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START HERE

Make every thread requirement buildable

A practical design, drawing, process and inspection guide for CNC threaded features.

A thread callout is an interface requirement. It must make the mating screw, stud, plug, fitting or insert assemble
in the intended condition and carry the intended function. A good callout names the controlled thread system
and size, but it also makes the feature extent, final state, mating facts, process constraints and verification
decision visible. “Tap M6” is not an engineering requirement.

Choose a thread system and define the interface 03
Write a callout that survives machining and inspection 06
Select a thread-making route with the material and geometry 13
Plan gauging, measurement and conformity decisions 19
Prevent and diagnose common threaded-feature failures 26
Worked TM-18 threaded-enclosure case 30
Three fillable planning worksheets 35
Primary sources and applicability notes 38

Use this as a method, not a thread-table substitute

TM-18, all limits, drawings, dimensions, calculations and worksheets are fictional teaching material. They are
not Vetcnc production records, a universal thread-engagement rule, a torque recommendation or a specification
for your part. Use the complete applicable standard, released drawing, fastener data, load case, material,
coating, assembly method and qualified product authority for a live decision.

WHAT THIS GUIDE DOES NOT DO

It does not reproduce licensed thread profiles, tolerance tables or gauge methods; choose a class; establish
fastener strength; set torque; approve a deviation; or authorize release. Safety-critical, pressure-containing,
regulated and high-consequence applications need their applicable engineering, quality and regulatory
process.
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01 /INTERFACE DEFINITION

Start with the mating function

Thread geometry is only one part of an assembled joint, an adjustment mechanism or a sealing system.

MATE > FUNCTION > STATE > EVIDENCE

Approved hardware Clamp / carry / move Finish / service Method / decision

The thread requirement must protect a known interface function, not a generic label.

State what the interface must do in ordinary language before selecting a designation. A cover screw may
provide clamp load only. A stud may carry tension. A threaded fitting may locate, seal or transmit fluid
depending on a distinct sealing design. A lead screw may translate motion. These are not interchangeable
requirements even if their thread angles appear similar.

Function question Requirement consequence Evidence to request

What mates with the thread? System, size, pitch/series, class, length Released mating drawing, approved
and actual mating component must be hardware and assembly sequence.
identified.

What loads or motions matter? Tension, shear, vibration, repeated Load case, cycles, environment and
service, adjustment, sealing or failure consequence.
retention can drive different design
work.

What is the final condition? Coating, lubrication, locking Final-state and assembly requirements.

compound, insert, cleanliness and
temperature can change behavior.

How will it be judged? Feature extent, gage/method, record, Inspection plan and contractual
decision rule and authority are part of acceptance requirements.
the plan.

DO NOT ASK A DESIGNATION TO ANSWER A MISSING QUESTION

“M6” says far less than “what must mate, how far, after which process, under what condition and how the
acceptance decision is made.”
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02 / WORKED CASE

Work the TM-18 case without turning it
into a rule

A fictional instrument-enclosure cover illustrates a thread feature from drawing to evidence.

TM-18 / ENCLOSURE COVER

6061-T6 aluminum body
O 4 x M6 x1-6H
O 10 MIN complete thread
13 MAX drill depth

Explanatory schematic, not a drawing.

TM-18 is a fictional 6061-T6 aluminum instrument enclosure for non-safety-critical indoor equipment. Four
customer-approved M6 x 1 fasteners retain a removable cover. The teaching drawing calls for 4 x M6 x 1 - 6H,
10 mm MIN COMPLETE THREAD, 13 mm MAX DRILL DEPTH, after the agreed machining sequence. The
cover, fasteners, load, torque, coating and customer acceptance criteria are controlled elsewhere in a live
product. The numbers here are original only.

Case element Why it matters

Internal thread System, size, pitch, class and complete-thread length need a controlled designation.
Blind-hole envelope Minimum full thread is not the same feature as maximum drill depth or tap travel.
Aluminum substrate Thread route, material condition, insert decision and service removal assumptions

may change the interface.

Four-hole pattern Fastener thread requirements do not locate the cover alone; the mating datum and
clearance strategy also matter.

Acceptance The drawing, approved gaging/method and decision rule decide a live result.
The example deliberately separates four subjects that are often collapsed into one note: thread designation,

functional engagement, blind-hole geometry and assembly performance. That separation prevents a generic
“tap depth” instruction from becoming the only definition of a critical interface.
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03/ SYSTEM SELECTION

Select the thread family before
calculating anything

Metric, Unified, pipe, trapezoidal and other thread forms are different specification systems with different
intended functions.

METRIC > UNIFIED > PIPE > MOTION

Fastening system Inch system Sealing design Lead / travel

Choose the governed system from the mating function. A near nominal size is not a conversion.

Start with the mating requirement. ISO general purpose metric threads, Unified Inch threads and pipe-thread
systems have different profiles, designations and limits. A drawing should not convert one system to another by
a nominal diameter approximation. Likewise, a sealing function should not be presumed from a mechanical
fastening thread unless the actual product design defines how the seal is achieved.

Thread-family decision Question to resolve

Metric fastening thread Which ISO/contractual system, size, pitch, class, engagement and mating state
apply?

Unified Inch thread Which UN/UNR/UNJ form, series, class, size/TPI and required ASME basis apply?

Pipe or fitting thread Is the thread itself part of the pressure seal, or does a face, gasket or o-ring create the

seal? Which applicable standard controls?

Motion thread Does the feature transmit motion rather than fasten? Lead, backlash, wear and
lubrication may dominate.

ISO and ASME thread standards establish systems, forms, designations and limits within stated scopes. They
cannot determine an unstated joint function. Keep the governing standard and edition visible in controlled
requirements; do not mix designation elements from unrelated systems.

Sources: [01] ISO | [02] ISO | [07] ASME | [08] ASME
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04 / CALLOUT ANATOMY

Read a thread callout as a complete
instruction

A compact note can contain several separate engineering decisions.

4xM6x1-6H|10 mm MIN COMPLETE THREAD | 13 mm MAX DRILL DEPTH

QTY THREAD CLASS EXTENT ENVELOPE
4x M6 x 1 6H 10 MIN 13 MAX

Teaching callout only. A live requirement also needs system, location, final state and verification context.

For the TM-18 teaching callout, “M6 x 1” indicates a metric thread designation with nominal diameter and pitch;
“6H” identifies a stated internal-thread tolerance class in the chosen system; “10 mm MIN COMPLETE
THREAD?” defines functional thread extent; and “13 mm MAX DRILL DEPTH” bounds the blind-hole envelope.
A live drawing still needs the governing system, units, quantity, location, finish state, edge condition and any
relevant note or standard reference.

Callout element Question it should answer

Thread system and What profile/series, nominal size and pitch or TPI apply?

designation

Tolerance/class Which controlled standard, position/class and mating condition govern?
Quantity and location How many features, on which pattern, relative to what datums or coordinates?
Extent and end condition Through or blind; minimum complete thread; depth limit; relief; entry and edge

requirement.

Final state and verification Before/after coating, allowed method/gage, report or acceptance-rule reference.

THE PICTURE IS NOT THE REQUIREMENT

A CAD rendering or cosmetic annotation may not identify complete-thread extent, final condition or inspection
logic. Put controlled information where the maker and inspector will receive the same revision.

Sources: [05] ISO | [06] ISO
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06 / DRAWING CONVENTIONS

Draw the feature so the route can make it

An internal thread must be located, bounded and communicated in a form that survives drawing, CAM, setup
and inspection.

LOCATION > CALLOUT > ACCESS > STATE

datum / coordinate designation + extent entry / bottom final condition

The same controlled package must reach design, programming, setup, inspection and reporting.

A thread feature belongs in a controlled coordinate or datum scheme. Identify the feature center or axis, surface
of entry, threaded direction, quantity/pattern, full-thread extent, blind-hole bottom/relief condition and any
access limitation. Add the material and final process state at the part level or in a controlled note. Keep
incomplete or overlapping dimensions out of the release package.

Drawing review Practical check

Location Can the machinist and inspector identify the thread axis from functional datums or
dimensions?

End condition Is the feature through, blind or interrupted, and is the blind envelope differentiated
from full threads?

Access Can the intended tool enter squarely, reach the depth and clear adjacent
walls/features?

Callout consistency Do model, drawing, note, RFQ and inspection plan identify the same thread revision
and final state?

Exceptions Are masks, inserts, coating restrictions, protective plugs or no-thread zones
controlled?

ISO drawing standards distinguish general conventions from simplified representation. They are valuable for
communication, but they do not replace the product-specific function, dimensions and inspection plan that a live
threaded feature requires.

Sources: [05] ISO | [06] ISO
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07 / BLIND-HOLE LOGIC

Separate complete thread from drilled
depth

The thread that can do work is not measured by the deepest point reached by a drill or tap.

AXIAL FEATURE ZONES

|

—— Entry / incomplete threads
2 Complete-thread region

— End / relief / chip space

— Drill point or bottom envelope
—

\

\VVVVVV/

Process geometry must fit the controlled part
requirement.

For a blind thread, there can be an entry chamfer, incomplete threads at the start, a region of complete threads,
incomplete threads near the tool end, chip or relief space, and a drill-point or bottom geometry. A drawing that
states only a blind-hole depth may leave the functional threaded length uncertain. Conversely, a drawing that
states only full-thread length may leave the route without a bounded blind-hole envelope.

Requirement term What it controls

Minimum complete thread The axial portion intended to provide fully formed mating threads under the
specified definition.

Maximum drill depth The permitted drilled envelope; it is not automatically full usable engagement.

Tap travel or program Z A process parameter that may not represent the delivered feature without controlled
translation.

Thread relief / bottom condition Tool exit and chip-space geometry; define only where required by the actual design.

DO NOT USE A TAP CATALOG TRAVEL VALUE AS A DRAWING REQUIREMENT

The tool, material, form, finish and route change what incomplete-thread length and bottom geometry look like.
The released drawing must describe the required part, not an unverified machine motion.
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08 / AXIAL STACK

THREAD DESIGN, CALLOUTS & INSPECTION

Build the blind-hole stack from named

allowances

A transparent equation makes the assumptions reviewable before material is cut.

COMPLETE THREAD

required function

INCOMPLETE / END BOTTOM / DRILL CLEANOUT

tool geometry envelope route control

Required blind-hole envelope is built from named geometry and process allowances, not guessed tap travel.

A useful planning model is: required drilled envelope >= required complete-thread length + incomplete-thread
allowance at the entry/end + drill-point or bottom/relief allowance + controlled process/cleanout allowance. Each
term belongs to a real geometry or process condition. The model is not a universal formula and does not assign
numerical values; the applicable part design and route must do that.

TM-18 teaching term How to document it

Complete thread
Blind-hole envelope

Unspecified allowances

Final decision

10 mm MIN COMPLETE THREAD on the fictional drawing.
13 mm MAX DRILL DEPTH on the fictional drawing.

Do not invent them from the 3 mm difference; resolve tool/process geometry before
release.

Drawing owner defines the part requirement; manufacturing verifies a capable route
and inspection method.

This approach keeps functional intent separate from the machining plan. It also makes it easier to review a tool
change: if the end geometry changes, the team can see which documented term requires reassessment rather
than silently preserving an old program depth.
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09/ PITCH AND SERIES

Choose pitch for the actual interface

Fine and coarse are descriptions, not universal rankings.

Pitch or threads per inch influences the geometry, available thread depth, assembly behavior, tolerance context
and manufacturing route. A smaller pitch may be chosen for a particular envelope or adjustment need; a larger
pitch may support a different material, coating, contamination or service condition. No single choice is “better”
without the approved mating component, load, wall thickness, material, process and service context.

Pitch-selection prompt Why it matters

What mating hardware is The designated screw/stud and its standard/class are interface inputs.
approved?

What wall and edge geometry is Thread root, adjacent features and blind bottom may limit a route.
available?

What service and assembly Vibration, corrosion, repeated removal, locking treatment and access can change the
condition applies? design problem.

What manufacturing/inspection Tool availability, chip behavior, coating and gaging must match the selected

route is planned? designation.

AVOID SIZE-ONLY SUBSTITUTIONS

A change in pitch or thread series can change the mating interface even when nominal diameter remains the
same. Treat it as a controlled engineering change.
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10 / CLASS AND LIMITS

Treat tolerance class as a mating-system
decision

A class describes limits in a defined thread system; it is not a quality adjective added after the design is
complete.

SYSTEM SIZE + PITCH CLASS STATE

ISO / ASME mating geometry limits in system coating / method

A class is part of a complete controlled mating-system decision.

For a live specification, identify the system, basic size, pitch, internal or external feature, class/position,
applicable edition, mating counterpart and any coating/final-state condition. ISO 965-1:2026 describes
principles and basic data for general purpose metric-thread tolerances; ISO 965-2:2024 states scope for listed
limits. The complete standard and drawing govern exact interpretation.

Risky shortcut Why it fails

“Use the tightest class” A tighter class may add cost or process risk without improving the stated function.

“6H/6g always mates” Mating state, size range, coating, standard scope and actual assembly requirements
still matter.

“Copy class from a nearby Pitch, material, feature type, coating and function may be different.

drawing”

“Class is the inspection plan” Gage type, method, setup, decision rule and record remain separate planning items.

DO NOT REPRODUCE A THREAD TABLE FROM AN UNCONTROLLED SOURCE

Use licensed/authorized current standards and the project baseline. This guide deliberately contains no
class-limit tables.

Sources: [02] ISO | [03] ISO
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11/ EXTERNAL FEATURES

Design external threads as an interface
too

Turned, thread-milled or otherwise produced external threads must still be bounded by a controlled mating
requirement.

An external thread needs a complete system/designation, feature length, runout or relief conditions when
relevant, entry and end state, surface/coating state, material condition and inspection plan. The shoulder,
undercut or runout may affect whether the mating nut or component seats. Do not assume a visually complete
thread reaches the functional engagement plane.

External-thread review Question

Shoulder and runout Can the mating component reach its intended seating face without bottoming on
incomplete threads?

Lead-in and damage Is there a controlled entry condition that supports assembly without making an
unintended chamfer requirement?

Finish state Will plating, coating, polishing or masking change the final interface or inspection
condition?

Concentricity/axis relationship Which functional surface locates the thread and how is that relationship verified if it
matters?

For a thread on a turned shaft, an external-thread gage result does not necessarily prove the location or
orientation of that thread relative to other functional surfaces. Keep size/form acceptance separate from
datum-based geometry where the product needs both.
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12 / ROUTE SELECTION

Select internal-thread production from
the part, not habit

Tapping, thread milling, form tapping and inserts have different access, material, chip and inspection
implications.

CUT TAP THREAD MILL FORM TAP > INSERT

cut + chips programmed form material flow new interface

Choose from material, geometry, access, volume, final state and inspection - not habit.

Select a route after reviewing material, hardness/condition, hole geometry, blind/through condition, wall
thickness, access, quantity, machine capability, chip evacuation, thread extent, surface/finish sequence,
tool-break recovery and inspection. A process can be economical and repeatable for one feature while
unsuitable for a blind, deep, interrupted or difficult material condition.

Route question Planning result

Cut tap How will chips evacuate, how is tap break risk controlled and what geometry defines
the usable thread?

Thread mill Is machine interpolation/access suitable, and how are program, tool reach and
entry/exit controlled?

Form tap Does the material and required minor-diameter/process condition support forming
rather than cutting?

Insert Does the substrate/load/service/removal requirement justify an insert and its own
controlled installation route?

DO NOT PRESCRIBE A PROCESS IN A DRAWING UNLESS PRODUCT FUNCTION REQUIRES IT

When the process is constrained, state the reason and approved route. Otherwise distinguish the required part
feature from the supplier’s process choice.
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13/ CUT-TAP ROUTE

Plan cut tapping around chips and
access

A tap is a cutting tool operating inside a feature; blind-hole chip control is part of the route.

CUT-TAP ROUTE

Pilot hole

Axis alignment

Chip path / cleaning

Tool load / break response
Final thread verification

For a cut-tapped blind hole, plan the pilot-hole condition, entry alignment, tap reach, flute/chip behavior, coolant
or lubrication strategy where authorized, torque/load monitoring if used, break-detection response, cleaning and
thread verification. The part must have enough controlled room for the completed threads and the actual bottom
geometry. A tool can enter a hole and still fail to create the specified complete-thread extent.

Route control Why it is visible in planning

Pilot hole Minor-diameter preparation, form and location affect the subsequent thread.

Alignment Angular misalignment can damage threads or change the axis relationship.

Chip evacuation Packed chips can damage a tap, interfere with thread form or remain in a delivered
blind hole.

Broken-tool response Stop, identify affected parts/route and obtain controlled disposition; do not conceal a
recovery.

An inspection result may be good evidence for an individual feature, but it does not replace prevention.
Preserve tool, program, setup and lot information so a questionable thread can be bounded to a population if
needed.
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14 / THREAD MILLING

Use thread milling with a controlled
strategy

Thread milling can provide flexibility, but it introduces its own program, access and verification requirements.

A thread-milling route may be selected for certain feature geometries, materials or access conditions. Define
the actual program version, tool path, interpolation direction, tool reach, entry/exit, blend/relief condition, final
state and in-process/final verification. Do not assume a nominal tool label or a generated CAM operation proves
that the resulting thread meets the required system/class/extent.

Thread-milling review Question

Geometry Can the tool enter, orbit and exit without violating walls, bottom or adjacent features?

Program control Which released program/version and compensation strategy produce the controlled
feature?

Tool condition How are wear, breakage and cutter-radius changes detected before they affect the
thread?

Verification Does the selected gage or measurement assess the required feature after the actual

final process?

A FLEXIBLE PROCESS IS NOT AN UNBOUNDED PROCESS

If a supplier proposes a different thread route, confirm whether it changes the complete-thread region, end
condition, surface state, gaging or customer approval requirement.
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15/ FORMED THREADS

Do not treat form tapping as cut tapping

A formed internal thread has different material-flow, pilot-hole and verification considerations.

Form tapping creates a thread by plastically forming suitable material rather than cutting a chip. The required
pilot-hole condition, material ductility, lubrication, torque response, thread geometry and acceptance method
may differ from cut tapping. The choice must follow the part material/state and the controlled requirement, not a
generic promise of stronger or faster threads.

Form-tap decision prompt Why it matters

Material condition Ductility, hardness, microstructure and heat treatment can change formability.

Pilot-hole basis The preparation needed for a formed feature is not automatically the same as for a
cut thread.

Blind-hole geometry Material displacement and bottom condition must be accommodated in the

controlled route.

Inspection Gage acceptance and diagnostic measurements must be appropriate to the
specified resulting thread.

If a drawing or customer requires a particular process, preserve that requirement. If not, a proposed route
change should be reviewed for final feature, process risk, gaging and contractual implications before
production.
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16 / FINAL STATE

Put material, finish and lubrication in the
interface

Threads do not remain abstract geometry after coatings, sealants, lubrication and service exposure are
introduced.

FINAL THREAD STATE

Coating / masking
Lubrication / locking
Cleaning / protection
Dissimilar material
Inspection sequence

Plating or other coating can change the effective mating condition; lubrication can change assembly behavior;
dissimilar materials can raise corrosion or galling questions; and cleaning or protective compounds can affect a
functional system. ISO 4042 covers specified coating systems for defined fasteners, but a threaded part in a
custom assembly still needs a controlled final-state analysis.

Final-state question Control needed

Which surfaces are coated or Drawing/process note, sequence and required post-process verification.

masked?

What lubricates or locks the Approved material, application state, compatibility, assembly instruction and

thread? authority.

Does service removal matter? Cycles, corrosion, repairability and insert/fastener strategy must be defined.

What is measured when? Before/after finish state, cleaning and protection conditions must match the intended
decision.

AVOID AUTOMATIC COATING COMPENSATION

Do not change a thread class, gage result or machining allowance based on an assumed coating thickness.
Use the applicable controlled system and actual product requirements.

Sources: [13] NASA | [14] ISO
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17 / THREADED INSERTS

Treat inserts as a new joint, not a repair
label

An insert changes the internal interface and adds an installation, retention and inspection problem.

An insert can be a deliberate design choice for wear, serviceability, substrate limitations or another defined
need. It is not automatically a cure for a weak or damaged threaded feature. Review the parent material, insert
type, external and internal thread systems, installation geometry, retention/rotation, flushness, load path, repair
policy, access, service environment and inspection evidence.

Insert review Question

Design intent What failure mode or lifecycle requirement does the insert address?

Installation Which controlled tool, depth/flushness, locking feature and acceptance evidence
apply?

Mating feature What internal thread is delivered after installation, and which

standard/class/method governs it?

Repair/disposition Who may install, remove, replace or accept an insert after a thread failure?

The NASA reference manual discusses inserts among many fastener topics. It is not an approval of a particular
insert choice for TM-18 or your product. Confirm the actual supplier instructions and product authority
requirements.

Sources: [13] NASA
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18 / INSPECTION PLANNING

Create an inspection plan that matches
the callout

Thread inspection has to match the property, system, final condition and conformity decision.

For each threaded feature or family, identify the drawing reference, designation, quantity/pattern, feature extent,
final state, inspection stage, method/gage, fixture or alignment, record, decision rule, coverage/frequency,
owner and reaction plan. A plan that only says “GO/NO-GO” omits the system/class, gage configuration,
complete-thread extent, condition and decision context.

Plan field What to capture

Requirement Controlled drawing revision, designation, class, length/extent and final condition.

Method Gage/measurement type, controlled identifier, setup, access and applicable
procedure.

Record Part/lot ID, characteristic, method/gage status, result, date and exception reference.

Decision Specified acceptance rule, escalation authority and disposition boundary.

A RESULT NEEDS ITS CONTEXT

A green check, a gage serial number or a CMM screenshot without the requirement and method may not
resolve a customer, assembly or change-control question.
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19/ GO-NO GO

THREAD DESIGN, CALLOUTS & INSPECTION

Use limit gages with a controlled purpose

A limit-gage result can support a defined acceptability decision, but it is not a universal diagnostic

measurement.

CLLED GAGE

pree€dure + status

v

DEFINED DECISION

accept / escalate

Use gages for their controlled acceptability purpose; preserve difficult results and method context.

For internal threads, a controlled plug-gage method may be used to assess specified acceptability within its

stated scope. For external threads, an appropriate ring or other controlled method may be used. The gage

system, feature designation, class, calibration/status, use procedure, cleanliness, force/handling and decision
rule must be matched to the applicable product requirement. Do not force, modify or “work” a gage through a

questionable feature.

Gaging question Why it matters

What does the procedure decide?

Which condition is evaluated?

How is a difficult result handled?

What is retained?

Acceptability within the stated system, not every separate geometric or functional

attribute.

Final-state thread, cleaned/protected condition and accessible complete-thread

region.

Stop, preserve the condition, verify method context and escalate through the agreed

authority.

Gage identity/status, part/lot, result, operator/system, date and relevant exception.

ISO 1502 addresses gauges and gauging for ISO general purpose metric threads. It does not eliminate the
need to use the full applicable procedure, system scope and project decision rule.

Sources: [04] ISO
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20/ PITCH DIAMETER AND CMM

Use diagnostic measurement carefully

A diagnostic result can be valuable, but thread measurement is a geometry and uncertainty problem.

PROPERTY > SETUP > MODEL > DECISION

pitch / lead / form fixture / alignment program / evaluation diagnostic or acceptance

Complex equipment still needs a task-specific method and uncertainty context.

When a result needs diagnosis beyond a limit-gage decision, the chosen method must define what thread
property is measured, where along the feature, relative to which reference, under what setup and with what
calculation/evaluation method. NIST notes pitch diameter as a reference datum for screw threads and
discusses the complexity and uncertainty of CMM measurement for internal and external threads.

Diagnostic question Record it

Which property? Pitch diameter, major/minor condition, lead, flank, axis, runout, extent or a controlled
functional relation.

Which data model? Program/version, points/scans, filtering, fitted elements, report convention and units.
Which setup? Fixturing, part condition, alignment/datums, probe/stylus and environmental controls.
Which decision? Diagnostic comparison, controlled acceptance rule or escalation; do not imply one

from the other.

DO NOT CALL A COMPLEX REPORT “MORE ACCURATE” WITHOUT EVIDENCE

A CMM, optical system or software routine is only as useful as its task-specific method and uncertainty context.

Sources: [09] NIST
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21/ METROLOGY

Control the measurement system, not
only calibration

Traceability supports a result; it does not prove every threaded-feature method is fit for purpose.

A reliable thread-inspection setup identifies the part condition, instrument/gage, method revision, fixture or
alignment, operator sequence, cleaning/handling, data record, calibration/status and decision rule. Reassess
the task when a gage, insert, fixture, CMM program, coating, thread route, material state or feature geometry
changes.

Measurement-system element Why it belongs in the plan

Traceability A documented calibration chain and uncertainty information support the stated result.

Repeatability/reproducibility Operators, parts, gages and setups should represent routine use, not only an ideal
demonstration.

Method stability Wear, contamination, software/program changes and environmental variation can

change the decision.

Task fit A gage or CMM can be calibrated and still not assess the property/condition required
by the drawing.

NIST’s measurement-process material distinguishes repeatability, reproducibility, stability and other
contributors. Use the study and acceptance logic required by your organization or customer; this guide does not
set a percentage threshold or certify a measurement system.

Sources: [10] NIST | [11] NIST/SEMATECH
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22 /| DECISION RULE

Agree the conformity decision before
borderline results

The specification, measurement method and uncertainty treatment must be visible before an acceptance
statement is made.

MEASURED RESULT

SPECIFICATION / CONTROLLED REQUIREMENT

EXAMPLE ACCEPTANCE INTERVAL / AGREED RULE

The uncertainty treatment and authority must be known before a borderline result is decided.

A result close to a thread requirement boundary is not self-interpreting when uncertainty is relevant. The
applicable decision rule states how measurement uncertainty is considered when declaring conformance or
nonconformance. Record the controlled requirement, actual result, method/gage, final condition, decision-rule
reference and authority. Do not silently alter an acceptance boundary after a result appears.

Decision question What to make explicit

What is the requirement? Designation, class, feature extent, final condition, drawing revision and applicable
standard/procedure.

What was observed? Part/lot, result, gage/method, setup/condition and raw or retained evidence.

How is uncertainty treated? Contractual/organizational rule, any agreed guard band and scope of the statement.

Who can decide an exception? Named customer/design/quality authority; no implied supplier waiver.

DO NOT FORCE AN ACCEPTANCE RESULT

Repeatedly trying a gage, changing force, retesting without record or substituting a method can destroy
evidence. Preserve the condition and follow the controlled response.

Sources: [12] NIST
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23/ CONTROL PLAN

Use first-off and coverage plans to
prevent escapes

A sample label does not tell a team what is being controlled, when it is checked or what happens after failure.

For a new or changed threaded route, define first-off conditions: released requirement, material/lot, tool and
program, fixture, pilot-hole preparation, thread method, cleaning, final condition, inspection method, report and
release authority. For ongoing production, define the population, frequency/coverage, data, reaction plan and
change triggers. The plan should distinguish setup verification from final acceptance.

Control stage Purpose

First-off Confirms the specified feature/method after a defined setup or change under
authorized release controls.

In-process Detects drift, tool condition, tap break, chip issue or process change before broad
population exposure.

Final Provides required delivered-state evidence and report linkage under the agreed
decision rule.

Functional check Uses the approved mating/component/fixture where the product requires assembly
evidence.

More inspection cannot repair an incomplete callout, unknown mating fastener or unsuitable thread process. It
can only create more records. Build prevention and traceability into the route first.
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24 | PROCESS DATA

Monitor the route without overclaiming
capability

Thread data becomes useful when it is connected to a stable route and a defined response.

SPECIFICATION BOUNDARY /| STRATIVE
W ®

lllustrative trend: investigate a change; do not claim capability from this sketch.

A trend in pilot-hole condition, torque signal, gage difficulty, diagnostic data or rejected features can reveal a
tool, material, fixture, program or cleaning change. Plot data in production sequence, annotate the changes and
investigate special patterns with local process knowledge. Keep specification limits separate from statistical
monitoring limits; they answer different questions.

Observed pattern Disciplined response

Gage effort changes Check method, cleanliness, gage status, thread route, tool condition and part/finish
state.

Thread failures cluster after a Verify program, tool, material, pilot-hole condition, fixture and operator/work

change instruction.

Scatter increases Review measurement stability, tap/cutter wear, workholding, chips, material and

coating sequence.

Small or mixed data set Do not claim process capability; first define a comparable, stable process population.

DO NOT TURN A SMALL DEMONSTRATION INTO A CAPABILITY PROMISE

An illustrative trend or first-off report does not establish a defect rate, ongoing capability or universal release
criterion.
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25/ NONCONFORMING RESULT

React to a thread issue without losing
evidence

A seized gage, failed assembly or suspected tap issue requires controlled containment, not improvisation.

PRESERVE BOUND VERIFY > ESCALATE

part + record population method context authority

A remeasurement or verbal instruction cannot move a limit or authorize product disposition.

When a threaded feature is questionable, preserve the part, gage/method context and original result; identify
the controlled requirement and revision; stop or hold the defined population when required; verify the method
without overwriting history; and escalate to the assigned engineering/quality authority. Do not run a damaged
feature through the same gage until the condition is understood, manually rework without approval or ship
against a verbal waiver.

First response Purpose

Record actual condition Protects traceability of unit, requirement, method, result, tool/setup and time.

Bound the population Connects possible exposure to lot, tool, program, route, change point and release
status.

Verify the method Separates a possible measurement issue from a product decision without erasing
evidence.

Obtain disposition Separates technical assessment, rework authority, customer decision and

commercial communication.

A REMEASUREMENT IS NOT A DISPOSITION

A confirmation method may be necessary. It does not move the limit, erase an original record or approve
use-as-is.
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26 / TROUBLESHOOTING

Diagnose symptoms by separating cause
and escape

A symptom points to questions; it does not prove the first suspected cause.

Observed symptom Possible questions to test

Fastener starts then binds Thread system/pitch mismatch, damaged entry, chips, axis/alignment, coating/final
condition, wrong hardware or tool condition.

GO gage does not enter Requirement/class, gage identity/status, cleanliness, complete-thread region, form/size,
normally pilot hole, route and final state.
Cover seats unevenly Thread features may not locate the cover; review clearance holes, datums, pattern,

fastener length and mating stack.

Tap breaks or torque rises Pilot-hole condition, material, alignment, chip evacuation, lubrication/coolant
authorization, depth geometry, tool wear and program.

Thread strips in service Actual load, engagement, material, insert/design choice, assembly method, cycles,
corrosion and uncontrolled modification.

Test a causal claim against records and controlled evidence. “Operator error” or “bad tap” can describe a
moment, but an effective corrective action also checks whether the specification, work instruction, route,
tool-control or inspection system made the event likely or invisible.
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27 | ASSEMBLY REALITY

Keep torque, clamp and thread
acceptance distinct

A correct thread designation does not by itself set assembly torque, clamp force or joint performance.

Torque can be influenced by thread geometry, material, surface condition, coatings, lubrication, locking
compounds, washer/head contact, tool calibration, speed and joint configuration. Clamp/load behavior also
depends on the entire joint. Do not derive a torque value from a thread nominal size, or treat a successful initial
turn as evidence that a product has the required preload, fatigue life or sealing performance.

Statement to avoid Better engineering question

“It is M6, so torque is known” Which approved fastener, material, finish, lubricant, joint stack and torque-control
method apply?

“The thread gaged good, so the What load, engagement, clamp, lock, fatigue and environment requirements must the

joint is safe” complete assembly meet?

“A longer thread always fixes What is the actual material, wall geometry, failure mode, load path and authorized
stripping” design analysis?

“Threaded fitting means sealed” What sealing interface, pressure requirement, standard and assembly procedure

control the joint?

KEEP THIS GUIDE WITHIN SCOPE

NASA’s fastener manual is a valuable broad reference, but not a torque chart or design approval for TM-18.
Use the responsible product process.

Sources: [13] NASA
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28 / CHANGE CONTROL

Review thread changes as interface
changes

A small change in thread, coating, hardware, gage or route can change the assembled condition.

Define triggers for a new mating fastener, thread-system/pitch/class change, coating/lubricant change,
material/heat-treatment state, insert selection, drill/tap/thread-mill route, tool, program, fixture, gage, inspection
procedure or decision rule. Link each trigger to an assessment, trial/evidence plan and approval route. A
document-control system only works when the current requirement reaches the point of use.

Change Re-review question

New fastener source or Does the actual mating system/range/final condition still match the released thread
designation feature?
New coating/lubricant Does final thread condition, assembly behavior, gaging and product requirement

remain controlled?

New route/tool/program Are complete-thread extent, end condition, inspection method and first-off controls
still adequate?

New gage/CMM program Does the method still represent the required property, setup and uncertainty context?
New drawing revision Which models, programs, inspections, inventory and reports are superseded or need
verification?

Record a no-impact conclusion with the evidence and scope. Do not assume a process is unchanged because
a familiar machine or tool family remains in use.
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29 / WORKED PLAN

Build the TM-18 feature plan

The fictional callout becomes a controlled feature-plan excerpt.

REQUIREMENT > ROUTE > METHOD > DECISION

drawing + extent tool + state gage + setup rule + authority

Plan the full feature decision before first-off production.

For TM-18, the plan records 4 x M6 x 1 - 6H, 10 mm MIN COMPLETE THREAD and 13 mm MAX DRILL
DEPTH as the teaching baseline. It links the requirement to the released drawing, the final machining condition,
selected internal-thread route, controlled gage/method, feature extent, coverage, data record, decision rule and
reaction plan. It does not use the gage result to infer cover location or joint strength.

Plan field TM-18 illustrative entry

Characteristic Internal thread designation plus complete-thread and blind-hole-envelope
requirements.

Method Approved thread-gage/method for the controlled final condition; retain
setup/condition where required.

Record Part/lot ID, feature ID, method/gage status, result, route/tool/program and exception
reference.
Reaction Controlled hold/escalation for an uncertain or nonconforming feature; no

unauthorized rework.

If the product owner changes fastener type, cover design, coating, thread class or installation condition, revise
the interface analysis and controlled plan rather than altering a single cell in an inspection spreadsheet.
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30 / WORKED BLIND HOLE

Read the TM-18 axial stack as a planning
aid

The example makes the difference between a drawing requirement and machine motion visible.

10 mm MIN COMPLETE THREAD

13 mm MAX DRILL DEPTH

The 3 mm difference is not a free or preassigned process allowance.

The fictional drawing requires 10 mm minimum complete thread and 13 mm maximum drill depth. It does not
say that every millimeter of drilled depth is a complete, usable thread, nor does it grant an unstated process
allowance. Before route release, the responsible team must determine whether the actual tool and bottom
geometry can produce the required complete-thread region inside the permitted envelope, with appropriate
cleaning and inspection evidence.

Teaching observation Meaning

13 mm drill depth - 10 mm A geometric difference exists, but it must not be assigned to specific tool/bottom
complete threads = 3 mm allowances without route evidence.

Atap reaches Z=12.5 mm This is a process record, not proof that 10 mm of complete threads were delivered.

A plug gage passes This supports a defined acceptability decision within the procedure scope; it does not

prove bottom geometry or joint load.

Customer changes fastener Reuvisit the full joint, engagement and bottoming risks through the product authority.
length

KEEP FUNCTIONAL EXTENT AND PROCESS PROOF TOGETHER

A clear drawing plus a suitable route, method and record is stronger than a deep blind hole with an assumed
thread length.
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31/ HANDOFF

Close the TM-18 case with the right
boundaries

The delivery evidence should say what was made and inspected, not what cannot be concluded from the
records.

A defined TM-18 handoff can include drawing/model revision, material/final-state records as required, part/lot
identity, inspection report characteristic linkage, gage/method and final-condition references, approved
deviation records where applicable and packing/protection requirements. The exact content follows contract
and product requirements. The report should not imply a torque, strength, safety or sealing certification that the
evidence does not establish.

Recipient question Evidence package element

What was delivered? Part/lot identity, revision, material/finish state and required certificates.

Which thread requirement was Characteristic linkage, method/gage, result, feature extent/final condition and
checked? required coverage.

How was acceptance decided? Controlled requirement, decision-rule reference when required and authorized

exception records.

What changed or remains open? Change/deviation reference, limits of evidence, owner and next action.

AVOID MARKETING CLAIMS IN QUALITY EVIDENCE

A successful gage report or downloadable guide is not a product certification, universal engagement guarantee
or independent design approval.
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32/ PRACTICAL CHECKLIST

Use the pre-release checklist before
threading parts

A short, complete review avoids many expensive thread questions later.

Check Question to close

Interface Are mating hardware, function, load/service condition and final state known or formally
open?
Designation Are system, size, pitch/TPI, class, quantity, extent and standard basis complete and

consistent?

Geometry Are location, access, wall/bottom/relief, entry and through/blind conditions
manufacturable?

Route Is the chosen method appropriate to material, chip/geometry, tool access, final state and
recovery controls?

Inspection Does each feature have a defined method, gage/setup, record, decision rule, coverage
and reaction plan?

Change control Are fastener, coating, route, tool, program, gage and revision triggers visible?
Authority Are drawing, technical change, exception and product-release decisions assigned
correctly?

If an answer is unknown, record an open action with an owner and due date. The value of the checklist is not a
perfect score; it is preventing a silent assumption about the mating thread from becoming a manufactured part.
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33/ SUMMARY

Keep the planning pack usable

The following three worksheets make the interface, route and inspection decisions visible.

G e ©

Interface + callout Route + inspection Change + decision

Use the worksheets to make assumptions visible before they become machined threads.

Use Appendix A before drawing release or RFQ to define the thread interface and callout. Use Appendix B to
create a feature-level route and inspection plan before first-off. Use Appendix C whenever hardware, material,
coating, route, gage, program or decision logic changes. Attach controlled drawings, standards, reports and
approvals by reference; do not force detailed evidence into a small form field.

Worksheet Best time to use it

A. Thread interface and callout plan Before selecting a designation, stating complete-thread extent or releasing a
threaded drawing.

B. Thread route and inspection plan Before first-off, setup release, periodic control or customer-required reporting.

C. Thread change and decision review Before a change to hardware, coating, process, tool, gage, program or
acceptance logic.

The worksheets do not calculate thread limits, determine torque, select a class, sign approvals, transmit data or

override controlled documents. The live engineering authority remains responsible for the actual product
requirement and decision.
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APPENDIX A / REUSABLE WORKSHEET

Your thread interface and callout plan

Define the mating function and final state before selecting a thread designation or depth note.

Part / revision / interface function Mating hardware / system / final state

Load / motion / service environment Failure modes / unacceptable behavior

Thread designation / quantity / location Complete thread / through-blind / end condition
Material / finish / lubrication / insert Drawing authority / evidence / open decisions

Governing standard edition, linked drawing records and unresolved engineering questions

|:| The mating hardware and final state are identified or explicitly open.

|:| No generic engagement, torque or class rule has been treated as a release decision.

Save and reopen in a form-capable PDF reader. Fields do not calculate a thread, select a class, authorize a product decision, sign
an approval or transmit data. Attach detailed records separately.
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APPENDIX B / REUSABLE WORKSHEET

Your thread route and inspection plan

Use one worksheet for a critical threaded feature or controlled family. Attach detailed records by reference.

Part / revision / characteristic ID Designation / extent / delivered state
Material / pilot hole / route Tool / program / fixture / gage ID

Method / setup / cleanliness condition Coverage / data / decision-rule reference
Reaction plan / population boundary Owner / method revision / review date

Measurement-system evidence, gage status, uncertainty context, exceptions and attachment index

|:| The method evaluates the stated final thread condition within its controlled scope.

|:| Borderline, nonconforming and change decisions have an assigned authority.

Save and reopen in a form-capable PDF reader. Fields do not calculate a thread, select a class, authorize a product decision, sign
an approval or transmit data. Attach detailed records separately.
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APPENDIX C / REUSABLE WORKSHEET

Your thread change and decision review

Use before changing mating hardware, coating, route, tool, gage, program, insert or acceptance logic.

Part family / revision / change ID Change description / effective date
Affected thread / interface / function Hardware / coating / final-state impact
Requirement / method / route impact Evidence / trial / first-off review plan
Population / records / customer impacted Decision authority / status / next action

Residual risks, linked approvals, disposition limits and follow-up verification

|:| The change is evaluated against the actual mating interface, not only nominal size.

|:| No production, release or customer claim is authorized by this worksheet alone.

Save and reopen in a form-capable PDF reader. Fields do not calculate a thread, select a class, authorize a product decision, sign
an approval or transmit data. Attach detailed records separately.
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REFERENCE REGISTER /1

Primary sources and their scope

Public sources checked 22 September 2026. Linked titles open the source; case facts, drawings, calculations
and worksheets are original.

[01] ISO
ISO 68-1:2023 - Basic and design profiles for metric screw threads

Official scope: ISO 68-1:2023 specifies basic and design profiles for ISO general purpose metric screw threads (M). The
profile is not reproduced in this guide; use the licensed, applicable edition for a live product.

[02] ISO
ISO 965-1:2026 - General purpose metric screw-thread tolerances, principles and basic data

Official scope: ISO 965-1:2026 specifies a tolerance system for ISO general purpose metric screw threads conforming to ISO
261 and ISO 68-1. It superseded the 2013 edition. This guide does not select a class or reproduce its tables.

[03] ISO
ISO 965-2:2024 - Limits of sizes for selected internal and external metric threads

Official scope: ISO 965-2:2024 specifies limits of sizes for pitch and crest diameters for stated metric ranges and classes.
Verify basic size, mating condition and the complete applicable standard before using a designation.

[04] ISO
ISO 1502:1996 - General-purpose metric screw threads, gauges and gauging

Official scope: ISO 1502 gives details for manufacture and use of gauges for checking ISO general purpose metric screw
threads. ISO reports it was confirmed in 2021. The full controlled method governs a live gauging decision.

[05] ISO
ISO 6410-1:1993 - Technical drawings: screw threads and threaded parts, general conventions

ISO catalogue entry for drawing conventions for screw threads and threaded parts. This guide provides original schematic
callouts, not a replacement for controlled drawing conventions.

[06] ISO
ISO 6410-3:2021 - Simplified representation of threaded parts

Official scope: ISO 6410-3:2021 establishes rules for simplified representation of threaded parts other than inserts. ISO
reports the publication was confirmed in 2026.

[07] ASME
ASME B1.1-2024 - Unified Inch Screw Threads (UN, UNR and UNJ forms)

ASME states B1.1 specifies form, series, class, allowance, tolerance and designation for Unified Inch screw threads. Use the
purchased/current applicable standard, not a comparison made from memory.

Catalogue records establish public scope and edition context, not access to licensed clauses or permission to reproduce
profiles, tables or gauging details. Apply the full agreed standard and product requirements. The TM-18 case is not a
validated design, an accredited test or independent technical approval.
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REFERENCE REGISTER/ 2

Primary sources and their scope

Public sources checked 22 September 2026. Linked titles open the source; case facts, drawings, calculations
and worksheets are original.

[08] ASME
ASME B1.13M - Metric Screw Threads: M Profile

ASME describes B1.13M as general metric standards for a 60-degree symmetric screw thread with basic ISO 68-1 M profile.
The stated edition is placed on stabilized maintenance; confirm the required standard in a contract.

[09] NIST
Pitch Diameter Measurement of Threaded Gages Using a CMM

NIST notes the pitch-diameter cylinder as a reference datum for screw threads and discusses complexities and uncertainty in
CMM measurement of external and internal threads.

[10] NIST
Metrological Traceability: Frequently Asked Questions and NIST policy

NIST explains traceability as a property of a measurement result supported by an unbroken documented calibration chain with
stated uncertainty. A calibration label alone does not prove a task is fit for purpose.

[11] NIST/SEMATECH
Engineering Statistics Handbook: Measurement Process Characterization

NIST overview of repeatability, reproducibility, stability, calibration and uncertainty. A measurement study should represent the
actual parts, people, setup and decision.

[12] NIST
Decision Rule

NIST glossary: a decision rule states how measurement uncertainty is accounted for when declaring conformity to a specified
requirement. Agree the applicable rule before a borderline result is decided.

[13] NASA
Fastener Design Manual, NASA RP-1228

NASA reference manual covers material selection, platings, lubricants, corrosion, locking methods, inserts, thread
types/classes, fatigue and torque. It is broad reference material, not a release instruction for the fictional case in this guide.

[14]1SO
ISO 4042:2022 - Fasteners: electroplated coating systems

Official scope: ISO 4042 specifies requirements for steel fasteners with electroplated coatings and includes dimensional
requirements related to ISO metric threads. Coating decisions remain system- and product-specific.

Sources support the principles identified in this guide; they do not endorse Vetcnc or validate the fictional case. Recheck
source status, contractual decision rule, laboratory/gage scope, regulatory requirements and product responsibilities
before a live release. No certification or independent professional approval is implied.

vetcnc / Engineering resources 10 V1.0 - SEPTEMBER 2026 39/40


https://www.asme.org/codes-standards/find-codes-standards/b1-13m-metric-screw-threads-m-profile
https://www.nist.gov/publications/pitch-diameter-measurement-threaded-gages-using-cmm
https://www.nist.gov/metrology/metrological-traceability
https://www.nist.gov/publications/nistsematech-engineering-statistics-handbook-chapter-2-measurement-process
https://www.nist.gov/glossary-term/21621
https://ntrs.nasa.gov/citations/19900009424
https://committee.iso.org/standard/77913.html
https://vetcnc.com/

) vetcnc

CNC MANUFACTURING

A BETTER THREAD DISCUSSION STARTS WITH THE MATING FACTS

Bring the mating part.
Bring the function.

Share the current drawing revision, mating hardware, material and finish, quantity,
intended assembly behavior and required evidence. Keep every open engineering
decision visible before machining starts.

01 DEFINE

The system, mating state, complete-thread extent and required interface.

02 CONTROL

The drawing, route, tool, final state, method and decision rule.

03 VERIFY

The records, change review and authorized handoff.
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