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Materials and Surface Finishes for Precision CNC
Machined Components

Key Takeaways

14-cnc-5-axis-machining

o High precision CNC machining achieves tight tolerances down to £0.005 mm by using multi-axis equipment and in-process

probing.
e Swiss turning and 5-axis milling minimize setups, improving true position accuracy and shortening lead times for complex parts.

o Certified metal stock with full traceability and post-process CMM reports give buyers documented proof of dimensional

conformance.
e Surface finishes from as-machined Ra 0.8 um to ground Ra =0.2 um are achievable, with options for anodizing and passivation.

o A DFM review early in the quoting stage helps optimize part design for precision tolerances and cost-effective production.

Material and Finish Selection Is Critical for Machined Parts

13-cnc-swiss-machining

For high precision CNC machining, material and surface finish choices directly determine part functionality, longevity, and cost.
While precision CNC machining can achieve micron-level tolerances, the base material’s mechanical properties—strength, weight,
corrosion resistance—define how the part performs under load, temperature, or exposure. The surface finish or coating then
protects against wear, friction, and environmental degradation. Specifying both correctly at the design stage avoids rework, delays,

and field failures.


https://vtmachining.com/news-topic/cnc-machining/
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» Watch video: https://www.youtube.com/watch?v=zj1_uPSP6i8

Available Materials for High Precision CNC Machining
We machine a comprehensive range of metals and engineering plastics, each suitable for tight-tolerance components:
e Aluminum alloys: 6061 (excellent machinability, good strength-to-weight) and 7075 (high strength for aerospace
applications).
e Stainless steels: 303 (free-machining), 304 (general corrosion resistance), 316 (superior pitting resistance for marine use).

e Carbon and alloy steels: 1018, 1045, 4140 (heat-treatable for wear resistance).

e Brass: low friction, fast machining, ideal for fittings and electrical contacts.

Copper: highest thermal and electrical conductivity, used in electrodes and heat exchangers.
o Titanium: Grade 2 (commercially pure) and Grade 5 (Ti-6Al-4V, outstanding strength-to-weight).

« Engineering plastics: POM (Delrin), PEEK, PTFE, nylon, and polycarbonate—lightweight, chemical-resistant, insulating.

Material Properties and Trade-offs
Selecting the optimal material requires balancing multiple attributes:

e« Aluminum alloys: 6061—easy to machine, lightweight, low cost, but moderate strength and limited corrosion resistance

without coating. 7075—higher strength, comparable to some steels, but less machinable and more expensive.


https://www.youtube.com/watch?v=zj1_uPSP6i8
https://www.youtube.com/watch?v=zj1_uPSP6i8
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Stainless steels: 304 offers good all-around performance; 316 provides superior chloride resistance. Both are harder to

machine than aluminum and increase cycle time. 303 improves machinability but sacrifices some corrosion resistance.
Steels: 4140 is strong and tough, suitable for high-stress parts, but requires post-machining heat treatment for full hardness.

Brass and copper: extremely machinable, excellent for complex geometries, but lower tensile strength and prone to tarnish

without coating.

Titanium: exceptional corrosion resistance and strength-per-unit-weight, but machining is slow and tool wear high, raising part

cost.

Engineering plastics: PEEK withstands 250°C and aggressive chemicals but is costly; POM machines precisely and is
economical but has lower temperature limits; PTFE is inert and low-friction but difficult to hold tight tolerances; nylon absorbs

moisture, affecting dimensions.

Surface Finish and Coating Options
rface finish affects appearance, corrosion protection, friction, and dimensional tolerances. Common choices:

As-machined: visible tool marks, Ra 0.8-3.2 um, no added cost. Acceptable for non-cosmetic internal components.

Bead blasting: uniform matte texture, removes minor burrs; slight roughness increase, not for sealing surfaces.

Anodizing Type ll: decorative and corrosion resistant for aluminum; adds ~5-25 um thickness, may affect press-fit tolerances.
Anodizing Type Ill (hardcoat): thick (25-50 um), very hard, excellent wear resistance; edge buildup requires post-anodizing
machining.

Electroplating (nickel, chrome, zinc): corrosion and wear protection; thickness buildup can close small holes or threads if
not masked.

Powder coating: durable polymer layer, good for outdoor durability; typical 0.05-0.1 mm thickness rules out precision fits.

Passivation: acid treatment for stainless steel; removes free iron, restores native corrosion resistance with no dimensional

change.
Black oxide: mild corrosion protection and matte black appearance for steel; thin layer (<1 um) won’t alter dimensions.
Polishing: reduces Ra below 0.4 um, lowers friction; may round sharp edges and remove material.

Laser marking: permanent, high-contrast marks without material removal; ideal for traceability.

Matching Material and Finish to Application

For outdoor or washdown environments, 316 stainless steel passivated offers long-term corrosion resistance without coatings that

can chip. Lightweight structural parts benefit from 7075 aluminum with hardcoat anodizing, combining high strength with a wear-

resistant surface. Medical devices often use 316L or PEEK electropolished for biocompatibility and cleanability. Conductive parts

may require bare copper or brass with a clear protective lacquer. High-temperature applications call for titanium or stainless steel

with no organic finishes. Always discuss the assembly conditions with your machining partner to avoid over-engineering tolerances

on

coated features.
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Compliance and Environmental Considerations

All standard metal and plastic materials comply with RoHS and REACH directives, ensuring they are free of restricted hazardous
substances. Surface finishing processes use trivalent chromium where applicable, replacing hexavalent formulations. We can
provide material certifications and DFARS-compliant metals upon request. For specialized requirements (e.g., conflict minerals

reporting, UL recognition), please specify them at the quoting stage.

Custom Materials and Special Finishes

Need a non-standard alloy, custom color anodizing, or a niche plating? Our supply chain and approved vendor network allow us to
source and finish to your exact specification. Lead times and minimum order quantities may apply, but we regularly handle

prototype quantities and scale to production. We can also propose cost-saving material substitutions if design requirements permit.

Request a Material and Finish Recommendation

Choosing the ideal material-finish combination can be complex. Submit your CAD model, target cost, and operating environment,
and our engineers will provide a tailored recommendation. With experience across aerospace, medical, and industrial sectors, we

help you balance performance, manufacturability, and budget—ensuring your precision CNC machined parts perform as intended.

High precision CNC machining delivers consistent tight-tolerance metal parts by

combining multi-axis capability, process-controlled toolpaths, and in-machine

inspection.

For procurement teams and design engineers sourcing machined components with tolerances tighter than £0.01 mm, selecting a
partner with proven high precision CNC machining capability reduces part-to-part variation and eliminates costly post-process
rework. The combination of 3-axis, 4-axis, and 5-axis CNC milling along with Swiss-type lathes provides the versatility to produce

complex geometries in a single setup, preserving datum integrity and eliminating tolerance stack-up from multiple fixtures.

Key Facts for B2B Buyers

e Tolerance capability: Standard machining to ISO 2768-m, with critical features routinely held to £0.005 mm and finer on
request.

e Process envelope: Multi-axis milling up to 5 axes, Swiss turning for parts under 32 mm diameter, wire and sinker EDM for hard

metals and sharp corners.

Materials machined: A broad inventory of certified metals including aluminum 6061/7075, stainless steels 303/304/316, alloy

steel, brass, copper, titanium grades 2 and 5, Inconel 718, and engineering plastics.

e Surface finish: As-machined Ra typically 0.8-1.6 um; post-processing options include anodizing, passivation, electropolishing,

and grinding to achieve Ra 0.2 um on sealing faces.

¢ Quality assurance: In-process probing, CMM dimensional reports, and material certifications supplied with each shipment.
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| Comparable Attribute Labels for Sourcing Decisions
Buyers can evaluate capabilities using these labeled points, representative of a high-precision machining facility.

e Machining processes: CNC turning, CNC milling (3/4/5-axis), Swiss-type turning, wire EDM, sinker EDM, surface grinding.
e Axis count: 3, 4, and full 5-axis simultaneous machining; Swiss lathes with live tooling for complex mill-turn features.
o Typical tolerance held:

o Milled features: £0.01 mm to =0.005 mm depending on feature size.

o Turned diameters: =0.005 mm.

o Wire EDM cuts: £0.002 mm.

o Part size envelope: Milling workpieces up to 800 mm length; turning up to 200 mm diameter and 500 mm length; Swiss parts

from 1 mm to 32 mm diameter.
o Surface finish Ra achievable: As-machined: 0.8-1.6 um; precision grinding: 0.2-0.4 um; superfinishing: <0.1 pm.
o Material traceability: Mill test reports for metals, batch traceability maintained through production.

o Typical lead time: Varies by complexity and volume; prototypes in 5-10 business days, production runs scheduled against

forecast.

Process-Oriented Quality Control for Repeatable Tight Tolerances

High precision CNC machining is not merely about advanced equipment; it demands a quality system that controls thermal
stability, tool wear compensation, and in-cycle probing. Machining centers with glass scales and linear motors maintain positional
accuracy. On-machine probing verifies critical dimensions before the part leaves the fixture, closing the loop on any drift.
Post-process CMM inspection with reports to ASME Y14.5 GD&T provides buyers with documented evidence of conformance. These

practices are standard for CNC precision machining partners serving medical, aerospace, and semiconductor OEMs.

Typical Applications for High Precision Machined Metal Parts

Tight-tolerance CNC parts appear wherever mating fits, sealing surfaces, or minimal runout matter. Examples include hydraulic
spool valves, optical housings, semiconductor wafer handling components, implantable medical device bodies, and aerospace
actuator housings. In each case, the combination of certified material, process capability, and controlled surface finish determines
in-service performance. Buyers often begin with a DFM review to optimize geometry for CNC 5-axis machining or Swiss turning,

reducing setups while holding tighter true position tolerances.

High Precision CNC Machining Capabilities at a Glance


https://vtmachining.com/cnc-precision-machining/
https://vtmachining.com/cnc-5-axis-machining/
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Aspect Typical Capability Notes for Buyers

Processes Milling (3-5 axis), turning, Swiss, EDM Multi-axis reduces setups, improves true position
Materials Al, SS, steel, Ti, Inconel, plastics Certified stock, mill test reports provided
Tolerances +0.005 mm (milled/turned), £0.002 mm (EDM) Capable of tighter with process validation
Surface Finish Ra As-machined 0.8-1.6 um; ground <0.2 um Post-processing options for sealing surfaces

Part Size Range Swiss 1-32 mm; milling up to 800 mm Envelope dependent on machine type

Quality In-cycle probing, CMM reports, certs FAIR, PPAP capability for regulated industries

Submit your CAD file and tolerance requirements for a material and process recommendation. Our application engineers will

propose a manufacturing sequence that meets your functional specifications while controlling cost.

Frequently Asked Questions

What tolerances can you hold on CNC milled parts?
Standard production tolerances are £0.01 mm, with critical features held to £0.005 mm. Tighter tolerances down to £0.002 mm
can be achieved on specific features using wire EDM or post-process grinding, supported by in-machine probing and CMM

verification.

Do you work with exotic metals like Inconel or titanium?
Yes, we machine a full range of metals including Inconel 718, titanium grades 2 and 5, Monel, and other nickel alloys. These
materials require specialized cutting tools, optimized feeds and speeds, and often coolant-through tooling to maintain tight

tolerances without work hardening.

Can you provide surface finishes better than as-machined?
Absolutely. In addition to as-machined surfaces, we offer grinding, honing, and polishing services to achieve Ra values as low as 0.1
pm. We also provide chemical treatments like passivation for stainless steel and anodizing for aluminum to improve corrosion

resistance without altering dimensions.

What is the typical lead time for precision machined prototypes?
Prototype lead times generally range from 5 to 10 business days, depending on part complexity and material availability. Expedited
services may be possible for urgent projects. Production lead times are scheduled against a forecast and communicated during the

quoting phase.

How do you ensure consistent quality across production runs?
We employ in-process probing to monitor feature dimensions while the part is still on the machine, coupled with final CMM
inspection and material certifications. For regulated industries, we can provide first article inspection reports (FAIR) and process

capability data upon request.
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| Frequently Asked Questions

What tolerances can you achieve for Materials and Surface Finishes for Precision CNC Machined Components?
Materials and Surface Finishes for Precision CNC Machined Components is held to tight, repeatable tolerances; exact figures

depend on the alloy, geometry and feature size. Share your drawing and we will confirm the achievable values.

Can Materials and Surface Finishes for Precision CNC Machined Components be customised to my drawing?
Yes. Materials and Surface Finishes for Precision CNC Machined Components is made to order from your CAD/artwork, so

dimensions, features, material and finish are all tailored to your specification.

What is the typical lead time and MOQ for Materials and Surface Finishes for Precision CNC Machined Components?
Materials and Surface Finishes for Precision CNC Machined Components can be prototyped quickly and scaled to volume. Send your

drawing and quantity and we will advise lead time and minimum order.

Which industries use Materials and Surface Finishes for Precision CNC Machined Components?
Materials and Surface Finishes for Precision CNC Machined Components is used across aerospace, medical, automotive, electronics,

semiconductor and general industrial sectors wherever precise metal parts are required.
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