerations are tool access, avoiding sharp
internal corners (which require ball-end mills), and understanding
the cost implications of complex geometry.

Laser Cutting and
Engraving

Laser cutting is a fast and precise subtractive method for cutting
2D parts from sheet materials. It is incredibly popular for
prototyping and low-volume production of parts from acrylic,
plywood, cardboard, and thin metals. Laser engraving can add
surface textures, logos, or serial numbers. For design
professionals, laser cutting is invaluable for creating enclosures,
custom packaging, architectural models, and signage. The main
limitation is that it is essentially a 2.5D process, meaning it can
cut through a flat sheet but cannot easily create complex 3D
contours.

Waterjet Cutting

When you need to cut thick materials or materials sensitive to
heat (like composite panels, glass, or titanium), waterjet cutting
is an excellent choice. It uses a high-pressure stream of water
mixed with an abrasive grit to cut through virtually any material
without introducing a heat-affected zone. This preserves the
material's integrity and eliminates warping. Design professionals
specify waterjet cutting for large-format parts, gaskets, and
components where thermal damage must be avoided.

FORMING AND MOLDING: CREATING AT SCALE

When a product needs to be produced in thousands or millions of
units, forming and molding processes become the most
economical choice. These methods involve shaping material,

often through heat and pressure, into a desired form.

Injection Molding

Injection molding is the definitive high-volume manufacturing
process for plastic parts. Molten thermoplastic is injected under
high pressure into a steel or aluminum mold, where it cools and
solidifies. This process can produce complex geometries with
extremely tight tolerances and excellent surface finishes at very
high speeds. For design professionals, understanding injection
molding is critical. Key design principles include maintaining
uniform wall thickness, incorporating draft angles for part
ejection, avoiding sharp corners to reduce stress, and
strategically placing gate and ejector pin marks. The initial
tooling cost is high, but the per-part cost is very low at scale,
making it ideal for consumer products, medical devices, and
automotive components.

Die Casting

Die casting is the metal equivalent of injection molding. Molten
metal (typically aluminum, zinc, or magnesium) is forced into a
mold (die) under high pressure. It produces strong, dimensionally
accurate metal parts with excellent surface finishes. Design
professionals use die casting for housings, engine components,
and structural parts where strength and precision are required.
The same DFM principles apply: uniform wall thickness, draft
angles, and careful consideration of ejector pin placement.

Thermoforming

Thermoforming is a lower-cost alternative to injection molding for
producing plastic parts from sheet materials. A heated plastic
sheet is stretched over a mold and then cooled to retain its
shape. It is ideal for large, shallow parts like packaging trays,
internal panels, bathtubs, and signs. For design professionals,
thermoforming offers faster tooling turnaround and lower tooling
costs than injection molding, but it is limited in terms of geometry
complexity and detail.

FINISHING AND JOINING: THE FINAL DETAILS

The manufacturing process does not end when the part is
formed. Finishing and joining processes are equally important in
defining the final product's appearance, feel, and durability.

Surface Finishing

Surface treatments can dramatically alter a part's look and
performance. Common finishing processes include:

¢ Machining Finishes: A raw machined surface can be
polished, bead blasted, or anodized.

e Anodizing: An electrochemical process that increases
corrosion resistance and allows for vibrant coloring,
commonly used for aluminum.

* Powder Coating: A durable, thick finish applied
electrostatically and cured under heat. It is excellent for
outdoor and high-use products.

e Plating: Applying a thin layer of metal (e.g., chrome,
nickel) to improve appearance, corrosion resistance, or
wear properties.

¢ Painting and Pad Printing: Used to apply color, patterns,
and text to plastic or metal parts.

Design professionals should consider the finishing process early,
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as it can affect part geometry, material choice, and cost.

Joining Processes

Rarely is a product made from a single part. Joining methods are
critical:

» Fasteners: Screws, bolts, and clips are reliable and allow
for disassembly. Considerations include boss design for
plastic parts and access for assembly tools.

e Adhesives: Provide clean, continuous bonds and can join
dissimilar materials. Surface preparation is key.

* Welding: For metal parts, welding provides strong,
permanent joints. For plastics, ultrasonic welding, spin
welding, and solvent bonding are common.

e Snap-fits and Living Hinges: These are integral features
designed into the part (often for injection molding) that
allow for assembly without fasteners. They require careful
geometry and material selection.

MAKING THE RIGHT CHOICE: A STRATEGIC APPROACH

With such a diverse array of manufacturing processes for
design professionals, how do you choose the right one for your
project? The answer lies in a careful analysis of several factors:

1.

Production Volume: Is this a one-off prototype, a limited
run of 100 units, or mass production of 100,000 units?
Processes like 3D printing and CNC machining are cost-
effective at low volumes. Injection molding and die casting
become economical at high volumes.

. Material Requirements: What mechanical, thermal, and

aesthetic properties are required? This will narrow down
both material and process options.

. Complexity and Tolerance: How intricate is the

geometry? What are the dimensional tolerances? Tight
tolerances often dictate CNC machining or injection
molding.

. Lead Time: How quickly do you need the parts? 3D

printing and



