@ A = The Engineering Society

For Advancing Mobility SAE ARP5607
“Land Sea Air and Space

AEROSPACE

INTERNA ®

TIONAL RECOMMENDED

400 Commonwealth Drive, Warrendale, PA 15096-0001

Issued

PRACTICE

2002-02

Legibility of Print on Aerospace Wires and Cables

TABLE OF CONTENTS
L1 O ] PP a5 PPN S, 2
2. REFERENGCES .......ooiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeee e eeaenanaanananenn el e b 2
3. RELATED PUBLICATIONS ... eeeieeeeeee e e e b 2
4. DEFINITIONS] . ...ceieiieteiiiiiiiieiiietieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeses e eeeeeeeeeeaeaaaaaaaaeaaaaaaaeaaeeaheeeeeaeaaaaaaaaaaaaaaanns 3
ST I ] [ =] | I O S RSP SRR 3
5.1  Legibility ASSESSMENT ...t e e e e e e e e e e ernnnne b e e e e e 4
6. STIMULUS VARIABLES ... e f e 4
6.1 CharaCter SIEE ......ccooiiiiiee e e b 4
6.1.1 Character HRIght...........ooo o e e e b 5
6.1.2 Character Height to Width RAtIOS ..o frr e 6
6.1.3 Character Stroke Width. .c. i e eer b e 6
6.2  CoNtrast..... . T e b 7
B.3  FONt o e e e b 7
6.4 Character Ofentalion ... f e 8
R O g F= 1= T (= RS =T o [PPSR SRR 9
6.6 Character FormationaneHdelityy e 9
7. CONCLUSION . ..ttt e e e e e e e ettt eeee e e s asteeeeaeeeesaassseeeeeeeeeaaansnsseeeeeeannnsneees 10

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright 2002 Society of Automotive Engineers, Inc.
All rights reserved.

TO PLACE A DOCUMENT ORDER: (724) 776-4970

Printed in U.S.A.

FAX: (724) 776-0790 SAE WEB ADDRESS: http://www.sae.org


https://saenorm.com/api/?name=c00e3bffb3400d18dde492719678d9d7

SAE ARP5607

SCOPE:

The purpose of this report is to provide recommendations for producing legible marks on wire and
cable insulations. 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
report is limited to the legibility of human-readable characters and does not address bar code or other
machine-readable symbols. In this report, the term wire refers to jacketed cables and fiber optic

cables in additio

This report defin
variables affect |

those factors invplving the mark itself. This ARP establishes a set of guidelines for
variables that coptribute to legibility and which should be taken into consideration in

specifying and u
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4. DEFINITIONS:

LEGIBLE: Clear

enough to be deciphered; i.e., 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).

CONTRAST: A

background accq
devised over tim
marking (dark m

where:

C =% C¢
Lb = Lum

L, = Lunpinance of the mark

Lb>Lm

WIRE ID: A wirg

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

MARK: A chara
This report is lim
address bar cod

LEGIBILITY:

measurement relating to the difference In luminance of the mark an
prding to a precise formula. A variety of formulae (see Referencg, 1
e for different applications. The accepted formula used for contrast
arks on light backgrounds) is given as follows:

L,-L
c = Lozt 109
Lb

pntrast
inance of the background

or circuit identification code’which is printed on the wire.

cter, bar code or.other symbol placed on a wire or cable for identific
ited to the legibility of marks that are human-readable characters af
b or other-machine-readable symbols.

H its associated

have been
of wire and cable

(Eq. 1)

ation purposes.
nd does not

Legibility is the p
and understood.

roperty of written information that allows It 10 be deciphered; I.e., 10 be read accurately

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.
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5. (Continued):

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

Character size (height, height-width ratio, stroke widths) - 6.1

Contrast - 6.2
Font-6.3

Character orientation - 6.4
Inter-character spacing - 6.5

Character forma

Wire color and s

changed by alteting the wire insulation and will not be addressed in this ARP.

Important enviro
stimulus, clutter,

To increase the |
stimulus variablg
provided in Sect
process.

5.1 Legibility Asse

A wire ID is co
normal vision ¢
from a compos

Wipe the wire
30 foot candle
spectacles or g
information ag

6. STIMULUS VAR

ion and fidelity - 0.6

irface reflectance are also important stimulus variables but tHese pz

hmental variables are lighting, observer-stimulus distance, orientati
visual acuity of observer, state of mind and visual’exposure duratio

probability that the wire ID is legible and can beaccurately read, ea
s should be optimized as far as is practically'possible. Recommen
on 6 for the stimulus variables which can.be controlled during the W

5sment:

nsidered legible if it can bedeciphered error free by the unaided ey
orrection aids) under the-following conditions either in its own right
ite of itself and its immediately adjacent neighbors:

ith a soft, lint-freé cloth. View the wire at 15 inches + 2 inches in &
5, nominal. ~Fhe wire ID information must be clear without magnifica
ontact lenses and read error-free. Record the observed wire ID an
pinst the correct wire 1D information.

IABLES:

rameters are only

bn of observer to
n.

ch of the mark
dations are
ire marking

e (except with
or if necessary

n ambient light of
tion other than
d check the

6.1 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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6.1.1

Inter-character Stroke
Spacing Width
<<
A
Character
< P
Heigh
Inter-character
Pitch
v
4+—F>—P)
Character
Width

FIGURE 1 - Character Dimensions and Terminology

Character Height: Character size (height) is a prime factor affecting legibility. It
fact that aergspace wire markingseonstrains character size to just that area wherg¢
a critical determinant of legibility: Whereas on paper or packaging media print s
so limited. In such cases itis normal for the majority of the text to be printed in f
which equatgs to physical-character heights of 0.09 and 0.10 inches respectively

In the case of wiring;\the dimensions of the wire itself impose limitations on the m
(print) size, in thatthe mark dimension across the width of the wire must be less

is an unfortunate
 size atthe eye is
ze is not normally
point size 9 or 10,
(2.3 and 2.5 mm).

aximum character
than the wire

diameter. T
that, in general, they should not exceed 90% of the wire diameter.

recommended

The general rule for wire identification is to maximize the mark dimension across the diameter for
any given wire size, taking into account the limitations of the wire marking equipment in terms of

the maximum available mark size. It is particularly important to do this for wires

and cables with

outside diameters up to 0.12 inches (3.0 mm). Above this size, if the wire marking system can
support larger size characters without trading off any other aspects that affect legibility or the
performance of the equipment, it will help to make use of this additional equipment capability.



https://saenorm.com/api/?name=c00e3bffb3400d18dde492719678d9d7

SAE ARP5607

6.1.2 Character Height to Width Ratios: For optimum legibility of characters under normal, everyday
conditions, ergonomic studies have determined that a ratio of character height to character width of
4:3 is preferred (see References 2, 3, and 4). The use of characters with this ratio is, therefore,

also recomm

ended for wire marking applications with the following proviso:

The most serious legibility issues relate to reading of wire IDs on the smallest single wires, typically
22, 24, and 26 gauge. To optimize legibility on these small gauge wires it is recommended that
wire IDs should be marked with a vertical character orientation as described in 6.4. In conjunction

with vertical

character he
small wires (
already been
increase the
legibility for t
approach no
distorted out

In general, ¢
Height to wid
horizontal or

Character St
the small din
changing str
the spaces fq
resolve them
unintelligible
difficulties in

Ergonomic s
wire IDs (se€
to 30% provi

of recognition and can actually reduce legibility.

naracters with a 4:3 ratio should be used whenever possible to ma
th ratios in excess of 2:1 decrease legibility and should not be useq
vertical character orientation.

roke Width: Character stroke width plays an important part in legibi
ension characters used for wire IDs. There are two opposing effed

prmed between the charaeter strokes become lost to the eye as it Ig
. Characters then bécome difficult to decipher at best; at worst the
blobs. At the othér)extreme, as stroke width becomes too narrow,
seeing the character at all due to a contrast reduction at the retina.

udies havetindicated the use of a stroke width of at least 17% of ch
References 2, 3, and 4). Practical results show that a stroke width
Hes.an/acceptable result.

Eharacter orientation, it has been industry practice in some casessid enlarge the

ght running along the length of the wire to further aid the reading,of characters on
noting that it is not possible to further increase the character width, assuming this has
maximized in relation to the wire diameter). Increasing thé-character height will
height to width ratio. The vertical stretching of characters-in this manner may assist
ne smallest wires and character sizes. It is recommended, however, that this

be over-used, as the effect can be counter-prodyctive, as character shape becomes

imize legibility.
for either

ity, particularly for
ts that result from

bke width. If the stroke width'is too bold (too thick) the character definition suffers as

ses its power to
y become
he eye has

aracter height for
in the range of 20
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6.2

6.3

Contrast:

It is known that the contrast of the mark against its associated background affects legibility and that
legibility increases with contrast up to a limit (see Reference 5). Contrast is calculated according to
Equation 1 using the luminance of the mark and background. Equation 1 gives a value of 100% for a
completely back mark and a value of 0% for an absent mark.

Current industry recommendations vary regarding specific contrast levels, but typically indicate a
requirement of[>60% contrast for a dark mark against a white background. This, ARP recommends a
contrast level ¢f 60% when initially marked, with a minimum of not less than 55% linless the wire
type is incapaljle of supporting this contrast level. However, most common{wire types should meet
or exceed this requirement (see AIR5468).

Suggestions fgr the test method for measuring contrast and the apparatus required is as per
AS4373, Methpd 711 (see Reference 6) and EN 3475 Part 705 (See Reference 7)

Font:

The font is the|definitive shape and style of an alphanumeric character set. To opfimize wire ID
legibility, it is recommended that a clear, simple fontis used. To avoid confusion gnd aid correct
character idenfification the font should be a sans sérif font. Acceptable fonts should have a constant
stroke width and exhibit clear, specific charactes shapes which are easy to deciphgr and familiar to a
large proportiop of the population. As new.fonts are constantly being developed, it is impossible to
provide a definitive and exhaustive list of.:acceptable fonts.

Examples of agceptable and undesirable fonts are shown in Figure 2.

AGCEPTABLE FONTS UNDESIRABLE FONTS

ARIAL ABC123 TIMES NEW ROMAN ABC123
UNIVERS ABC123 23
TAHOMA ABCIZ3 TARAL2 3

FIGURE 2 - Example Fonts for Wire IDs

Having chosen a standard font meeting the above recommendations, it is likely that it will become
necessary to modify the font for wire and cable identification use. In particular, characters may have
to be restrained to a specified maximum "cell" size, corresponding to the chosen height to width ratio.
This will necessitate reducing the width of larger than average characters, such as W and M. It may
also be deemed necessary to stretch the vertical dimension of vertically orientated small characters
as noted previously. In all such situations it is recommended that a constant stroke width is
maintained.
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6.3 (Continued):

6.4

The font should be of a design that reduces errors associated with specific letter and number
confusions such as Q, O and 0 (queue, oh and zero). Where possible, grouping can be used to
reduce the risk of error (e.g., 123 ABC).

However, this has very limited potential application for wire identification applications.

It is inadvisable to use lower case letters for wire marking, particularly when marking small gauge
wires. Howevér, where Tower case and upper case characters are required, parfidular attention to

the similarity o

Character Origntation:

Western print i
here, and read
circumstances
in optimizing Ig

There is one important exception to the above as follows:

As the wire or
character heig
legibility is criti
material, there

Examples of "}
also referred t¢
(after the typic

[ pairs is critical, such as "p" and "P" and "w" and "W".

5 normally presented to the reader in horizontal format, i'e., as prese
ng from left to right. This is the print format we normally expect an
is that which is easiest to read and understand.“Ergonomics indica
gibility of wire IDs if they are also presented.in this fashion.

nt of a normally printed horizontal format character is reduced to the
cally impaired. In such cases, although it is not the norm for everyd

orizontal" and "verti¢al" print are shown in Figure 3. Horizontal prir
as landscape format. Vertical print is sometimes also referred to &
bl vertical style signs) or chimney format.

nted to the reader
d under normal
e that it will assist

Cable size, and hence the character‘size, reduces, there will come @ point when the

e point where the
ay printed

is a benefit in the case of wire IDs to switching to the use of vertical format marking.

t is sometimes
s portrait, hotel

HORIZONTAL |

rrO——2am<

FIGURE 3 - Horizontal and Vertical Print
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