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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The purpose of this document is to provide a process for determining the ink cartridge yield for a
given colour inkjet print system (i.e. integrated ink cartridges and ink cartridges without integrated
printheads) using a standard consumer type test page suite. In the case where a cartridge set can be
used in multiple printer models, only one yield test needs to be performed as long as the difference
between printer models does not impact yield.

NOTE A cartridge supplier can choose to use more than one market identifier for a single physical cartridge.
In this case, only one yield test is required as long as there are no differences in the cartridges other than market
identifiers.

This dpcument prescribes the following:
— thp test method that manufacturers, test laboratories, etc. use to determine ink cartriidge yield;
— thp method for determination of declared yield values from the test results;

— thp appropriate method of describing the yield of cartridges in docwmentation sypplied to the
cojnsumer by the manufacturer.

The cartridge yield is determined by an end-of-life judgemernt,) or signalled with g¢ither of two
phenofnena: fade, caused by depletion of ink in the cartridge, or‘dutomatic printing stop)caused by an
ink ouf detection function. It is envisioned that one of the uses of this document is for the calculation
of cosf| per page (CPP). While this document measures a portion of this cost, it is not usgd as the sole
compdnent of CPP calculation. Additional factors are cdngsidered for CPP calculations. Itfis beyond the
scope pf this document to provide a methodology forcalculation of CPP.

© ISO/IEC 2021 - All rights reserved v
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Information technology — Office equipment — Method for
the determination of ink cartridge yield for colour inkjet
printers and multi-function devices that contain printer
components
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ope of this document is limited to the evaluation of ink cartridge page yield-for i
[ges (i.e. integrated ink cartridges and ink cartridges without integrated printh
print systems. This document can also be applied to the printer componentef any
that has a digital input printing path, including multi-function devicesthat contain
nents. Both liquid and solid ink products can be tested using this degument.

bcument is only intended for the measurement of ink cartridgepage yield when pri
No other claims can be made from this testing regarding quality, reliability, etc.

pcument can be used to measure the yield of any cartridge that is used in a signi
the printing of the test page suite defined in ISO/IEC 24712.

bcument is not for use with printers whose minindum printable size is equal to or g1
printers designed or configured to print photes'{for example, maximum printable
h printer configuration intended for photo-enly printing). In addition, it only applig
d printing systems.

Integrated ink cartridges is a cartridge that includes at least: an ink containmey
ion mechanism and an ink transport.part (see ISO/IEC 29142-1).
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l[lowing documents are\.referred to in the text in such a way that some or all of]
utes requirements @f this document. For dated references, only the edition cite
d references, thedatest edition of the referenced document (including any amendn]
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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31
fade
phenomenon in which a significant reduction in uniformity occurs due to ink depletion

Note 1 to entry: In this test, fade is defined by a significant increase in lightness, L*, or a decrease in density on
the bands surrounding the edge of the last page in the test page suite (3.8) (diagnostic page). This decrease in
density does not have to occur completely across the page. This comparison is made using the second diagnostic
test page generated during testing (the 10th page printed). For examples of fade, please consult Figure A.1.

Note 2 to entry: In some printer systems, fade can occur prematurely due to the way that ink is provided to
the printing system. If a printer exhibits fade, a five-minute pause is allowed to provide for recovery of the ink
delivery system and prlntlng may contmue Iffade appears on the next sulte then the cartrldge is judged at end of

life (3.7) and t

appear

on the next dlanostlc page, then pr1nt1ng can continue until the next fade or mk out (3.6) is encountered hnd the
additional diagnostic pages shall be counted.

3.2

streak

very thin line| of colour, other than intended in the bands surrounding the edge of\the last page in the
test page suitq (3.8)

Note 1 to entry: The last page in the test suite is also called the diagnostic page.

Note 2 to entry: Streaks differ from fade (3.1) in the width and severity of increase in lightness, L*, or regluction
in density. Strepks can appear for a number of reasons, thermal issues and clogged nozzles being two of the main
causes. If thesg streaks occur in three consecutive diagnostic pages,then a streak removal operation [3.3) is
required. Comparisons are made using the phenomena sample providéd'in Figure B.1.

Note 3 to entry|: This term is usually used in plural form.

3.3

streak remoyal operation

procedure usg¢d to restore the print performance by removing streaks (3.2)

Note 1 to entry: If streaks are observed on three.consecutive diagnostic pages, first the printer can be Jeft idle
for five minutep. Then an additional three test page suites (3.8) are printed. If the streaks are still observdd, then
a streak removjal operation is conducted accerding to the latest printer manufacturer documentation. Duf to the
significant amgunt of ink that is used for cleaning, the maximum permissible number of times that the| streak
removal operafion can be used on a given-eartridge is prescribed in 5.2.2.

Note 2 to entry: All test page suites‘printed during this process are included in the page count for determining
the yield.

3.4

printhead aljgnmentoperation

function that plignssnewly installed printheads

Note 1 to entry:\[fit is mandatory according to the latest printer manufacturer documentation, this operption is
performed durMg tesTNg. The pages USed I The allgMmeNt Procedure are ot Counted M tie measurement of yield.
3.5

ink low

warning generated by the printing system when it has determined that the amount of ink is such that a
cartridge change is required soon

Note 1 to entry: It does not indicate that the system is out of ink.

3.6
ink out

signal generated by the printing system when the useable ink in the system is depleted and the printer
stops printing

© ISO/IEC 2021 - All rights reserved
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3.7
end of life
condition determined by one of two mechanisms: fade (3.1) or ink out (3.6)

Note 1 to entry: For cartridges with more than one colour of ink in a single cartridge, end of life is defined when
the first colour within the cartridge exhibits fade or ink out. In the event that the printer can continue printing
after ink out is reported, the cartridge is still considered at end of life.

3.8

test page suite

series of five pages defined in ISO/IEC 24712 that are printed consecutively as a single job, ending with
a diagnostic page

3.9

individual cartridge yield
value dletermined by counting the number of diagnostic pages (last page of the ISQ/IEC 24712 test page
suite) printed between cartridge installation and end of life (3.7) and multiplying by five

Note 1 to entry: If the printer stops due to ink out (3.6) in the middle of a test page'Suite (3.8), thg number of the
diagnoftic pages printed is counted. Then, the first diagnostic page of the renfaining print job isfincluded in the
subseqpent cartridge yield.

Note 2|to entry: The number of test page suites counted can contain-seme pages that show visible fade (3.1).
To simplify the testing, determination of end of life is only made“on the diagnostic page (lI4st page of the
ISO/IEC 24712 test page suite).

3.10
declared cartridge yield
at or below the lower 90 % confidence bound of the meéan as prescribed in 6.1 and 6.2

3.11
prime cartridge

cartridge containing full density black,.cyanh, magenta or yellow ink or a combination ¢f full density
cyan, magenta and yellow

Note 1 fo entry: These colours represeit the primary inks used in a traditional four-colour printing process.

3.12
proxy|cartridge
primany cartridge (3.11)-+to:be utilized for estimating yield of supplemental cartridges (3.18

==
L

3.13
supplémental cartridge
cartridge otherthan the full density cyan, magenta, yellow and black cartridges

Note 1 fo entry: The determination of yield for a supplemental cartridge is made according to 6.2.

4 Test parameters and conditions

4.1 Setup

Place the printer on a horizontal surface and set up the printer according to the installation guide
provided in the printer user’s manual. Use the most recent printer driver available from the
manufacturer's website or the supplied driver with the printer. The driver version shall be specified
on the test report. Cartridge installation shall be completed following the instructions in the cartridge
installation guide. If there is a contradiction between the printer and cartridge manuals for the
cartridge installation, the cartridge manual shall take precedence except if changes are recommended
for printer or driver settings.

At the start of the test, all printers shall be set up using a set of priming cartridges to ensure that the
ink used in testing is primarily for printing, not for initial priming/cleaning. After the printer is set up

© ISO/IEC 2021 - All rights reserved 3
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according to the manufacturers’ instructions, the priming cartridges shall be used to print a minimum
of 25 pages, five cycles of the standard test page suite. The priming cartridges shall be removed and
replaced with new cartridges that are used for testing yield. The pages printed during this step are
not counted towards yield. Even if required by the printer, printhead alignment does not have to be
performed on the priming cartridges. The number of pages used in the priming operation shall be
included in the test report. The replacement of the priming cartridges with the first test cartridges may
be done all at once or staggered individually. If done all at once, all test cartridges begin with test page
suite number 1 and continue until end of life. If the staggered start method is used, the test page suite
number shall be tracked separately for each cartridge. The test start method shall be included in the
test report.

All image and print quality modifiers shall be at their factory preset configuration for the printer and
default-installed condition for the driver. If auto media detection is available on the printer, it.shall be
disabled and fedia-type set to plain paper. This is to avoid inaccurate sensing of the media. lfthe printer

and driver se
modes, (e.g. d

For printers t
to simplex for]

[tings differ, then the driver defaults shall be used. Any user selectable inkf¢onser
raft) shall be disabled during testing.

hat default to duplex printing, the default shall be overridden and the printer shall
yield testing.

To ensure th

font substitution shall be turned off. The file shall be printed using thefonts embedded in the f
shall be printpd on the page in a size corresponding to the dimensions.in the test page suite st3
(ISO/IEC 247[12). Page placement modifiers such as page centringycan be used to place the
properly on the page.

To facilitate aptomated testing, the test page suite may be pré=generated using the printer drive

is often accon
measured yie

If the printer
are set to not

The applicati
page size mod

4.2 Samply

the test page suite is printed correctly, any page size modifiers’such as "Fit to Pag

\plished using a print to file command. This.hiethod is only valid if it does not affi
d. If a pre-generated file is used, it shall be;noted on the test report.

inder test uses an internal PDF interpreter, it is ok to use it as long as the printer d

bn software (for example, Adebé Acrobat Readerd), printer driver and printer ca
ifier functions, such as Fit telPage. Make sure that all of these functions are disable

P Size

substitute fonts. If the internal intetpreter is used, this shall be noted on the report.

vation

be set

e" and
le and
indard

image

r. This
bct the

bfaults

n have
d.

le size
ridges
[imary
), nine
tridge
S, nine

Inkjet cartridges are designed in‘two common styles, single colour and multi-colour. The samp
shall be determined such thatfor each calculated yield value, a minimum of three physical carf
are tested in ¢ach of threeprinters. In the case of a typical four-colour printer with four single p
colour cartridges this-would result in 36 cartridges being tested, nine black (K), nine cyan (C
magenta (M)|and nine’yellow (Y). For a typical multicolour cartridge system where one caf
contains C, M[and Y;"and another cartridge contains K, the testing would use 18 total cartridge
black and ning¢ CMY.

In some printer configurations, supplemental cartridges can be installed. Please see the procedure
in 6.2 for details on the treatment of supplemental cartridges.

When testing additional engines and cartridges above the minimum, an effort shall be made to test an
equal number of cartridges on each engine. For example, if an additional engine were to be tested then
the minimum number of cartridges to be tested shall be 48 (3 cartridges x 4 colours x 4 printers) for a
four-cartridge system.

1) Adobe Acrobat Reader is the trade name of a product supplied by Adobe Systems Incorporated. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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When testing cartridges for a commercially available product, it is recommended that cartridges and
printers be procured from various sources or sampled from different production lots. The printers and
cartridges shall be within their useful life as stated in their user’s manual.

It is recommended that additional engines and/or cartridges be used in testing to allow for the
possibility of a cartridge and/or printer failure during testing.

4.3 Print mode

For reporting cartridge yield, the test shall be run in semi-continuous simplex printing and set in the
driver default print mode at or near rated print speed. Each copy of the test page suite shall be printed
as a separate five-page print joh This allows for some intra-jobh servicing and calibration to take place.
Additipnal pauses can take place due to paper refills and idle time due to end of workdays.

NOTE 1 This does not mean that the printer is required to stop between printed jobs.

Colour
the de
could |
contin
of the

NOTE 2

inkjet printers commonly need to service the printing system after a number of p
yice has been powered down or not used for a given amount of time. This servicing
have been used to print additional pages. It is realized that customers do not norm
llous fashion, but these changes are made to decrease testing tithe-and increase thg
festing process.

Depending on the use conditions, the yield experienced by'a given user can vary signifi

"ints, or when
uses ink that
ally print in a
repeatability

cantly from the

yield mleasured by this test method.

4.4 Print environment

The te
accord

mperature can have a profound effect on testresults. For this reason, the test shall pe carried out

ing to the following test conditions:

temperature: testing room average 23,0.2C * 2 °C;

repdings to be made with a running-average of 1 h with readings recorded at least ev{
running average temperatures shall be between 20,0 °C and 26,0 °C.

bry 15 min, all

EXAMH
taken d

LE An example of the caléulation of the temperature is shown in Table 1 for temper
n 15-min intervals for the.tésting of one cartridge.

ature readings

Table 1 — Running temperature calculation example

Vhlues in Celsius
Testing room
Ty | Ty | T3 | Ty | Ts | Te | T; | Tg | Tog | Tyo | T11 | T1z avefage
Temperature 24,0 | 23,4 120,5|24,2|23,622,0|255|24,7|22,1|20,8]22,0|23,5 23,0
IT{unn'qngaverage N/A | N/A | NJA [ 230122091226 123812401236[233]224 1221
i

Running average T, = (T, 3+7; +T;.1+T})/4

Testing room average = (T +T,+ ... +T;,)/12

From these formulae, the testing room average would be 23,0 °C, the maximum running average reading 24,0 °C
and the minimum running average reading 22,1 °C. These values can be found highlighted in the table of temperature

measurements. It shall be noted that the testing room average for temperature are averages of all measurements, not the
running averages.

Environmental conditions shall be included in the test report. The maximum and minimum running
averages for temperature shall be reported for each cartridge tested. Please see Annex C for a sample
reporting form.

All materials shall be temperature acclimated to the test room environment. Prior to testing, the printer,
paper and cartridges shall be acclimated to the above conditions. Before acclimation, packaging and

© ISO/IEC 2021 - All rights reserved
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shipping materials shall be opened with care to prevent damage to the cartridges during acclimation.

Paper may be

acclimated in the ream wrapper.

Any water condensation shall be avoided when printer, paper and cartridges are carried in the test

environment.

4.5 Paper

The paper used in this test shall represent a common medium grammage paper and shall conform to
the printer’s list of approved papers. The paper manufacturer, grammage and size, A4 or equivalent,
used in the test are noted on the report. If auto media detection is available on the printer, it shall be

disabled and

the media type set to plain paper The auto-detect process can have a qignifirnnf ef

ect on

the yield perf

4.6 Mainte

Printer maint

4.7 Test file

The test file o
mostrecento
standards.iso
addition to th
to generate th

brmance.

nance

enance shall be performed per the printer and cartridge user’s manual,

1tlined and specified in ISO/IEC 24712 shall be used. The test shall be conducted us

org/iso-iec/24712/. Failure to use the exact file specifications invalidates test res
e test file, a publicly available PDF reader is used ity conjunction with the printer
e printer input and send the file directly to the printer. The method used for conr

between the

ost computer and the printer shall be recorded on the test report. For automated t

a pre-generatpd print file can be used if the results are equivalent to direct printing methods. Th

be recorded

the test report. The version of the test filg, the printer driver version and the PDF

ng the

ficial electronic test file as the input. The most recent official file can be located at hittps://

hts. In
driver
ection
psting,
s shall
reader

version shall be included in the test report. Before starting the test, a sample file set shall be pripted to

check the im
shall be in acd

There are sev|
is recommend

To reduce te
conducted on

ge and ensure the proper size. The proper size for each of the pages in the test pag
ordance with ISO/IEC 24712.

eral PDF reader versions available; each version can have an impact on the yield reg
ed that the latest version.of the chosen PDF reader be used for testing.

5t variability due to other programs, it is recommended that test file generat]
a printer with a “clean” install of the Operating System (OS) with only the printer

PDF reader and any test control)software installed. Testing has shown that old installed driver

the same or d

To aid in cou
attempt shall
this informat

The host com

fferent printers.¢an affect the yield results.

hting and<tracking pages, a header or footer can be added to the test page suite,
be made_to reduce the size of this addition to minimize the effect on calculated
on isiihcluded in the test page suite, it shall be documented in the test report.

e suite

ults. It

ion be
driver,
s from

Every
ield. If

pct the

huter environment such as OS, RAM size, CPU type and application software can affi

yield test results, the computer environment recommended by the printer's user manual shall be used

for the test. A

1l of this information shall be recorded on the test report.

5 Test methodology

5.1 Testing procedure

5.1.1 Flow

chart

Flowchart of testing procedure is shown at Annex D.
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Preparation

Install at least three printers following the user’s manual.
Install a priming cartridge for each colour into the printers.
Using each priming cartridge, print at least five complete test page suites.

Remove each priming cartridge.

Installation of test cartridges

tridges by follwig the cartridge installation guide. Weigh ea
1 g and record the weight.

a)

e cartridge manual shall take precedence except if changes are recommended
iver settings.

TE In the case that the printing system does not use supplémental cartridges, W
Ftridges is not mandatory.

the printer has a mandatory printhead alignment operation, it shall be conducteg
e printer manual.

ese pages shall not be counted in the measured yield.

Testing

gin test and start tracking the number@of test page suites printed on each test ca
e 10th page (second full test page suite) is printed for the first set of cartridges, say
the fade reference.

hen fade or streaks are observed, appropriate procedure in 3.1 or 5.2 shall be appli
the systems, there are somi€ cases that ink low (3.5) appears before ink out (3.4
all be continued until the gnd of life (3.7) is reached.

cording to 5.1.5.

End of cartridge life procedure
cord individual cartridge yield of the depleted cartridge as described in 3.9.

move the depleted cartridge, weigh and record the final weight. Replace depleted

d install these
ally to within

there is a contradiction between the printer and cartridge manuals for the eartridge installation,

for printer or

eighing of the

according to

‘tridge. When
e page for use

ed. Depending
). But testing

hen end of life (3.Z)\is reached on any cartridge, execute the end of cartridge life procedure

artridge with

artridagn thot bhoc bod svc vynight oo nctan O 1 2

IALAL

new-e iaht ad oc3
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Repeat steps 5.1.3 through step b) of 5.1.5 for all remaining test cartridges. If the printer has a

mandatory printhead alignment operation, it shall be conducted according to the printer manual.

Testing shall continue using additional cartridges until the test is completed. The test is completed

when all of the primary cartridges for the predetermined sample size have reached end of life.
(A minimum of nine cartridges, three cartridges of each colour on three printers.) This might result

5.1.2
a)
b)
c)
d)
5.1.3
a) R
cal
0,
If
th
dr
N(
ca
b) If
th
T}
5.1.4
a) B4
th
as|
b) W,
or
sh
c) W
ac
5.1.5
a) R4
b) Rd
c)
d)
in
NOTE

use of more than three of each colour cartridge being tested.

In the case that the printing system does not use supplemental cartridges, weighing of the cartridges
is not mandatory.
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5.2 Procedure for handling streaks

5.2.1 Over view

If streaks are observed as described in 3.2, a streak removal operation (3.3) shall be performed
according to the printer user's manual. The page count and streaking colour shall be recorded on the
testreport.

5.2.2 Nozzle cleaning

a)

b)

Nozzle cleaning strength

If the clegning operation has the option of multiple cleaning strengths, the procedure indicated in
the print¢r manual for resolving streaking shall be followed. Use of a light and a streng/clpaning
procedurg shall count as one nozzle cleaning operation. Any cleaning pages printed-during the
nozzle cldaning operation shall not be counted in the yield calculation.

Permissilple limited number of nozzle cleaning operation

By condufting the nozzle cleaning operation, some amount of ink is conSumed affecting yigld test
results. Tp reduce the influence of this operation, the maximum number of times a user-injitiated
cleaning pperation for a single cartridge can be performed is limited.as’'shown in the list in Table 2.

Table 2 — Allowed cleaning cycles

Estimated Number ofcartridge
cartridge yield cleanings allowed
Up to 1 200 pages 3 times
Up to 1 600 pages 4 times
Up to 2 000 pages 5 times
Up to 2 400 pages 6 times
Up to 4 000 pages 10 times
NOTE The permissible limited ndmber of nozzle cleaning operation is three times, when the agsumed

yield valug for a printer tested.is\l 200 pages (240 suites) or less. The limited number is incremented by one
every addjtional 400 pages above 1 200 pages.

One mor¢ additional cleaning operation than the specified number of times can be tried. If|on the
additiond]l cleaning{operation, a fade occurs or an ink out is signalled, the yield data are sti}l valid
and the dpta can be)used in the final yield calculation. If a fade or ink out does not occur dur
cleaning pperation, the cartridge shall be replaced with new one regardless of streak co
The cartfidge-shall be considered defective for having excessive streaks and the yield dqta are
not valid ' i failed
cartridge due to excessive streaking.

If the nozzle cleaning operation cannot be limited to individual colour

If the cleaning operation cannot be limited to the cartridge that is streaking, all other cartridges
under testing also uses ink in the cleaning process. For this reason, if a nozzle clean operation
affects all cartridges in a printing system, any cleaning operation performed shall be counted
against all cartridges. If more than the specified cleaning operations are performed on a cartridge
under test, that cartridge shall be removed from testing even though it was not the cause of the
streaks. Cartridges removed for this reason shall be recorded on the test report as removed due to
excessive cleaning. These cartridges shall not be used in the calculation of yield.
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5.3 Procedure for handling a defective cartridge, printhead or printer failure

5.3.1 General

During testing, a failure of the cartridge, printhead or printer can occur. This shall be handled as
described below. Cartridge failures are defined as occurrences of problems that would result in
replacement of the ink cartridge before end of life. Examples of this could be excessive nozzle clogging
(for integrated printheads), excessive ink leakage, structural failure, etc. Printhead failures are usually
indicated by excessive, non-cleanable streaking or other non-resolvable print quality defects in systems
where the printheads can be replaced. Printer failures are defined as non-user clearable errors that
prevent normal printer operation from occurring. An example of this might be the failure of the paper
feed mechanism—or—excessive—streakingon—anonreptaceable—printhead—AHdefeetiye cartridges,
printhpads and printers shall re.

U vV = U cl

be recorded on the testing report along with reason forfail

5.3.2 | Defective cartridge

In the
shall 1
testing
accord
be use

When
canno
the de
replac

5.3.3

In the
manud
failure
shall 4
weighe
printe
cartrid
operat

NOTE

5.3.4

In the
the pr

case of a defective cartridge, the number of the last test page suite printed and rea
e recorded on the report. The cartridge shall then be replaced with a new cart
r continued. If the printer has a mandatory printhead alignment eperation, it shall
ing to the printer manual. For the purposes of yield calculation,the defective carti
d.

a defective cartridge is encountered, the yield data of-all the cartridges installed

fective cartridge or the streak removal operation€onducted immediately following
bment. This justification shall be noted in the test report.

Defective printhead

case of a defective printhead, the printhead shall be replaced as specified in the
1. For the purposes of yield calculation all cartridges that were in the printer at t
shall not be used in calculation-of'the final yield. After replacement of the printhe3
e set up using a set of priming cartridges as specified in 4.1. A new set of cartr
bd and installed for subsequent testing. On the report, the number of the last t¢
 for each cartridge using;the defective printhead shall be recorded. A note shall be
lges were replaced due,to printhead failure. If the printer has a mandatory printhg
ion, it shall be conducted according to the printer manual.

If the printhead is not user replaceable, refer to 5.3.4.

Defective printer

casé of a defective printer, the printer shall be repaired or replaced. After repair/r

ton for failure
ridge and the
be conducted
idge shall not

in the printer

be used for yield calculation unless it can be proven that those data would not e affected by

the cartridge

printer user's
he time of the
d, the printer
dges shall be
st page suite
made that all
bad alignment

pplacement of

ntér, the printer shall be set up using a set of priming cartridges as specified in

L.1. Then new

cartridges shall be installed for subsequent testing. IT the printer has a mandatory printhead alignment
operation, it shall be conducted according to the printer manual. On the report, the number of the last
test page suite printed by the cartridges in the defective printer shall be recorded and it shall be noted
that the cartridges were replaced due to printer failure. The failure of the printer shall be noted and the
replacement printer serial number recorded. The yield data obtained before printer failure cannot be
used for yield calculation unless it can be proved that the printer failure did not affect the previously
tested cartridges. This justification shall be recorded in the test report.

6 Determination of the declared yield value and declaration

6.1 Yield of primary cartridges

An average and a standard deviation are obtained from the test runs (e.g. n = 9).
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Sample average for a given cartridge is derived using Formula (1):

M

(2)

is thgindividual cartridge yield (3.9), i.e. the number of standard test page suites ptrinted be-
tween cartridge installation and end of life multiplied by 5;

n is thg sample size; for testing, n shall be 29.

It can be stat¢d with 90 % confidence that the true average yield of the cartridge’is within the|values

derived from Formulae (3) and (4):

= N
Bre =X~(tyns )Xﬁ (3)
- N
Byc =X+(tg 1 )><E 4)
where

B¢ is t:[e lower confidence bound (LCB);

Byc is the upper confidence bound (UCB);
ton-1 can/be found on a Students’ t-distribution table with n -1 degrees of freedom (df or 'v')|and
an ¢ of 0,1 (in this example, n.=¥=9-1 = 8). This provides a 2-tailed confidence intervaljwith
90 % confidence. This specific t-statistic for 8 degrees of freedom, and 90 % confidencg is
te nl1 = 1,860. This can Be used in the above calculation only. A different sample size arjd/or

o,n

diffprent confidence interval yields a different ¢, ,_;.

The declared Value shall be determined so thatitis at or below the calculated lower 90 % confidencg value.

6.2 Yield df supplemental cartridges

Supplemental| cartridge yields shall be reported individually except as specified in the note |of 6.4.

Supplementa] narhﬂir]gnc are naot rc\qnirar‘] to-reach-end of life If o cnpp]nmnnfo] r‘arhﬂir]gn r‘]res not

reach end of life for the minimum sample size of cartridges per printer by end of test, the yield can be
estimated. Yield can be expressed as follows.

— In the case that less than one cartridge per printer was used:
Yield = delivered ink [grams] x usage rate [pages/gram].

— Inthe case that less than the minimum sample size per printer but more than one cartridge were used:
Use all individual cartridge yields obtained and calculate 90 % LCB [Formula (3)].

B¢ =)_(_(ta,n—1 )X%

The declaration shall include a description stating the value is “estimated yield”.
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The delivered ink is the total amount of ink that the supply can deliver before end of life (i.e. difference
between the weight at start of cartridge life and the weight at end of life cartridge) and the usage rate
is the ratio of the total number of pages printed before end of life divided by the amount of ink used
to print those pages. The delivered ink amount is not known for a supplemental cartridge that did not
reach end of life. It is estimated as the average amount of delivered ink from all proxy cartridges.

A proxy cartridge is defined as any primary cartridge of the same physical size as the supplemental
cartridge which has a starting weight within 10 % of the supplemental cartridge starting weight.
Cartridge size does not include any features that are meant to differentiate between colours, such as
physical keys and tabs.

If no cartridge can be used as a proxy and less than one supplemental cartridge was run to end-of-life at

the enfl of testing for a given printer, then one of the following methods shall be used.

— If [the supplemental cartridge was a primary cartridge for the identical printing gystem tested
acpording to ISO/IEC 29102, the supply end weight from the ISO/IEC 29102 testis us¢d to estimate
Sjpplemental yield. This shall be noted in the test report.

— Supplemental cartridges are tested until end of life to determine yield.

At testjcompletion, a minimum of three data points (one per printer) exist for each supplemehtal cartridge.

The d4qta points are real or estimated. The 90 % LCB value shall becalculated in the samp manner as a

primary cartridge. Only supplemental cartridges are allowed to Have fewer than nine data points.

An exdmple:

K,|C, M, Y, Light C, Light M separate cartridges. Testiuses 3 printers x 3 cartridge sets|per printer.

K flelivers 20 g of ink and 500 pages (average of nine data points, standard deviation  18).

C dlelivers 11 g of ink and 250 pages (average of 18 data points, standard deviation = 21).
M|delivers 11,3 g of ink and 230 pages{average of 21 data points, standard deviation F 40).

Y delivers 11,5 g of ink and 265 pages (average of 18 data points, standard deviation # 31).

Light C delivers 3 g of ink andnever reaches end of life (0 data points).

Light M delivers 11 g of ink'and 1 400 pages (average of three data points, standard d¢viation = 62).

All colpur cartridges aré the same physical size and have a starting weight of 50 g+ 5 g.

The light cyan andlight magenta cartridges would be considered supplemental. The light dyan cartridge

yield dan be estimated. The cyan, magenta and yellow cartridges meet the criteria to je a proxy for

delivered ink-estimation. Therefore, the proxy delivered ink is the average of:
(1L ¥ 18+ 11,3 x21+11,5x18) / (18 + 21 + 18) = 11,27 g.

Since the light cyan cartridge was never changed, the number of pages printed with it is the highest
yielding cartridge over the entire test. In this case, black. The black cartridge was printed to end of
life three times, so the number of pages printed with the light cyan cartridge on each printer is the
sum of the three black cartridge yields. On average, this is 500 x 3 =1 500 pages, but needs to be done
on a per printer basis in order to generate the three estimated yield data points. Assume the three
printers produced 1 503, 1 516 and 1 481 total pages and the light cyan cartridges delivered 3 g,3,1 g
and 2,9 g of ink.

The light cyan estimated yields are:
(11,27 g) x (1 503 pages) / (3 g) =5 646,
(11,27 g) x (1 516 pages) / (3,1 g) =5 511,
(11,27 g) x (1 481 pages) / (2,9g) =5 755.
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The light cyan estimated yield is the average of the data which is 5 638 and a standard deviation of 122,3.
The 90 % LCB is computed the same way as primary supplies.

N=3andt(0,1,2)=292.
Therefore, the 90 % LCB numbers are:

122,3

light cyan 90 % LCB = 5 638-2,92———
V3

=5432 pages,

light magenta 90 % LCB =1 400—2,926—321 295 pages.
V3

6.3 Testdgta reporting

The data shall| be reported as exemplified in Annex C. The report shall be made available if requested.

6.4 Declarption of the yield

The yield declaration varies depending on whether ink is supplied in cagtridges with multiple dolours
or in separatgq cartridges for each colour.

When multiple colours are combined into one cartridge, then the detlared cartridge yield is based on
a single 90 %)]lower confidence bound (LCB) of the mean that js\¢alculated according to 6.1. The yield
values used in the calculation are those determined when thedfirst colour is depleted, as defined jn 3.7.

EXAMPLE 1
From testing:
CMY cartriglge 90 % LCB = 508 pages
Black cartr|dge 90 % LCB =1 100 pages
Yield can be reported as:
Average CMY cartridge yield up to 508 pages
Average blqck cartridge yield up to 1 100 pages
Values obtainefl by continuous printing.

When the different coleurs are supplied in separate cartridges, then LCBs are computed for each polour.
Declared carfridge_yield can be based either on the individual LCBs for each colour or based on a
combined yield as/discussed below.

Because of dilferencesin-colouranthue-and-colourbalance-optimization-amongprintermanufacturers,
the test page suites used in this document are not colour balanced for all printers. In acknowledgement
of this fact, when coloured inks are in separate cartridges that are intended to have approximately
equal capacities, their yields can be reported using a single value computed using yields for all of the

individual colours. This value is to be called the “composite yield” and is defined below in Formula (5):

NOTE Supplemental cartridges can be included in the composite yield if the following two conditions are met.

a) The supplemental cartridge has been replaced greater than or equal to 2x at the time that the last primary C,
M or Y cartridge has reached its third end of life on a printer.

b) Additional primary cartridges are tested until there have been three supplemental cartridges per printer
tested until end of life.
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v, - (5)
[ 1 1 1 ]
— ettt —
LR Y,
where
Y, is the composite yield;

Y is the 90 % lower confidence bound (LCB) of the page yield of colour i.

1

This calculation provides a cost neutral result when all colourants are priced the same on a per cartridge basis.

EXAMBLE=2

From tegsting:

Cyan cqrtridge 90 % LCB = 450 pages
Magenfa cartridge 90 % LCB = 580 pages
Yellow [cartridge 90 % LCB = 500 pages
Black cprtridge 90 % LCB =1 100 pages

3
Y E =505pages

¢ 1 1 1
450 580 500

For colour cartridges:

Declarfed yield can be based either on the individual LCBs for each colour or based on the composite
yield. The two options for declaration of yield for this example are:

Individlual yield method

Ayerage cyan cartridge yield up to 450 pages
Ayerage magenta cartridge yield up to 580 pages
Ayerage yellow cartridge yield up to 500 pages
Avyerage black-cartridge yield up to 1 100 pages

Values obtained by continuous printing.

Composite yield method
Three-cartridge composite yield up to 505 pages
(Composite yield using C, M and Y)
Average black cartridge yield up to 1 100 pages
Values obtained by continuous printing.
Note that yield for the black cartridge is always declared based on its individual LCB.
When yields for additional cartridges other than C, M, Y and K, shall be measured (as determined in

reference to 6.2) they shall be reported individually and not combined into the composite yield, unless

© ISO/IEC 2021 - All rights reserved 13


https://iecnorm.com/api/?name=7627a39566285be279550e85e98f0382

ISO/IEC 24711:2021(E)

they meet the requirements set out in 6.4. In these instances, the composite yield can still be used for
the cyan, magenta and yellow cartridges.

Ifayield is reported according to this document, a full test report as shown in Annex C shall be available.

When an inkjet cartridge yield is declared in the user’s manual, marketing materials or packaging, the
following minimum information shall be included:

There are fou

a)
b)

description that the declared yield value has been determined in accordance with this document;

declared yield value of the cartridge;

declarati

n that the value was obtained using continuous printing;

one of th
print syst

the comb
the minin

the rangs

available].

The black

Primary
of the not

1) CMY

with

2) Total

of 6.4.

being
the c

3) Indivj
Yield of sy

b following information shall be reported if a cartridge can be used in multiplg d
ems;

nation of a tested printer and cartridges;
hum yield of all tested printers;

of yields from all tested printers (shall have reference to actial printer/cartridg

' main components to the numerical part of the declaration.
cartridge yield.

fartridges other than black and any supplemental cartridges that meet the requirg
e in 6.4. For these cartridges there are threeways that yield can be specified.

composite plus the individual supplemental yields.

For this case, the composite yield shall be reported as a three-cartridge composit
h note specifying that this is composed of cyan, magenta and yellow.

composite yield of all primary and supplemental cartridges meeting the require

For this case, the composite yield shall be reported as a “N” cartridge yield, w
the number of carfridges in the composite yield. Also included shall be a note spe
blours of the cartridges used in the composite calculation.

idual yield-of.all cartridges.

ipplemental cartridges tested, but not meeting the requirement of 6.2.

1) Estinrated by weight.

istinct

e yield

ments

e yield

ments

th “N”
Cifying

2) Estimated by actual usage (<9 data point lower confidence bound).

d) The total number of cartridge colours used in the determination of the yield.

The method of measuring yield of monochrome test chart with colour inkjet and colour laser printers
shall be outlined in Annex E.

Recommended examples:

For a system with only C, M, Y and K individual cartridges using a composite average:

14
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When tested in printer YYY

Ink cartridge yield: three-cartridge composite yield 505 standard pages

(Composite yield using C, M and Y)

Average K cartridge yield 1 100 standard pages

Values obtained by continuous printing using four cartridge colours (C, M, Y, K).

Declared yield value in accordance with ISO/IEC 24711.

Or for just a cyan cartridge tested from the above example:
When tested in printer YYY
Inlk cartridge yield: three-cartridge composite yield 505 standard pages
(Qomposite yield using C, M and Y)
V3lues obtained by continuous printing using four cartridge_eglours (C, M, Y, K).
De¢clared yield value in accordance with ISO/IEC 24711.
Or for just a cyan cartridge tested from the above example without a composite yield:
When tested in printer YYY
Ink cartridge yield: average C cartridge yield 502 standard pages
V4lues obtained by continuous printing using four cartridge colours (C, M, Y, K).
Declared yield value in aceordance with ISO/IEC 24711.
For a system with only C;’M, Y and K individual cartridges:
When tested itprinter YYY
Inlk carfridge yield: Average C cartridge yield 502 standard pages
Average M cartridge yield 515 standard pages
Average Y cartridge yield 489 standard pages
Average K cartridge yield 1 100 standard pages

Values obtained by continuous printing using four cartridge colours (C, M, Y, K).

Declared yield value in accordance with ISO/IEC 24711.

For a system with only CMY combined cartridge and a K cartridge:

© ISO/IEC 2021 - All rights reserved
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When tested in printer YYY
Ink cartridge yield:
Ink cartridge yield: average CMY cartridge yield 505 standard pages
Average K cartridge yield 1 100 standard pages
Values obtained by continuous printing using six cartridge colours (C, M, Y, K, ¢, m).

Declared yield value in accordance with ISO/IEC 24711.

For a system with only C, M, Y and K individual cartridges and supplemental light C and light M|, with
both being estimated:

When tedted in printer YYY
Ink cartridge yield:
Threejcartridge composite yield 505 standard pages

(Compposite yield using C, M and Y)

Average K cartridge yield 1 100,standard pages
Estimgted supplemental yield light cyan 5:100 standard pages
Estimated supplemental yield light magenta 2 500 standard pages

Valueg obtained by continuous printing using six cartridge colours (C, M, Y, K, ¢, m).

Declarfed yield value in accordance with 1SO/IEC 24711.

For a system yith only C, M, Y and K individual cartridges and supplemental light C and light M,
with both haying the minimum réquired sample size:

When tedted in printer Y.YY

Ink cartridge yiéld:

Average C eartridge yield 502 standard pages
Average'M cartridge vield 515 standard pages
Average Y cartridge yield 489 standard pages
Average K cartridge yield 1 100 standard pages
Average yield light cyan 1 200 standard pages
Average yield light magenta 1 500 standard pages

Values obtained by continuous printing using six cartridge colours (C, M, Y, K, ¢, m).
Declared yield value in accordance with ISO/IEC 24711.
Or
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When tested in printer YYY
Ink cartridge yield:
Five cartridge composite yield 505 standard pages
(Composite yield using C, M and Y, light C, light M)
Average K cartridge yield 1 100 standard pages

Values obtained by continuous printing using six cartridge colours (C, M, Y, K, ¢, m).

Declared yleld value In accordance with ISU/IEU Z4/11.

© ISO/IEC 2021 - All rights reserved
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Annex A
(informative)

Examples of fade
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(informative)

Examples of streaks

_ QO
Figure B.1 — Exa&ﬁes of streaks
QO
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This annex sp

Annex C
(normative)

Test reporting form

ecifies the data that shall be present on all test reports; the format may vary.

Declaration of yield:

When teg
Inkjet cal
Ave
Ave
Values ob

Declared

ted in printer PDL 5900:

tridge yield:

rage continuous composite CMY cartridge yield = 505 standard pages
rage continuous K cartridge yield 1 100 standard pages
tained by continuous printing.

yield value in accordance with ISO/IEC 24711.

90 % Lower c

Date tested: 2

For questions

pnfidence Cyan cartridge =450 pages
Magenta cartridge = 580 pages
Yellow cartridge =500 pages
Black cartridge = 1100 pages
006/10/20 to 2006/10/30

concerning testing contact:

Cartridge Tesfing Associates

123 Printer ljane

Ink, IL 87484

Printer mode] used PDL 5900

Cyan cartridge model C45

Magenta cartfidge madetl M45

Yellow cartridge model Y45

Black cartridge modet KZ5

Number of cartridges used in testing C=19,M=19,Y=18,K=9

Number of cartridges used in calculations C=18,M=18,Y=18,K=9

Type of cartridge Separate

Supplemental cartridges Light cyan, light magenta

Print mode Continuous

Number of printers used in testing 3

Media used HiRight 20 lb copy paper
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Paper size

Paper feed orientation
Computer model

CPU

Memory size

Interface

ISO/IEC 24711:2021(E)

A4

Short edge feed
VectorPC 7155
Pentium I, 1,8 GHz
256 Mbyte

USB 2.0

Driverjversion

Operating system
Applicption software
Test page suite version
Power|(off/on) everyday?

Others

Table C.1 — Example of cartridge dataform for printer #1: AAAA69675

Driver version 1.03D

Windows XP SP2

Adobe Acrobat version 6.01
Version 200601

Yes

Footer is used forpage numbering.

Automatic testing file AAA is used.

Cartridge
No.

Temperature Cartridge

Cartridge used in
% . in. ield
Avg Max Min yie calculation

Istset

2nd set

3rd set

4th'sét

5th set

~iI20RIKIZOoRI<KIZORIRZORKIZO

6th set

7th set

Ri)IZio|IRI<IZIONR
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Table C.2 — Example of cartridge data form for printer #2: BBBB69675

Cartridge Temperatire Cartridge Camr1§ge
. . used in
No. Avg. Max. Min. yield .
calculation
Istset C
M
Y
K
2nd set C
M
Y
K
3rd set C
M
Y
K
4th set C
M
Y
K
5th set C
M
Y
K
6th set C
M
Y
K
7th set C
M
Y
K

[Fable C.3 — Example of cart

ridge data.form for pr

inter #2: BBBB69675

Cartridge Temperature Cartridge Cartr@ge
No. Avg, Max. | Min yield used in
calculation
1stset C
M
Y
K
2nd set C
M
Y
K
3rd set C
M
Y
K
4th set C
M
)
K
5th set C
M
Y
K
6th set C
M
Y
K
7th set C
M
Y
K
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Comments: (as required):

90%LCB

Cartridge Cartridge Cartridge
No. C M Y K No. C M Y K No. M Y K
Printer #1| 1 Printer #2] 1 Printer #3] 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 9
0 0 0
1 1 1
2 2 2
3 3 3
4 4 4
15 15 5
16 16 6
+ + +
18 18 18
19 19 19
20 20 20
Type C M Y K
Total
Avg.
St.Div.

Cartriglge AD499444 was stopped after 215 pages of testing due-t0, too many cleaning|operations in
printef ABA6686-996. It was not used in yield calculations. The,cartridge was replaced with a new
cartridge and the testing continued.

Cartriglge SE989395 was stopped after 234 pages of testing due to ink leakage. It wals not used in

calculations.

© ISO/IEC 2021 - All rights reserved
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ISO/IEC 24711:2021(E)

Annex D
(informative)

Process flowchart

24 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=7627a39566285be279550e85e98f0382

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Test parameters and conditions
	4.1 Set up
	4.2 Sample size
	4.3 Print mode
	4.4 Print environment
	4.5 Paper
	4.6 Maintenance
	4.7 Test file
	5 Test methodology
	5.1 Testing procedure
	5.1.1 Flow chart
	5.1.2 Preparation
	5.1.3 Installation of test cartridges
	5.1.4 Testing
	5.1.5 End of cartridge life procedure
	5.2 Procedure for handling streaks
	5.2.1 Over view
	5.2.2 Nozzle cleaning
	5.3 Procedure for handling a defective cartridge, printhead or printer failure
	5.3.1 General
	5.3.2 Defective cartridge
	5.3.3 Defective printhead
	5.3.4 Defective printer
	6 Determination of the declared yield value and declaration
	6.1 Yield of primary cartridges
	6.2 Yield of supplemental cartridges
	6.3 Test data reporting
	6.4 Declaration of the yield
	Annex A (informative)  Examples of fade
	Annex B (informative)  Examples of streaks
	Annex C (normative)  Test reporting form
	Annex D (informative)  Process flowchart
	Annex E (normative)  Method for comparison of inkjet performance to ISO/IEC 19752
	Bibliography

