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Key Points

' Precision manufacturing is not a single process. It's a discipline that spans CNC
machining, die cutting, form-in-place (FIP) gasket dispensing, surface finishing, and more,

selected and sequenced to hit exact dimensional and functional targets.

« Tolerances define everything: what process you can use, what material you can specify,

and whether your part performs in the field.

' \Vertical integration, meaning multiple processes under one roof, compresses lead time,

reduces handoff risk, and gives your tolerance budget room to breathe across operations.

v Quality standards like AS9100, ISO 9001, and ITAR registration are the baseline; what
separates a capable partner from an adequate one is engineering depth and process

ownership.

v The right partner evaluates your design before quoting it, not after problems appear on
the floor.

The applications range widely: a machined aluminum enclosure for a radar system, a form-in-
place conductive gasket dispensed onto that enclosure before final assembly, a die-cut

thermal interface pad laminated into a medical device. Each involves different processes,

different materials, different tolerance regimes, and different consequences when something

goes wrong.

This guide covers the full scope: what precision manufacturing includes, how core processes
work, which industries depend on it most, what quality standards govern it, and how to

evaluate whether a partner can deliver on what they propose.


https://www.modusadvanced.com/resources/blog/precision-die-cut-thermal-interface-materials-when-standard-solutions-arent-enough

What "Precision" Means in Manufacturing

Precision is a relative term until you put a number on it. In manufacturing, it refers to the

ability to produce parts that consistently hit specified dimensions and characteristics within

defined tolerances, and to repeat that result across a production run.

Precision manufacturing vs. standard manufacturing, at a glance:

Factor Standard Manufacturing Precision Manufacturing
Dimensional +£0.5 mm (£0.020") or looser +0.25 mm (£0.010") or tighter, process-
tolerances dependent

Quality systems

Process control

Typical industries

DFM engagement

Basic QC inspection

General operational
controls

Consumer goods, general
industrial

Drawing review at quoting

AS9100, ISO 92001, validated processes, CMM
verification

Statistical process control, documented work
instructions

Aerospace, defense, medical devices, space

Engineering review before quoting; design
feedback integrated

Standard CNC (computer numerical control) machining holds tolerances of £0.25 mm

(£0.010") as a baseline. Die-cut film materials hold tighter tolerances for small dimensions,

while sponge and foam materials have wider allowable bands depending on thickness and part

size. FIP gasket dispensing holds bead tolerances of £0.15 mm (+0.006") under standard

conditions. Every process has a natural capability range, and that range determines whether a

given process can make your part.

Precision is also a design decision, not just a manufacturing one. Specifying tighter tolerances

than a function requires adds cost and lead time without adding performance. The goal is to hit

the tightest tolerance the part genuinely needs, and no tighter.



ﬂ Core Precision Manufacturing Processes

Precision manufacturing is not a single method. It is a family of processes, each suited to
specific geometries, materials, and performance requirements. A capable partner either
runs multiple processes in-house or coordinates them without creating handoff risk

between vendors.

CNC Machining

CNC machining removes material from a workpiece using cutting tools driven by programmed
instructions. It's the backbone process for precision metal components: housings, enclosures,
brackets, structural parts. Standard tolerances for CNC machining of metal components run to
+0.25 mm (£0.010"), with tighter tolerances achievable through specialized setups, tooling,

and process controls.

Three-axis setups handle most prismatic geometry efficiently. Five-axis machining allows
complex contours and compound angles to be cut in a single setup, which holds tighter inter-
feature relationships than work spread across multiple setups. For a deeper look at how axis

count affects your part, see our guide on 5-axis vs. 3-axis CNC precision machining.

Material selection affects what machining can deliver. Aluminum alloy choice, for instance,
determines residual stress behavior during material removal. It is important to distinguish
between Té and T651 temper on 6061 aluminum: T651 designation means the plate was

mechanically stretched after heat treatment to redistribute internal stress, while standard Té

plate can carry residual stresses that release during machining and move a part off dimension.

For heavily pocketed enclosures, that's a flatness problem, and flatness determines whether a

gasket sees uniform compression. Always specify T651 for aluminum plate that will be heavily

machined to avoid discovering that problem after a gasket fails a compression test.

For engineers who need the full process taxonomy. Turning, milling, grinding, EDM (electrical
discharge machining). Alongside the tolerance thresholds that separate standard from high-

precision work, the precision machining process and tolerance reference covers that ground
in depth.



https://www.modusadvanced.com/resources/blog/5-axis-vs-3-axis-cnc-precision-machining-choosing-the-right-setup-for-your-part
https://www.runsom.com/blog/how-to-machine-6061-t6-aluminum-chassis-without-stress-distortion-pre-stretched-plate-strategy/
https://www.runsom.com/blog/how-to-machine-6061-t6-aluminum-chassis-without-stress-distortion-pre-stretched-plate-strategy/
https://noxmetals.co/blog/aluminum-tempers-guide
https://noxmetals.co/blog/aluminum-tempers-guide
https://www.modusadvanced.com/resources/blog/precision-machining-processes-tolerance-thresholds-and-process-selection-logic

Form-in-Place Gasket Dispensing

FIP (form-in-place) gasket dispensing deposits a precisely controlled bead of elastomeric or
conductive compound onto a housing or substrate. The bead cures in place to form a gasket
that is sized, shaped, and positioned exactly as programmed. Standard bead tolerance is +0.15

mm (£0.006"), with start/stop and T-joint zones allowing slightly wider variation.

FIP is the preferred process for EMI (electromagnetic interference) shielding gaskets on

complex enclosures where a pre-cut gasket would require tedious hand-placement or couldn't

conform to a non-planar groove. It's also highly repeatable at production volumes.

The critical relationship between FIP and the machined housing it goes onto is rarely
discussed clearly. The tolerance budget for the assembly spans both operations. When the
machinist and the dispensing engineer work within the same operation, the tolerance budget
gets allocated across processes rather than defended at each handoff. A housing machined by

someone who has never dispensed an FIP gasket is bound to have some issues.

Die Cutting and Converting

Die cutting converts sheet materials. Foams, elastomers, tapes, thermal interface materials,
films. Into precise shapes using steel-rule dies, rotary dies, or matched-metal tooling.
It's the core process for high-volume production of gaskets, seals, pads, and other soft-

goods components.

Tolerances in die cutting depend on material classification. Film materials (BL1 designation)
hold tighter tolerances than sponge and foam materials (BL3 designation) across all dimension
ranges, because foam compresses during cutting in ways that film does not. A foam part with a
dimension over 160 mm (6.3") uses a multiplier-based tolerance rather than a fixed band: the

allowable variation scales with part size.

Waterjet cutting and CNC knife cutting are alternatives when die tooling isn't justified
by volume, or when geometry changes frequently. Each has its own tolerance profile and

cost structure.


https://www.modusadvanced.com/resources/blog/form-in-place-emi-gaskets-precision-shielding-for-complex-geometries

Surface Finishing, Plating, and Coating

Machined metal parts rarely ship bare. Surface finishing serves functional purposes: corrosion
resistance, conductivity, hardness, and EMI shielding effectiveness all depend on what's

applied to the surface after machining.

For RF (radio frequency) components, the physics are clear: plate at
. Beyond that depth,
and only adds cost. Finish material selection involves real trade-offs: silver has the
best conductivity but tarnishes, while gold is
, making it better for long-term stability. Nickel is , which
creates areal problem if a high-frequency application carries an electroless nickel callout

without anyone having examined whether that's a wise pairing.

Conversion coating typically adds 1-2 weeks to lead time, and combined coating plus plating
can add 2-3 weeks. These aren't surprises if you plan for them. They become problems when
they're discovered after a schedule has been locked.

Plating also adds material to surfaces, which affects dimensions. A feature machined to
nominal, then plated, is dimensionally different at the plating inspection step than it was at the

machining step. Who owns the allowance, and whether the drawing dimension is interpreted

before or after plating, are live questions on any part that passes through both operations.



https://rfessentials.com/resources/skin-depth-calculator/
https://rfessentials.com/resources/skin-depth-calculator/
https://rfessentials.com/resources/skin-depth-calculator/
https://rfessentials.com/resources/skin-depth-calculator/
https://rfessentials.com/resources/rf-glossary/skin-effect/
https://rfessentials.com/resources/rf-glossary/skin-effect/
https://rfessentials.com/resources/rf-glossary/skin-effect/

Industries Where Precision
Manufacturing Is Non-Negotiable

Not every industry tolerates the same margin for error. In the applications below, the

tolerance isn't just a manufacturing specification. It's a reliability guarantee.

Industry Typical Components Key Precision Requirements

AS9100 quality systems, ITAR

Aerospace & Defense RF enclosures, radar housings, compliance, DFARS material
P structural brackets traceability, tight dimensional
tolerances

ISO 13485 quality management,
validated processes, material
biocompatibility

Surgical instruments, device

Medical Devices . .
housings, sealing components

Satellite subsystems, Extreme environmental performance,
Space electronic assemblies, thermal full traceability, zero-defect
management components expectations

EMI shielding effectiveness, surface
finish consistency, high-volume
repeatability

Industrial & Signal shielding enclosures,
Telecommunications thermal interface components

Aerospace and defense applications carry the most explicit regulatory burden. AS9100
certification is the quality management standard for aviation, space, and defense. ITAR
(International Traffic in Arms Regulations) registration controls what technology can be
shared and with whom. DFARS (Defense Federal Acquisition Regulation Supplement)
252.225-7009 restricts acquisition of specialty metals that were not melted in the United

States, its outlying areas, or a qualifying country, and that clause flows down through

subcontract tiers. A machining supplier needs mill test reports documenting melt origin for

every specialty-metal heat in the part.

For a thorough review of what aerospace buyers must verify before awarding flight-critical

work, see our dedicated article on aerospace precision machining requirements.


https://www.federalregister.gov/documents/2014/10/14/2014-24402/defense-federal-acquisition-regulation-supplement-flowdown-of-specialty-metals-restrictions-dfars
https://www.federalregister.gov/documents/2014/10/14/2014-24402/defense-federal-acquisition-regulation-supplement-flowdown-of-specialty-metals-restrictions-dfars
https://www.modusadvanced.com/resources/blog/aerospace-precision-machining-as9100-itar-fair-and-dfars-requirements-explained

Medical device manufacturing carries its own process validation requirements. Where a
defect cannot be fully detected by final inspection alone, confidence depends on controlling
the process itself. That logic applies to plating, dispensing, and other operations where the
result is embedded in the part rather than visible on its surface. For engineers working

through those requirements, our article on DEM in medical device development covers the

intersection of design decisions and device-level reliability.

Space programs demand the same zero-defect orientation. Precision manufacturing for

satellite communication systems and orbital transfer vehicle components extends those

requirements further, with full traceability and environmental performance expectations that
leave no room for process ambiguity.


https://www.modusadvanced.com/resources/blog/design-for-manufacturability-in-medical-device-development-engineering-excellence-where-lives-depend-on-precision
https://www.modusadvanced.com/resources/blog/component-manufacturing-for-satellite-communication-systems-precision-engineering-for-space-applications
https://www.modusadvanced.com/resources/blog/component-manufacturing-for-satellite-communication-systems-precision-engineering-for-space-applications
https://www.modusadvanced.com/resources/blog/orbital-transfer-vehicle-component-manufacturing-precision-services-for-space-missions

m Design for Manufacturability: The
Decisions That Determine Cost

Precision manufacturing costs are largely set during design, not during production. A part
designed without manufacturing input will cost more to make, take longer to qualify, and carry
more risk through the production run.

Design for Manufacturability (DFM) is the practice of making design decisions with
manufacturing constraints in mind from the start. Every feature that's harder to make costs
more and takes longer, and some features that look simple on a drawing are actually quite
difficult to produce at the tolerances called out. Several DFM decisions matter most for
precision parts:

« Tolerances: Specify the tolerance your function requires, not the tightest tolerance you
can imagine. Tighter tolerances than function demands increase cost, extend lead time,
and reduce the supplier pool without improving the part. This applies equally to
machined metal features and converted elastomeric components.

« Surface finish callouts: The standard as-machined finish from CNC milling and turning is
Ra 125 pin (3.2 um). Going from 125 to 63 pin generally requires sharper tooling and a

careful finishing pass. Going below 32 pin often means adding a whole second operation

such as grinding or polishing, which one practitioner guide estimates adds 20-40% in

machining cost on affected surfaces. Specify finer finishes only where sealing, bearing,

sliding contact, or fatigue life genuinely require it.

' Feature accessibility: Features machined in a single setup hold tighter relationships to

each other than features cut across multiple setups. Design for minimal reorientation.

' Material specification: Designate material temper explicitly on the drawing. Don't leave

it to interpretation. How material choice drives tolerances, tool life, and lead time is

covered in depth in the dedicated material selection article.

v Edge breaks and hardware: Specify edge breaks rather than relying on modeled

chamfers, because specifying prevents operator interpretation errors. For threaded


https://www.mecomeco.com/blog/surface-finish-ra-values
https://www.mecomeco.com/blog/surface-finish-ra-values
https://www.makerstage.com/resources/surface-finishes-guide
https://www.makerstage.com/resources/surface-finishes-guide
https://www.sattardas.com/resources/125-surface-finish-explained/
https://www.sattardas.com/resources/125-surface-finish-explained/
https://www.modusadvanced.com/resources/blog/precision-machining-parts-how-material-choice-drives-tolerances-tool-life-and-lead-time

inserts, define whether helicoils, dowel pins, or keenserts are required, sized for the boss,

and installed in the right sequence relative to plating.

For engineers looking to go deep on DFM principles as they apply specifically to precision

machined parts, the design considerations for precision machined parts covers tolerancing,

feature accessibility, material selection, and surface finish in detail.


https://www.modusadvanced.com/resources/blog/precision-machined-parts-design-considerations-that-determine-cost-and-quality

a Quality Standards That Govern Precision Manufacturing

Quality in precision manufacturing isn't a vague aspiration. It's a documented system with
verifiable checkpoints. The certifications a partner holds tell you which quality frameworks

they've committed to and what they've been audited against.

Certification Scope Why It Matters
1ISO 9001 General quality management systems Basellr]e for any serious manufacturing
operation

Aerospace, space, and defense Extends ISO 9001 with aviation- and
AS9100 . . .

quality management defense-specific requirements
ITAR Defense-related manufacturing and Required for any work touching
Registration export controls controlled defense technology
CcMMC Cybersecurity maturity for defense Protects controlled unclassified
Compliance contractors information in the supply chain

Process-level control where final
inspection alone can't verify
conformance

Nadcap Special processes: heat treatment,
Accreditation NDT, chemical processing, welding

Nadcap (National Aerospace and Defense Contractors Accreditation Program) deserves

specific attention. A special process is one where the result cannot be fully verified by later

inspection alone: confidence depends on how the process itself is controlled. If a part is plated

inconsistently, the problem may not be obvious at final inspection. That's the same logic

behind process validation in medical device manufacturing, and it's the same logic that justifies

a 100% inspection step after plating.

Certifications are necessary, but they're not sufficient on their own. The question is whether
quality is embedded in the operation or simply documented in a manual. Ask how frequently
quality metrics are published internally, what the on-time delivery rate is, and how the partner
uses defect data to drive process improvement. A 99.5% quality rate target means something.

An undocumented claim about "commitment to quality" means nothing.


https://rapidcision.com/nadcap-accreditation-aerospace-guide/
https://rapidcision.com/nadcap-accreditation-aerospace-guide/
https://umbrex.com/resources/umbrex-explainers/aerospace-and-defense-explainers/nadcap/
https://umbrex.com/resources/umbrex-explainers/aerospace-and-defense-explainers/nadcap/

For a checklist of the observable markers that separate excellent from merely adequate, see

what makes a great precision machining company.



https://www.modusadvanced.com/resources/blog/what-makes-a-great-precision-machining-company-7-markers-that-separate-good-from-exceptional

a Vertical Integration Changes the Precision Calculation

Vertical integration means a manufacturer runs multiple process steps internally rather than
routing parts through a chain of subcontractors. For precision manufacturing, this isn't just a

logistics argument. It's a technical one.

When machining, plating, FIP dispensing, and final inspection happen at separate facilities, the
tolerance budget gets negotiated at every handoff. Each supplier defends their piece of the
allowance without visibility into what the next operation needs. The part that passes
machining inspection may still need rework before FIP dispensing can begin, because the
machining spec and the dispensing spec were never reconciled by people working on the

same team.

When those operations happen under one roof, the budget gets allocated across processes by
people who can see the whole picture. Fixturing decisions account for how the part will be
held in the next operation. Plating allowances are baked into the machined dimension rather
than discovered at final inspection. Programming for FIP dispensing can start while CNC
machining is still in progress: that's concurrency, not just consolidation, and it's a concrete

reason lead times compress. The additional benefits are operational:

« Reduced freight and handling: Parts don't ship between vendors between steps, which

removes both cost and damage risk.

v Single accountability: One partner owns the outcome; there's no ambiguity about which

vendor caused a defect.

«/ Cleaner communication: Engineering questions go to one team that sees the whole part,

not to siloed specialists who see one operation.

For a deeper look at how contract manufacturing company structure affects lead times,

quality control, and communication, see our article on how those organizations are structured.


https://www.modusadvanced.com/resources/blog/contract-manufacturing-companies-how-structure-determines-lead-times-quality-and-risk

Evaluating a Precision Manufacturing Partner

The partner-selection question comes down to two things: can they make your part, and will
they tell you when they see a problem you haven't noticed yet.

This suggested framework covers several dimensions. These are explored in more depth in the

dedicated pre-engagement shop audit guide and contract manufacturing services overview,

but at the highest level, here's what to assess:

v Engineering depth: Engineers should be embedded throughout the organization, not
siloed in a department that rarely touches customer programs. They should be the people
who review your drawing before the quote goes out, not the people called in when

something breaks.

« DFMinthe quoting process: A partner who flags design concerns before the quote s a
partner who will flag them before they become production problems. If DFM review is

separate from quoting, or doesn't happen at all, that's a gap.

v Quoting speed: Expect quotes within 24-48 hours. Longer quoting cycles often indicate

limited engineering capacity or poor process definition.

« Certifications: AS9100 and ISO 9001 for aerospace and defense work. ITAR registration
if your product falls under export controls. CMMC compliance if your programs involve

controlled unclassified information.

«/ On-time delivery and quality metrics: Ask for the numbers. A partner that tracks and

publishes on-time delivery and quality rate internally is one that takes them seriously.

v Prototype-to-production continuity: A partner who can prototype but not scale, or scale
but not prototype, will force a re-qualification at exactly the wrong moment. Continuity
through both phases matters. For more on managing that transition without losing

repeatability, see our article on scaling from prototype to production.

' Process transparency: Ask how they handle change requests. Ask how they
communicate delays. The answer tells you more about the relationship you're buying into
than any spec sheet.


https://www.modusadvanced.com/resources/blog/how-to-evaluate-a-precision-machine-shop-before-you-send-a-single-drawing
https://www.modusadvanced.com/resources/blog/what-to-look-for-in-contract-manufacturing-services-beyond-price-per-part
https://www.modusadvanced.com/resources/blog/precision-parts-manufacturing-scaling-from-prototype-to-production-without-losing-repeatability

For guidance on selecting among contract manufacturers when quality, lead time, and risk are

all in play, see how to choose the right contract manufacturing partner.
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https://www.modusadvanced.com/resources/blog/contract-manufacturing-how-to-choose-the-right-partner-without-costly-mistakes

m Frequently Asked Questions
About Precision Manufacturing

?  Whatis precision manufacturing?

Precision manufacturing is the production of parts and components to exact
dimensional tolerances, material specifications, and surface characteristics, using
advanced processes such as CNC machining, die cutting, form-in-place gasket
dispensing, and surface finishing. It relies on CAD/CAM (computer-aided design
and computer-aided manufacturing) programming, controlled tooling, and
documented quality systems to achieve repeatable results in demanding

applications including aerospace, defense, and medical devices.

?  What tolerances qualify as "precision" in manufacturing?

Tolerance thresholds vary by process. CNC machining of metal components
achieves £0.25 mm (£0.010") as a standard baseline, with tighter tolerances
achievable through specialized setups. FIP gasket dispensing holds bead
placement to £0.15 mm (£0.006") under standard conditions. High-precision

machining for aerospace or RF applications may require tolerances an order of

magnitude tighter, supported by environmental controls and specialized
metrology. The threshold that counts as "precision" is the one your application

actually requires, not the tightest number on a capability chart.


https://www.modusadvanced.com/resources/blog/high-precision-machining-when-standard-tolerances-arent-enough
https://www.modusadvanced.com/resources/blog/high-precision-machining-when-standard-tolerances-arent-enough

What industries use precision manufacturing?

Aerospace and defense, medical devices, space systems, and telecommunications
are the primary industries where precision manufacturing is required rather than
optional. These sectors share a common characteristic: a dimensional or
functional failure in a finished part can result in mission failure, patient harm, or
system compromise. Automotive electronics and industrial instrumentation also
rely on precision manufacturing for components where reliability and

repeatability are critical.

How does CNC machining relate to precision manufacturing?

CNC machining is the most common precision manufacturing process for metal
components. Computer-controlled cutting tools remove material according to
programmed instructions, achieving tight dimensional tolerances on housings,
brackets, enclosures, and structural parts. It's one process within the broader
precision manufacturing discipline, which also includes die cutting, surface
finishing, plating, and sealing operations, and it's typically the first operation when
a multi-step assembly is involved. For a realistic picture of what modern CNC can

and cannot do, see our CNC precision machining capabilities overview.

What certifications should a precision manufacturer hold?

The relevant certifications depend on your industry. AS2100 covers aerospace,
space, and defense quality management. ISO 9001 is the baseline quality
management standard applicable across industries. ITAR registration is required
for any work touching controlled defense technology. ISO 13485 governs medical
device quality management. For special processes including plating, heat
treatment, and NDT (non-destructive testing), Nadcap accreditation indicates

process-level control beyond what final inspection alone can verify.


https://www.modusadvanced.com/resources/blog/cnc-precision-machining-capabilities-limitations-and-what-to-expect-from-a-modern-shop

What is the difference between precision

engineering and precision manufacturing?

Precision engineering is the discipline of designing and analyzing systems and
components to exact specifications, including tolerance analysis, GD&T
(geometric dimensioning and tolerancing) schemes, and design for
manufacturability review. Precision manufacturing is the execution side:
producing those designed components to the specified tolerances using
controlled processes. The best precision manufacturing partners integrate both,
applying engineering judgment throughout design review, quoting, and

production, not just at the machining step.

How does vertical integration improve precision manufacturing outcomes?

When multiple process steps, machining, plating, FIP dispensing, inspection.
Occur under one roof, the tolerance budget gets allocated across operations by a
team that sees the whole picture. At separate facilities, each supplier defends
their piece of the allowance without knowing what the next operation needs.
Under one roof, fixturing decisions account for subsequent operations, plating
allowances are built into machined dimensions, and programming for later steps
can begin while earlier steps are still running. The result is tighter inter-process
coordination, faster lead times, and a single point of accountability for the

finished part.



How do | choose a precision manufacturing partner?

Evaluate engineering depth first. Engineers should be embedded across quoting,
manufacturing, and quality, not confined to a back-office department. Look for
DFM review before the quote goes out, not after the drawing ships. Verify
certifications relevant to your industry. Ask for documented on-time delivery and
quality metrics. Confirm that the partner can handle both prototype and
production volumes without requiring re-qualification between phases. Ask
directly how they handle design concerns and change requests: the answer tells

you what the working relationship will actually look like.



a Why Modus Advanced Operates This Way

Modus Advanced is a vertically integrated contract manufacturer built for aerospace, defense,
medical device, and space applications where the parts we make end up inside systems that
cannot fail. Our capabilities span CNC machining, FIP gasket dispensing, die cutting, plating
and coating, and assembly, all under one roof, all fed by an engineering team that makes up

more than 10% of our staff.

We hold AS9100 and ISO 9001 certifications, maintain ITAR registration, and adhere to
CMMC standards. Our on-time delivery and quality targets are tracked and published

internally because we treat them as operational commitments, not marketing language.

Our engineers are embedded across quoting, manufacturing, and quality, not stacked in a
department that rarely sees the floor. When you submit a design, our engineering team
reviews it for manufacturability before the quote goes out. We tell you when we see

something worth changing, and we explain why.

When a design engineer submits a machined housing spec without a material temper callout,
we ask. When a surface finish requirement looks finer than the function demands, we flag it.
When a tolerance callout on a feature that will be plated hasn't accounted for plating growth,
we raise it. These conversations happen at the beginning of a program because that's when

they're cheapest.

A pilot in the field, a patient in surgery, a service member depending on
communications equipment that has to work: someone is counting on
the assembly your part goes into. That's not an abstraction. It's the
standard we hold our work to, every part, every run. Because failure

isn't an option here.
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