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(R) Legibility of Print on Aerospace Wires and Cables

RATIONALE

The marking of electrical wires and cables and fiber optic cables with their unique identification codes is a critical
manufacturing function to enable production and maintenance personnel to easily identify each wire and cable. The ability
of personnel to read the codes is highly dependant upon the legibility of the markings. This is especially important on smaller
single core wires where the wire diameter limits the dimensions of the characters making up the code. This ARP has been
established to make recommendations on the ergonomic factors that equipment manufacturers should follow when
designing wire marking equipment for use in wire harness production to help maximise the legibility of the codes.

1. SCOPE

The purpose of this SAE Aerospace Recommended Practice (ARP) is to provide recommendations for marking wire and
cable insulations to meet legibility requirements. This information is generic and applies to any type of wire marking system,
such as an ultraviolet (UV) laser marking system or an inkjet or other ink based wire marking system. This ARP is limited to
the legibility of human-readable characters and does not address bar code or other machine-readable symbols. In this ARP,
the term wire refers to jacketed cables and fiber optic cables in addition to individual wires.

This ARP defines the factors that affect the legibility of markings on wiring. Two generic types of variables affect legibility:
stimulus variables and environmental variables. Stimulus variables are those factors involving the mark itself. This ARP
establishes a set of guidelines for key stimulus variables that contribute to legibility and which should be taken into
consideration in the course of specifying and using wire marking equipment. Environmental variables affect the reading of
the marking, for example lighting, observer-stimulus distance, orientation of observer to stimulus, clutter, visual acuity of
observer, state of mind, and visual exposure duration.
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2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AS4373 Test Methods for Insulated Electric Wire

“‘Naval White Wire Legibility Threshold Study - A Statistical Approach,” presented at SAE Aerospace Electrical
Interconnection Systems Conference, Williamsburg, Virginia, 29 October 1997.

2.1.2  Other Publications

Erdmann, R.L., and Neal, A.S., “Word Legibility as a Function of Letter Legibility with Word Size, Word Familiarity and
Resolution as Parameters,” J. Applied Psychology, Vol. 52, pp. 403-409.

Soar, R.S., “Height-Width Proportion and Stroke Width in Numeral Visibility,” J. Applied Psychology, Vol. 39, p. 45.

Van Nes, F.L., and Jocobs, J.C., “The Effect of Contrast on Letter and Word Recognition,” IPO Annual Progress Report,
1981, Vol. 16, pp. 72-80.

ASD-STAN prEN 3745-705 P3, “Aerospace Series Cables, Electrical, Aircraft Use Test Methods: Contrast Measurement,”
ASD-STAN, Rue Montoyer 10/5, 1000 Brussels, Belgium; Edition P3, 26 June 2020.

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AIR5558 Ultraviolet (UV) Laser Marking Performance of Aerospace Wire Constructions

AS5649 Wire and Cable Marking Process, UV Laser

2.3 Definitions

CONTRAST: A measurement relating to the difference in luminance of the mark and its associated background according
to a precise formula. The accepted formula used for contrast of wire and cable marking (dark marks on light backgrounds)
is in accordance with AS4373 Method 1001.

FONT: The defining shape and style of a character set for printing or marking.

LEGIBILITY: The quality of being legible, i.e., clear enough to be deciphered and to be read accurately.

LUMINANCE: For the purposes of contrast measurement, luminance is the integrated spectral radiance weighted by the
response of the “standard” human eye (the visible flux density per solid angle).

MARK: A character, bar code, or other symbol placed on a wire or cable for identification purposes. This ARP is limited to
the legibility of marks that are human-readable characters and does not address bar code or other machine-readable
symbols.

WIRE ID: A wire or circuit identification code which is printed on the wire.
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3. LEGIBILITY
Legibility is the property of written information that allows it to be deciphered; i.e., to be read accurately and understood.

Two generic types of variables affect legibility. These are known as stimulus variables and environmental variables. Stimulus
variables are those factors involving the mark itself. Environmental variables are those factors involving the environment,
including the observer.

Important stimulus variables (and corresponding section in this ARP) are:

Character size (height, height-width ratio, stroke widths) - 4.1
Contrast - 4.2

Font-4.3

Character orientation - 4.4

Inter-character spacing - 4.5

Character formation and fidelity - 4.6

Wire color and surface reflectance are also important stimulus variables, but these parameters are only changed by altering
the wire insulation and will not be addressed in this ARP.

Important environmental variables are lighting, observer-stimulus distance, orientation of observer to stimulus, clutter, visual
acuity of observer, state of mind, and visual exposure duration.

To increase the probability that the wire ID will meet the legibility requirements and can be accurately read, each of the
mark stimulus variables should be optimized as far as is practically possible. Recommendations are provided in Section 4
for the stimulus variables that can be controlled during the wire marking process.

3.1 Legibility Assessment

A wire ID is considered to meet the legibility requirements if it can be deciphered error free by the unaided eye (except with
normal vision correction aids) under the following conditions either in its own right, or if necessary from a composite of itself
and its immediately adjacent neighbors:

Wipe the wire with a soft, lint-free cloth. View the wire at 15 inches + 2 inches in an ambient light of 30 foot candles, nominal.
The wire ID information must be clear without magnification other than spectacles or contact lenses and read error-free.
Record the observed wire ID and check the information against the correct wire ID information.

4. STIMULUS VARIABLES

4.1 Character Size

The size and dimensions of characters can be defined in many different ways. Figure 1 shows, as an example, the character
“H” and the terminology used to describe its dimensions.
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