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Quality Control for 5-Axis CNC Machining of Complex
Metal Parts

Key Takeaways

36-cnc-precision-machining

e Our 5-axis CNC machining service systematically validates every part through multi-stage inspections, from incoming material

to final documentation.

We apply ISO 9001 and AS9100-aligned quality management, plus SPC and machine probing, to catch deviations early.
e Typical tolerances of £0.005 mm and surface finishes down to Ra 0.4 um are verified on CMMs and profilometers.

e Full material traceability and documentation packages (FAI, PPAP, Certs) ensure compliance with aerospace, medical, and

industrial standards.

e Single-setup 5-axis machining minimizes error stack-up, and our flexible MOQ from prototype to medium-volume supports both

new designs and production runs.

Quality Commitment from the First Cut

15-cnc-4-axis-machining

A 5-axis CNC mill hums as it tilts and rotates a forged aluminum workpiece, executing simultaneous cuts on five faces. An
embedded touch probe pauses the cycle to verify critical datum points before the rougher changes paths. This operation is not just
about speed — it’s the first line of quality control in producing complex metal parts for aerospace, medical, and industrial

applications.
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» Watch video: https://www.youtube.com/watch?v=Susm5sOhpio

Our 5-axis CNC machining services place quality assurance at the core of every project. From the moment raw material arrives until
finished parts are packaged, rigorous inspection protocols safeguard dimensional accuracy, material integrity, and process stability.
This page outlines the key stages of our quality control system, demonstrating how we deliver precision components that

consistently meet design intent.

Quality Management System and Applicable Standards

Our quality management system is structured around ISO 9001 principles, ensuring systematic process control and continuous
improvement. For customers in regulated sectors, we apply the additional rigor of standards like IATF 16949 (automotive) and
AS9100 (aerospace) when project requirements specify. These frameworks drive our documentation discipline, risk-based thinking,

and corrective action processes, creating a foundation of trust for your most demanding 5-axis machined parts.

Incoming Material Inspection

Quality begins with the material. Every incoming bar, billet, forging, or casting is accompanied by material certificates (mill certs)
that we verify against the purchase order and material specification. Our inspection includes visual checks for surface defects,
dimensional checks on raw stock, and where required, positive material identification (PMI) using handheld XRF analyzers or optical
emission spectrometers. This step blocks non-conforming material from entering production and ensures full traceability from melt

to machining.
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| In-Process Inspection and Controls

With 5-axis machining, a single setup often performs multiple operations, making in-process verification critical. We employ a

combination of automated and manual methods:

« In-machine probing: High-precision touch probes cycle between operations to measure bore positions, critical surfaces, and

reference datums, updating tool offsets in real time.

o Statistical Process Control (SPC): For production runs, key characteristics are charted to detect trends before they lead to

out-of-spec parts.

e Operator gauging: Skilled machinists use calibrated mics, bore gauges, and go/no-go fixtures to check features during

unattended cycles.

These layers of control catch deviations early, reducing scrap and ensuring that the final part meets its GD&T callouts.

Final Inspection and Metrology

Once machining is complete, parts undergo a comprehensive final inspection tailored to their complexity and tolerance

requirements. Our climate-controlled metrology lab houses:

Coordinate Measuring Machines (CMM): Bridge-type CMMs execute programmed routines to verify linear dimensions,
angular relationships, and complex surface profiles directly from 3D CAD models. For 5-axis parts with compound angles and

blended contours, this is the definitive verification tool.

o Optical and vision systems: Automated optical comparators and multi-sensor vision machines measure 2D profiles, edge

conditions, and features too small or delicate for contact probing.

o Surface roughness testers: Profilometers quantify Ra, Rz, and other parameters to confirm the surface finish meets callouts,

often critical for sealing or bearing surfaces.

« Height gauges and hand metrology: Digital height gauges with air bearings perform rapid checks on flatness, parallelism,

and step dimensions, complemented by micrometers, bore gauges, and indicator stands for basic elements.

All inspection is performed to ASME Y14.5, with results compared directly to the print. For first-off samples, we perform a full First

Article Inspection (FAI) in accordance with AS9102, meticulously ballooning drawings and recording every dimension on Form 3.

Documentation, Traceability and Third-Party Inspection Support

The back end of our quality system is information management. With every shipment, you can expect:

Dimensional inspection reports (either as-specified or full layout)

Material certifications with heat/lot number traceability directly to the originating mill

FAIl packages (Forms 1, 2, 3 per AS9102) for first articles or NPI

Production Part Approval Process (PPAP) documentation at Levels 1 through 5, including capability studies and control plans

when requested

Certificates of Conformance (C of C) and any special process certifications (heat treat, plating, etc.) from approved

subcontractors
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We also welcome on-site source inspection and coordination with third-party inspectors. Your documentation package is organized

and archived for long-term access, demonstrating due diligence for auditors and regulators.

Request Inspection and QC Documentation

Reviewing a typical inspection package or discussing your specific quality requirements is the best next step. Contact our
engineering team to request sample reports, or let us understand your tolerance stack-ups and critical characteristics so we can

propose the right level of QC for your 5-axis machined components.

How Our Quality Control System Safeguards Your Complex 5-Axis Machined
Parts

Our multi-layer quality control system integrates ISO 9001-certified processes, advanced metrology equipment, and full digital
traceability to ensure every complex 5-axis machined metal part fulfills stringent industry requirements. From material certificates

to final dimensional reports, each production step is verified against your specifications before shipment.

Key Facts About Our 5-Axis CNC Machining Quality

e Systematic quality management aligned with ISO 9001, IATF 16949, and AS9100 principles.

¢ 100% incoming material verification against mill certificates for alloy grades like 316 stainless steel, 7075 aluminum, and Grade

5 titanium.
e In-machine probing and SPC-driven in-process inspection detect deviations before they propagate.
e Final inspection on CMMs, vision systems, and surface roughness testers validates GD&T callouts per ASME Y14.5.
o Complete Part 3.2 material certificates, FAI per AS9102, and PPAP Level 3 documentation packages available.

o Digital archives support full traceability from raw material to shipping, assisting regulatory audits.

5-Axis Machining Capabilities That Simplify Quality Assurance

Our simultaneous 5-axis CNC machining centers handle intricate geometries in a single setup, reducing cumulative error and

simplifying your quality oversight. The following attributes demonstrate our commitment to precision and repeatability:

e Process: Full 5-axis simultaneous milling and turning, including 3+2 positioning for complex contours, undercuts, and angled

features.

o Materials: Aerospace-grade aluminum (6061, 7075), stainless steel (304, 316), titanium (Grade 2, Grade 5), Inconel (718, 625),
tool steels, and exotic alloys such as Monel and Hastelloy.

e Tolerances: Linear dimensions typically held within 0.005 mm; profile tolerances per GD&T down to 0.010 mm for critical
features. Tighter tolerances achievable for dedicated projects.

e Surface Finish: As-machined finish usually Ra 0.8 um; post-processing such as polishing or grinding can deliver Ra 0.4 pm or

better.

o Part Size Envelope: Capable of handling workpieces up to 800 mm diameter and 600 mm height, depending on specific

machine model and material. Larger sizes accommodated through strategic fixturing.
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¢ MOQ & Lead Time: Prototype to medium-volume orders accepted. Standard lead times of 3-5 weeks for complex parts, with

expedited options available. Discuss your project for a tailored timeline.

By combining single-setup CNC 5 Axis Machining with rigorous in-process checks, we minimize the need for subsequent inspections

and rework. For materials such as CNC 5 Axis Machining Aluminum, the process is particularly effective in maintaining consistent

wall thickness and surface finish across large structural components.

Summary of Our Quality Control System

Quality Stage

Quality Management

System

Incoming Material

Inspection

In-Process Inspection

Final Inspection &

Metrology

Documentation &

Traceability

Overview of quality stages for 5-axis machined metal parts

Key Activities

Process design, document control, internal audits

Mill certificate verification, spectrometer verification,

hardness testing

SPC, in-machine probing, operator gauging, first-piece

inspection

CMM dimensional verification, GD&T analysis, surface

roughness, visual inspection

FAI (AS9102), PPAP, dimensional reports, material certs,

certs of conformance

Standards & Equipment

1ISO 9001, IATF 16949, AS9100 frameworks

ASTM, AMS, customer-specified material standards

Renishaw probes, digital calipers, micrometers, air

gauges

Coordinate Measuring Machines, vision systems,

profilometers, ASME Y14.5

Net-Inspect, digital archive system, third-party

source inspection coordination

To learn more about how our quality control system can support your next complex metal part project, contact our team. Request a

quote or upload your CAD files and drawings, and we will promptly provide a detailed quality plan and lead time estimate.

Frequently Asked Questions

What quality standards apply to 5-axis CNC machining of complex metal parts?

Our quality system is built around 1SO 9001, IATF 16949, and AS9100 principles. We perform first article inspections per AS9102

and can deliver PPAP documentation at various levels. All inspections follow GD&T standards per ASME Y14.5.

How do you ensure tight tolerances on 5-axis machined parts?

We use simultaneous 5-axis machining to reduce setups, combined with in-machine probing and SPC monitoring. Final verification

is conducted on CMMs and optical scanners to validate that all dimensions stay within specified tolerances, often as tight as +£0.005

mm.

What materials can you machine with 5-axis CNC for high-precision applications?

We work with a wide range of metals including aluminum alloys (6061, 7075), stainless steels (304, 316), titanium (Grade 2, 5),

Inconel, Monel, and tool steels. Each material is traceable from receipt to final part, verified against mill certificates.

Can | receive a full inspection report with my order?
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Yes. Standard delivery includes dimensional inspection reports and certificates of conformance. On request, we supply

comprehensive First Article Inspection (FAI) reports per AS9102 or PPAP documentation with capability studies.

What is the typical lead time for 5-axis CNC machining of complex parts?
Lead times depend on part complexity and order volume. Generally, complex parts require 3-5 weeks, but we offer expediting

services for time-sensitive projects. We can provide a precise schedule after reviewing your CAD files.

Frequently Asked Questions

What is the typical lead time and MOQ for Quality Control for 5-Axis CNC Machining of Complex Metal Parts?
Quality Control for 5-Axis CNC Machining of Complex Metal Parts 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 Quality Control for 5-Axis CNC Machining of Complex Metal Parts?
Quality Control for 5-Axis CNC Machining of Complex Metal Parts is used across aerospace, medical, automotive, electronics,

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

What is Quality Control for 5-Axis CNC Machining of Complex Metal Parts and how is it produced?
Quality Control for 5-Axis CNC Machining of Complex Metal Parts is a precision metal manufacturing process. VT machining
produces it to your CAD/drawing using CNC-controlled equipment, with the method and parameters selected from your material

and tolerance spec.
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