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INTRODUCTION:

DECODING THE
LANGUAGE OF
PRECISION
MANUFACTURING

Every machined part
begins its life as a
concept on a digital
screen or a sheet of
paper. But between the
designer's vision and
the finished component

lies a critical
vocabulary: the
language of

engineering drawings.
At the heart of this
language is the
machining drawing
symbols chart, a

reference that
translates abstract
notations into precise

instructions for
manufacturing. For
machinists, quality

inspectors, and design
engineers, mastering
these symbols is not
optional—it is the
foundation of
producing accurate,
functional parts. This
article explores the
essential symbols
found on a typical
machining drawing
symbols chart, explains
their meanings, and
demonstrates how they
drive consistency and
quality in modern
manufacturing.

Whether you are a


https://everybodystreet.com/

seasoned professional
or new to the trade,
understanding these
symbols helps you

interpret surface
finishes, geometric
tolerances, and
material removal

requirements with
confidence. Let us dive
into the core elements
of this indispensable
tool.

WHATIS A
MACHINING
DRAWING
SYMBOLS CHART?

A machining drawing
symbols chart is a
visual reference that
catalogs the
standardized symbols
used on technical
drawings to
communicate
machining
requirements. These
symbols cover

eliminating ambiguity.
Adhering to
international standards
such as ASME Y14.5
(American Society of
Mechanical Engineers)
or ISO 1101
(International
Organization for
Standardization), the
chart ensures that a
symbol means the
same thing whether
the drawing is read in
Detroit, Dubai, or
Dortmund.

The chart typically
includes symbols for:

e Surface finish
and texture

e Geometric
Dimensioning
and Tolerancing
(GD&T)

e Material removal
indicators

e Thread and
fastener callouts

. e Datum
everything from references
surface roughness to « Welding and
geometric controls,
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edge conditions

By providing a quick
lookup, the chart helps
machinists avoid
misinterpretation,

reduce scrap, and
speed up setup
decisions.

COMMON SURFACE
FINISH SYMBOLS

Surface
Roughnes
S

Symbols

One of the most
frequently encountered
areas on a machining
drawing symbols chart
is the section
dedicated to surface
finish. The basic
symbol resembles a
check mark with
extended legs.

Variations indicate
whether material
removal is required or
not. For example:

e Basic symbol
(no bar):
Indicates a
surface without
specifying
removal method.

e Symbol with a
horizontal bar:
Means material
removal is
required (e.g.,
machining).

e Symbol with a
circle: Indicates
no material
removal is
allowed—the
surface must be
left as-cast or as-
forged.

The numerical value
placed above the
symbol represents the
roughness average
(Ra) in micrometers or
microinches. A lower
number means a



smoother surface. For
instance, an Ra of 0.8
um is typical for a
ground shaft, while 3.2
MM might appear on a
general milled surface.

Lay and
Waviness

The chart also includes
symbols for lay—the
direction of the
predominant surface
pattern. Common lay
symbols include:

e Parallel lay (two
parallel lines)

e Perpendicular lay
(a T shape)

e Circular lay (a
circle with
spokes)

e Multidirectional
lay (three
crossing lines)

Waviness is denoted
by a separate symbol
(a wavy line with a

height value) and
indicates the larger-
scale periodic
undulations on the
surface. Understanding
these nuances is vital
for applications like
sealing surfaces or
bearing journals.

GEOMETRIC
DIMENSIONING
AND TOLERANCING
(GD&T) SYMBOLS

The GD&T symbols
chart is arguably the
most important subset
of the overall
machining drawing
symbols chart. These
symbols define the
allowable variation in
form, orientation,
location, and runout.
Below are the most
critical categories:

Form
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Tolerance n
S Tolerance

e Flatness: A S

parallelogram
symbol. Controls
how flat a
surface must be.
Straightness: A
short horizontal
line. For lines or
axes.
Circularity: A
circle. Ensures a
round cross-
section.
Cylindricity: A
circle between
two slanted lines.
Combines
roundness and
straightness
along a cylinder.

Orientatio

e Angularity: An

angle symbol (a
V shape).
Controls the
angle relative to
a datum.
Perpendicularit
y: AT shape.
Ensures a
surface or axis is
90° to a datum.
Parallelism:
Two parallel
slanted lines.
Ensures uniform
spacing from a
datum.

Location



Tolerance Runout

S

e Position: A
crosshair symbol
inside a circle.
The most
versatile symbol
for locating
features like
holes.

e Concentricity:
Two concentric
circles. Rarely
used today due
to measurement
difficulty; often
replaced by
runout.

e Symmetry: A
horizontal line
with two vertical
dashes. Ensures
mirrored
features.

Tolerance
S

e Circular
runout: A single
arrow pointing to
a line. Controls
the deviation of a
rotating surface
at a single cross-
section.

e Total runout:
Two arrows
pointing to a line.
Controls the
entire surface
over the full
length.

Each GD&T symbol is
accompanied by a
tolerance value (in
millimeters or inches)
and, where needed, a
datum reference
letter (e.g., A, B, C) to
establish the
measurement origin.
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MATERIAL
REMOVAL AND
SURFACE TEXTURE
MODIFIERS

Before machining
begins, the drawing
must clearly indicate
which surfaces require
cutting. The machining
drawing symbols chart

includes special
modifiers:
e All-around

symbol: A small
circle attached to
the symbol’s tail
indicates the
requirement
applies to the
entire closed
contour.

e Stock
allowance: A
number placed
before the
roughness value
(e.q.,23.2)
means 2 mm of
material should
be left for

subsequent
machining.

e Removal by
machining: As
noted earlier, the
horizontal bar on
the surface
symbol explicitly
calls for material
removal.

These symbols prevent
costly
misunderstandings—fo
r example, a casting
that is machined on a
surface that should
have remained as-cast
could ruin its structural
integrity or increase
cost.

THREAD AND
FASTENER
SYMBOLS

A typical machining
drawing symbols chart
also includes notations
for threaded features.
While not always a
symbol in the
traditional graphic



DATUMIREATIIREULS
follow a strict format.
For instance:

e M10 x 1.5 - 6H
indicates a
metric coarse
thread (10 mm
diameter, 1.5
mm pitch) with a
6H internal
thread tolerance
class.

e UNC ¥%-20 for
unified coarse
threads.

Symbols may also
indicate thread depth,
counterbore,
countersink, or
spotface requirements.
A counterbore
symbol is usually a
circle with the letter
“C"” inside, while a
countersink symbol
resembles a cone.
These are essential for
fastener clearance and
flush assembly.

SYMBOLS

Datum symbols anchor
the entire tolerance
system. On a
machining drawing
symbols chart, a datum
is shown as a capital
letter enclosed in a
square box, attached
to a triangular indicator
pointing to the feature.
Common examples:

e Datum A might
be a primary
plane (e.g.,
bottom face).

e Datum B might
be a side surface
or hole axis.

e Datum C often
establishes a
secondary or
tertiary
constraint.

Datum targets (used
for irregular shapes)
are indicated by a
small circle with a
cross, placed on the
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surface at a specific
point. Understanding
how to read these
datum symbols is
critical for proper
fixturing and inspection
setup.

HOW TO READ A
MACHINING
DRAWING
SYMBOLS CHART
EFFECTIVELY

A machining drawing
symbols chart is only
useful if you know how
to navigate it. Here are
practical steps:

1. Identify the
standard listed
on the drawing
title block (e.g.,
ASME
Y14.5-2018). Use
the
corresponding
chart.

2. Scan for
surface finish
symbols
first—these often

dictate the
machining
process
(grinding, milling,
turning).

. Locate GD&T

symbols inside
feature control
frames. Read
from left to right:
symbol,
tolerance value,
modifying
condition (if any),
and datum
letters.

. Check for

material
removal
modifiers to
ensure you
machine only
intended areas.

. Cross-

reference
thread callouts
with tooling
specifications.

. Note any notes

or general
tolerances in
the drawing’s



remarks
section—they
may override
symbols.

Using the chart as a
quick reference
reduces errors. Many
machinists keep a
laminated copy in their
toolbox or use digital
versions on tablets.

COMMON
MISTAKES WHEN
INTERPRETING
SYMBOLS

Even with a
comprehensive
machining drawing
symbols chart,
misreads happen.
Avoid these pitfalls:

e Confusing
flatness with
parallelism:
Flatness controls
the surface's own
form; parallelism
controls
orientation to a

datum.

e Ignoring
material
condition
modifiers:
Symbols like []
(maximum
material
condition) or []
(least material
condition) alter
inspection
criteria
significantly.

e Overlooking
the “all-
around”
symbol: Without
it, a tolerance
applies only to
one surface.

e Mixing metric
and imperial
roughness
values: Always
verify the
drawing’s unit
system.

e Interpreting a
surface symbol
without a bar
as “no
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machining”:
Actually, it
means the
process is
unspecified, not
that machining is
prohibited.

A disciplined approach
to reading the chart
helps avoid these
common blunders.

PRACTICAL
APPLICATION:
FROM DRAWING
TO FINISHED PART

Imagine a drawing for
a precision motor
housing. The
machining drawing
symbols chart tells
you:

e The mounting
face must have a
flatness of 0.05
mm relative to
Datum A.

¢ All bolt hole
positions are
held to a 0.1 mm

positional
tolerance at
maximum
material
condition.

e The bore
requires a
surface
roughness of Ra
0.4 um with a
circular lay.

e Two tapped
holes require M6
x 1 threads with
6H tolerance,
countersink
depth 90°.

With the chart, you
select the appropriate
tools: a fly cutter for
the flat face, a
precision reamer for
the bore, a thread mill
or tap for the M6 holes,
and a countersink bit
with the correct angle.
The inspection plan
then uses the datum
references to set up a
coordinate measuring
machine (CMM).
Without the chart, each



of these decisions
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between design intent

could become and manufactured
guesswork. reality. By mastering
the surface finish
CONCLUSION symbols, GD&T
A machining drawing tOleranceS, material
Symbo's chart is removal indicators, and
more than a collection datum references,
of icons—it is a bridge Professionals
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