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(57) Abstract: There is provided a method, comprising configuring a liquid de-
livery means to deliver a known volume of liquid to a liquid supply system. A
first pressure of the liquid supply system after the liquid delivery means has de-
livered a first known volume of liquid into the liquid supply system is determ -
ined. A second pressure of the liquid supply system after the liquid delivery
means has delivered a second known volume of liquid into the liquid supply
system in determined. The volume of compressible gas trapped in the liquid
supply system is determined from the second known volume of delivered liquid
and the first and second pressures.
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DETERMINING A VOLUME OF GAS INSIDE A LIQUID SUPPLY SYSTEM
BACKGROUND

[0001] Liquid supply systems are components in many apparatuses, for example they may
form a printing fluid supply circuit in a printer.
[0002] When initialising a printer, a purge process may be used to ensure the printing fluid

supply circuit is filled with printing fluid.
BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Further details, aspects and examples will be described, with reference to the
drawings. In the drawings, like reference numbers are used to identify like or functionally
similar elements. Elements in the figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale:

[0004] Figures 1a, 1b and 1¢ show examples of a compressible gas and incompressible
liquid located in a fixed, confined, volume according to one example;

[0005] Figure 2 shows a schematic diagram of an example gas volume measurement
apparatus;

[0006] Figure 3 shows a photograph of a second, real life, example gas volume
measurement apparatus;

[0007] Figure 4 shows a schematic diagram of an example liquid supply system in the form
of an ink supply circuit in an ink printer;

[0008] Figure 5 shows a schematic diagram of the example gas volume measurement
apparatus of Figure 2 coupled to the liquid supply system of Figure 4 in a first arrangement;
[0009] Figure 6 shows a schematic diagram of the example gas volume measurement
apparatus of Figure 2 coupled to the liquid supply system of Figure 4 in a second
arrangement; and

[0010] Figure 7 shows an example flow chart depicting a method of measuring the volume

of gas contained in liquid supply system.
DETAILED DESCRIPTION

[0011] Examples provide apparatuses and methods to measure volumes of gases inside
liquid supply systems. For example, the air trapped inside the printing fluid circuits that
supply printers, such as ink supply circuits. Examples may include portable testing
apparatuses, for example, for use in setting up, commissioning or servicing printers in the
field. Examples may also provide tools for use during development of new printing methods
and printing systems, or improved versions of existing printing methods and systems.

Examples are based on the “Ideal Gas Law” and may comprise a portable tool that is able to
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detect and measure the volume of gas (e.g. air) trapped inside the whole of the printing fluid
circuits (i.e. any and all of the tubes and other components forming the total printing fluid
circuit) in the printers, in an easy and non-invasive way.

[0012] When the liquid supply system under test is in a printer, it is useful to know about the
existence of, and measure the total volume of, the gas inside the printing fluid circuits,
because this can help guarantee the correct function of the print head (among other
components) and prevent damage to the print head. Moreover, such test apparatus may be
used in the field to help service printers, or diagnose and help correct faults, and can even
be used to help test printer mechanisms during their development, in order to improve those
print mechanisms. For example, the test apparatuses disclosed herein may be used to
develop new and improved purging processes for use by the printer during normal use.
[0013] The operating principles of the disclosed examples are based on the different
properties of air (i.e. a compressible gas) versus the properties of the printing fluid used in
printers (which may be an incompressible printing fluid/water based printing fluid).
Accordingly, examples can apply and measure variations of volume, and measure the
associated pressures and changes thereof (as described in more detail below), to obtain a
measurement of the total volume of air trapped inside the, or each, printing fluid circuit. This
may be done by applying the formulations and equations of the “Ideal Gas Law”. If the
printing fluid is an ink, there may be multiple individual ink circuits for each (e.g. primary)
colour ink in use in the ink printer, and examples may provide separate instances of the
basic testing apparatus for each colour ink circuit.

[0014] The disclosed apparatuses and methods provide a relatively low cost testing tool,
which is relatively compact, portable, simple in operation and easy to use and maintain in
operative state, all of which may help in the reduction of warranty and maintenance costs in
printers.

[0015] By way of background to the disclosed examples in the printing field, before some
printers starts printing, a start-up process may be used to fill all the printing fluid circuit with
the printing fluid, such as ink. This start up process includes eliminating the air inside the
tubes and components forming the printing fluid circuit. This process may be performed
carefully in order to eliminate as much air as possible from the printing fluid circuit. This
process is called a “Purge Process”.

[0016] The following will now be described in terms of an ink circuit in an ink printer.
However, examples may apply to any printing fluid circuit, included in any form of printing
system. Examples may be applied to both 2D and 3D printing systems.

[0017] The air remaining inside the ink circuit may be minimized. Otherwise, if a large
amount of air remains, that air may travel to the print head and could damage the print head,

especially at the relatively high pressures/temperatures involved with the normal printing
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process. This may result in reduced image quality and, in an extreme case, generate
irreparable damage in the print head. Any damage in the print head can result in high costs
for the customer or high warranty costs for the printer supplier.

[0018] Itis useful to estimate or measure the volume of air inside the ink circuit after the
purge process, at least to validate the purge process has occurred, or measure its
effectiveness, so the purge process may be continued/re-applied (if not fully successful).
Alternatively or additionally, in examples applied to printing system development, measuring
the volume of air trapped in the ink circuit can help improve upon the purge process itself, or
help during the servicing, installation or development of different printer mechanisms. It is
therefore useful to have a direct method and/or tool to measure the air trapped in the ink
circuit. This may allow the measurement of the volume of air remaining in the ink circuit after
the purge process. It may also allow the measurement of the volume of air trapped over time
during the normal function of the printer to monitor its evolution.

[0019] Thus, examples may include a tool (portable or fixed in situ) that is able to detect and
measure air trapped inside an entire ink circuit in a printer, in an easy and non-invasive way.
[0020] To ensure quick and reliable measurement, the volume of gas (i.e. air) contained in
the ink supply circuit may be considered as an “Ideal Gas”. The ink or other liquid in the ink
supply circuit may be considered an uncompressible liquid. These simplifications may allow

the application of the “Ideal Gas Law”.
IDEAL GAS LAW:

[0021] The “Ideal Gas Law” equation for gases is a combination of several separate laws, as
follows:
[0022] Boyle — Mariotte Law: If the temperature remains constant, the volume of a given

quantity of gas is inversely proportional to the gas pressure:

P-V=k (T, n constants) (1)
Where:
P = Gas Absolute Pressure. T = Gas Absolute Temperature.
V = Gas Volume. n = Number of Gas Moles.
k = constant

[0023] Charles — Gay Lussac Law: If the pressure remains constant, the volume of a given

quantity of gas is directly proportional to the absolute temperature:

V=k""T (P, n constants) (2)
Where:
P = Gas Absolute Pressure. T = Gas Absolute Temperature.
V = Gas Volume. n = Number of Gas Moles.

k’ = Constant.
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[0024] Gay Lussac Law: If the volume remains constant, the pressure of a given quantity of

gas is directly proportional to the absolute temperature:

P=kKk"-T (V, n constants) (3)
Where:
P = Gas Absolute Pressure. T = Gas Absolute Temperature.
V = Gas Volume. n = Number of Gas Moles.

k” = Constant.
[0025] Avogadro Law: If the same pressure and temperature conditions are maintained, the

volume of a gas depends on the number of moles, i.e. the given quantity of/amount of gas:

V=kK"n (P, T constants) 4)
Where:
P = Gas Absolute Pressure. T = Gas Absolute Temperature.
V = Gas Volume. n = Number of Gas Moles.

k” = Constant.

[0026] The combination of these laws results in the “Ideal Gas Law”:

P-V=n-R-T (5)
Where:
P = Gas Absolute Pressure. T = Gas Absolute Temperature.
V = Gas Volume. n = Number of Gas Moles.

k’ = Constant.
R is the universal constant for ideal gasses.

In some examples, R may be the following value:

R = 0.082 atm-litre (6)

°K- mol
[0027] Examples of the disclosure will be now described, which may allow measurement of
the trapped gas in the confined volume of a liquid supply system, following the Ideal Gas
principles as detailed above.
[0028] In an example, referring to Fig. 1a, a confined volume 100 contains a volume of liquid
110 (i.e. an initial volume of liquid in the confined volume = “Vty”) and a volume of trapped
gas 120 (*Vao"). The trapped gas may be assumed to be substantially undissolved in the
liquid (i.e. the amount of gas being dissolved in the liquid leads to less than a predetermined
error margin, for example 1%). In other examples, a de-gassed liquid may be used. For
example, a de-gassed ink where these inks may have a maximum air content that is, for
example, 20% of the maximum solubility of the original non de-gassed ink at room
temperature and normal air pressure (e.g. 25°C and 1 atmosphere). For example, if the ink
is water based and the maximum solubility of air inside the water based ink is 0.227gr/litre at

25°C and 1 atmosphere, then the maximum air dissolved in the ink may be less than 0.4% in
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volume (e.g. 0.38% for 775 cc of water based ink having 2.982 cc of air dissolved therein).
Examples are not limited to any specific gas solubility of the liquid but this parameter may be
factored in to the calculations used in this disclosure.

[0029] The system is assumed to be at an initial absolute pressure Po = Pam (€.9. sea level
atmospheric pressure, but other pressures, both lower and higher, may be suitable. In which
case such examples may measure the initial pressure before carrying out the calculations
discussed below). In examples that operate in other pressure environments, an initial
pressure reading may be used to determine the initial “atmospheric” pressure. Coupled to
the confined volume is a liquid delivery mechanism 130 comprising a reservoir of the same
liquid as used in the liquid supply system during normal use (so there is no contamination),
from which known volumes of the liquid may be controllably delivered into the confined
volume 100 over time.

[0030] Referring now to Fig. 1b, there is shown a view of the confined volume 100, in which
the liquid delivery mechanism 130 has delivered a known volume 142 (AVt,) of the liquid into
the confined volume 100, such that the gas is compressed. This may be considered the first
stage. Therefore, the confined volume 100 now comprises a reduced volume gas 122 (Va)
and an increased volume liquid 112 (Vt1). Now, the pressure in the confined volume has
increased to a new, higher pressure P4, which equals the original atmospheric pressure Py +
Pri — i.e. the original pressure plus a first relative pressure increase due to the delivery of the
extra known volume of liquid AVty. Thus, there is shown a reduction in volume or
compression of the gas 122 in the confined volume 100 as a result of the increase in volume
of the liquid in the confined volume 100.

[0031] Figure 1c shows a second stage wherein a further (i.e. second) known volume of
liquid 144 (AVt,) is inserted into the confined volume 100, resulting in a further compression
of the gas, resulting in a second compressed volume of gas 124 (Vay), as a result of
increased liquid content 114 (Vt2). Now, the pressure in the confined volume has increased
to a new, even higher pressure P, which equals the original atmospheric pressure Po + Pr»
— i.e. the original pressure plus a second relative pressure increase due to the delivery of the
extra known volume of liquid AVt,.

[0032] Using the values of the known volumes of liquid delivered into, and by measuring the
resultant increases in pressure inside, the confined volume 100, a measure of the
(compressed) volume of gas 120 (Vao) contained within the confined volume 100 may be
obtained. This equates to the amount of gas ‘trapped’ in the confined volume 100, thus
allowing a non-visual measurement of the trapped gas using pressure sensing and control of
liquid delivery volumes. Examples of the specific equations used to determine the amount of

air trapped in the ink circuit (e.g. Vao) are discussed below.
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[0033] Applying the “Ideal Gas Law” equations outlined above results in:

T =constant - n-R-T = constant — P -V = constant

PO'VaO:Pl'Va =PV

1 2

Where:

Po = Initial Absolute Gas Pressure.

P+ = Absolute Gas Pressure at Stage 1.

P> = Absolute Gas Pressure at Stage 2.
Vo, = Vo, — AV, (8)

Where:

Va, = Gas Volume at Stage 2.

AV, = Liquid Volume inserted by Stage 2.

(7)

Vap = Initial Gas Volume.
Va1 = Gas Volume at Stage 1.
Va, = Gas Volume at Stage 2.

Va1 = Gas Volume at Stage 1.

= PrVg, =Py (Vg —AV,) = Py Vg, — P2 - AV, (9)

Where:
P+ = Absolute Gas Pressure at Stage 1.

P> = Absolute Gas Pressure at Stage 2.

PZ'Val_Pl'Valzpz'AVtz
_ Py,

9 " p,-p,

Where:
P> = Absolute Gas Pressure at Stage 2.

P+ = Absolute Gas Pressure at Stage 1.

Py-AVy,

= Py Vo =P P,—P,

Where:
Po = Initial Absolute Gas Pressure.
P+ = Absolute Gas Pressure at Stage 1.
Liguid Volume inserted by Stage 2.
g P1 = Prl + PO
g PZ = PTZ + PO
Where:

Po = Initial Absolute Gas Pressure.

Relative Gas Pressure at Stage 2.

-

_ Py PAVe,  PrytPy (PratPo)dVy,

Va1 = Gas Volume at Stage 1.
AV, = Liquid Volume inserted by Stage 2.

(10)

(11)

Va1 = Gas Volume at Stage 1.
AV, = Liquid Volume inserted by Stage 2.

(12)

Vap = Initial Gas Volume.
P> = Absolute Gas Pressure at Stage 2. AVt; =

(13)

(14)

Pri = Relative Gas Pressure at Stage 1. Pr; =

G py P-Py Py (Prz2+Py)—(Pr1+Pg)

(15)
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[0034] Thus, the amount of trapped gas in the confined volume 100 (Vao) may be calculated

using the equation (16) below:

_ (Pr1 + P) - (P2 + Po) - AV,
o Py - (Prz = Pr1)

(16)

Where:
Po = Initial Absolute Gas Pressure. Vap = Initial Gas Volume.
Pri = Relative Gas Pressure at Stage 1. AVt = Liquid Volume inserted by Stage 2.

Pr> = Relative Gas Pressure at Stage 2.

and where the units used are the following:
Volumes = [cm3]
Relative Pressure P, = [psi]

Py = Pyym = 1 atm = 14.6959 psi

[0035] Applying equation (16) to a liquid supply system, such as an ink circuit of a printer (or
any other liquid supply system in a printer for example the developer circuit of a printer), the
air trapped inside the liquid supply system may be measured.

[0036] There is now described an example of the disclosure as applicable to an ink printer,
where the liquid supply system is an ink circuit.

[0037] The ink circuit in a printer can be complicated, with many shapes and corners that
make it difficult to eliminate all the air trapped inside. However, the ink circuit is a confined
volume, so it possible to measure the amount (i.e. volume) of gas (e.g. air) trapped in that
volume using the Ideal Gas Law described above, assuming that the gas is a compressible
entity, and the liquid ink is substantially incompressible liquid ink (and with little or no gas
dissolved in the liquid — for example a specialised de-gassed ink). Furthermore, by
measuring the volume of compressible gas in the ink circuit, it is at least possible to more
accurately control the purge process to remove as much of the gas trapped in the ink circuit
as possible (for example, at least to below a predetermined maximum volume of gas). This
may lead to improved purging, purge process development, servicing ability and the like.
[0038] Referring now to Fig. 2, there is shown an example 200 of a gas volume
measurement apparatus according to this disclosure. This may, for example, provide a

testing tool that can be applied to a printer and used to test/measure the volume of the air
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trapped in any (and all) liquid supply system(s) therein, such as ink circuits. The disclosed
specific examples of figures 2 to 6 are an ink circuit gas volume measurement tool.

[0039] The example shown in Fig.2 is a schematic diagram of a single test sub-system, able
to carry out the method described above in regard to Figs. 1a - 1c in respect of a single type
of liquid. Liquid delivery means 210 is coupled to the liquid supply system under test (not
shown) via connection means. For example, the connection means may comprise a needle
260 that can be inserted or connected into the liquid supply system under test, coupled to
the liquid delivery system 210 via tubing 270. During use, the tool’s liquid components (i.e.
the liguid delivery means, tubing, etc) are pre-charged (i.e. pre-filled) with the liquid before
connection to the liquid supply system under test. The liquid used in examples is the same
liquid used during normal use of the apparatus (e.g. liquid ink of the same colour and type in
the case of a printer).

[0040] The tool further comprises a pressure sensor 250, coupled to the liquid delivery
means via tubing 270. In some other examples, the pressure sensor 250 may be coupled to
the liquid supply system (not shown) in an alternative arrangement.

[0041] The liquid delivery means 210 comprises a fluid reservoir to contain the liquid for
delivery into the liquid supply system, and an actuator 220. In the example shown the fluid
reservoir is a syringe, and the actuator acts to force the plunger of the syringe into (or out of)
the syringe by a known amount, to thereby deliver a known volume of liquid. For example, a
force applied through a coupling between the actuator 220 and plunger forces the liquid from
the liquid delivery means 210, through the supply line and through a connection means (e.g.
needle) 260, and onwards into the liquid supply system under test (not shown).

[0042] Changes in pressure internally in the apparatus 200, including the supply line 270,
liquid delivery means 210, connection means 260, or any system (e.g. a printer ink supply
circuit) connected to connection means 260, may be accurately monitored and measured
using pressure sensor 250, by virtue of its in fluid contact with tubing 270. The pressure
sensor may be connected to pressure readout 240 for external display of the pressure. The
pressure sensor is electrically coupled to a controller 230, which is operable to control the
volume of liquid delivered by the liquid delivery means 210 in order to determine the volume
of trapped air. For example, the controller 230 may be electrically coupled to the pressure
sensor 250 and configured to determine a first pressure of the liquid supply system from the
pressure sensor 250 after the liquid delivery means 210 has delivered a first known volume
of liquid into the liquid supply system, and then determine a second pressure of the liquid
supply system from the pressure sensor 250 after the liquid delivery means 210 has
delivered a second known volume of liquid into the liquid supply system, and determine the
volume of compressible gas in the liquid supply system from the first and second known

volumes and first and second known pressures.
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[0043] The controller may control actuator 220, to directly control the volume of liquid
delivered into the liquid supply system, or the controller may just be informed of the volume
of liquid that has been delivered into the liquid supply system. Thus examples may include
manual and/or automatic deliver of liquid. When manual actuation is used, the actuator may
be configured to provide an indication of the extent or amount of actuation to the controller,
such that the controller may know the exact volumes of liquid delivered into the liquid supply
system under test.

[0044] Referring now to Fig. 3, there is shown a real life example 300 of the disclosed tool
for measuring air trapped in a printer with four colour inks (e.g. CMYK), therefore includes
four ink supply circuits. The example shown therefore includes four tool sub-systems, one for
each of the colour ink circuits under test, and each comprising an individual liquid delivery
means 210, and associated pressure sensor 250, connection means 260, and the like. Thus,
there is shown manual rotary actuators 320, a controller assembly having surface mount
pressure sensors thereon 330, tubing 370, connection means 360 (in the form of industry
standard ink connectors) and syringes 310. It would be understood by the skilled person that
other reasonable numbers of tools and colour ink circuits would be within the scope of the
disclosure.

[0045] In the example apparatus 300 graded manual drive screws 320 are connected to
liquid delivery means (syringes) 310 and may be used to replace actuator 220 of Fig.2 and
allow a controlled quantity of liquid to be delivered. This may be accomplished, for example,
with knowledge of the screw thread and calculation of number of turns per unit distance
moved, allowing a known volume of liquid delivered to be calculated. Supply lines/tubing 370
contain the separate ink colours, joining connectors 360 to syringes 310 and controller
including mounted pressure sensors 330.

[0046] According to examples, the volumes of the liquid delivered into the liquid supply
system (i.e. AVt and AVty, described above), in order to test the volume of trapped air (i.e.
Vao) are relatively small. The choice of specific volumes of liquid used (i.e. delivered into the
liquid supply system) may be relatively large or relatively small, it does not matter which, so
long as the volume(s) used is known exactly in a particular instance. However, the volumes
used may be such that there is no damage caused to any component of the liquid supply
system under test (for example, in a printer, the print heads) during use, because using
small volume of liquid, the pressure changes are also low. This is to say the maximum
pressure used in the described apparatus and method (e.g. testing tool) should be equal or
less to the maximum pressure allowable in the printer circuit to avoid damage to the printer
components.

[0047] Referring now to Fig.4, there is shown an example of a liquid supply system that

can be tested according to the disclosed apparatus, which in this specific example is an ink
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circuit 400. The ink circuit 400 may include ink supply 420 (the supply for actual printing
use), ink supply lines/tubing 410, ink supply port 470, printer head port 430 and purge port
460. The ink supply circuit may or may not further include a printer head 440. Purge port 460
may be used to purge the liquid supply lines. Print head 440 includes regulator 450 to
regulate pressure and avoid damage to the print head 440. Print head 440 may attach to
liquid supply line 410 via print head port 430.

[0048] The liquid supply lines 410 contain the liquid, for example ink, but also may include a
volume of trapped gas (Vt) The printer head 440 may include its own portion of trapped gas
(Veua). The apparatus and methods according to the present disclosure are able to
determine Vt and Vpua, according to different arrangements, as follows.

[0049] Fig.5 shows the apparatus 200 of Fig. 2 attached to the printer ink circuit 400 of Fig.
4, in this specific example via the purge port 460, and with the printer head 440 fluidly de-
coupled (i.e. disconnected) and the main ink supply 420 also fluidly de-coupled (i.e.
disconnected). Fluidly de-coupled may mean outright disconnection of the respective entity
or simply the closing of a respective valve, for example, such that fluid can no longer pass
into or out of the respective entity. Thus, the tool may determine the volume Vt. A relatively
higher pressure (but without exceeding the maximum pressure capability of the remaining
portion of the liquid supply system) may be used in this scenario, since there are no
pressure sensitive components involved (such as the print head).

[0050] Meanwhile, Fig.6 shows the same apparatus as Fig 5, but now in an arrangement
with the printer head 440 attached, allowing measurement of Vt and Vpua. The volume Vppa
alone is therefore easily derived also, by subtraction, for example.

[0051] Referring now to Fig.7, a flow diagram 700 is presented showing an example method
of measuring the volume of air trapped in a liquid supply system according to the present
disclosure.

[0052] Starting at 710, the liquid supply system may be connected to the measurement tool
apparatus as depicted in for example Fig. 5 720, for example via purge port 460 or another
suitable port designed to introduce minimal air upon connection. A quantity of fluid (e.g. ink)
Vi1 may be delivered into the liquid supply system 730, at a first stage, for example via
operation of actuator 220 on the fluid reservoir, thus creating pressure in liquid delivery
means 210. Relative pressure Pri may be recorded as a result of the introduction of the
quantity of liquid Vt1 740 via pressure sensor 250 (and may be displayed on pressure
readout 240). A second guantity of liquid Vi may be then delivered into the liquid supply
circuit 750, at a second stage, via the same process of actuator 220, creating further
pressure in liquid delivery means 210. A second, increased pressure reading Pr, may be
recorded 760 via pressure sensor 250 (and may be displayed on pressure readout 240). Any

quantity of gas trapped inside the liquid supply system may then be calculated 770 using the
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volume of inserted ink at the second stage (AVt2, which may be derived from Vt; and Vt2),
and resultant change in pressure (derived from measured pressures Prq and Pr»).

[0053] Examples implementations may provide an apparatus for measuring a volume of a
compressible gas contained in a liquid supply system, comprising liquid delivery means
fluidly coupled to the liquid supply system and configured to deliver known volumes of liquid
to the liguid supply system, a pressure sensor fluidly coupled to the liquid supply system and
configured to measure pressure in the liquid supply system, and a controller electrically
coupled to the pressure sensor and configured to determine a first pressure of the liquid
supply system from the pressure sensor after the liquid delivery means has delivered a first
known volume of liquid into the liquid supply system, determine a second pressure of the
liquid supply system from the pressure sensor after the liquid delivery means has delivered a
second known volume of liquid into the liquid supply system, and determine the volume of
compressible gas in the liquid supply system from the second known volume of liquid (AVt2)
and the first (Pr1) and second (Pr2) pressures and an initial pressure (PO).

[0054] In some example implementations, the controller is further configured to direct the
liquid delivery means to deliver the first and/or second known volumes of liquid into the liquid
supply system.

[0055] In some example implementations, the controller is further configured to determine
the volume of compressible gas in the liquid supply system using the Ideal Gas Law.

[0056] In some example implementations, the initial pressure is an atmospheric pressure
[0057] In some example implementations, the controller is further configured to determine
an initial atmospheric pressure from the pressure sensor.

[0058] In some example implementations, the liquid delivery means comprises a fluid
reservoir and an actuator.

[0059] In some example implementations, the actuator is electrically coupled to the
controller to provide the controller with an amount of actuation of the actuator and/or to
provide the controller with means to actuate the actuator.

[0060] Some example implementations further comprise a connection means configured to
couple to any one or more of a printing fluid supply connection, purge port or printer head
interconnect of a printer, such as an ink printer.

[0061] In some example implementations, the connection means is a printing fluid supply
connection, for example a needle, enclosed needle, industrial coupling, or any other coupling
generally in use in the liquid supply system under test.

[0062] In some example implementations, the controller is further configured to determine a
connection arrangement of the liquid delivery means to the liquid supply system and provide

a volume of compressible gas inside the determined connection arrangement.
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[0063] In some example implementations, the apparatus is an external test apparatus
configured to measure the volume of compressible gas in a liquid ink supply system of a
liquid ink based printer and wherein the liquid supply system is the ink supply system of the
liquid ink based printer.

[0064] In some example implementations, the ink supply system comprises one or more ink
circuits, there being an ink circuit per separate colour ink.

[0065] In some example implementations, the apparatus is a tool that may be used with any
printer or test bed used during development phases of a printer. Such test beds may
comprise a whole or partial printing fluid circuit of a printer. The tool may be used with any
kind of liquid systems, including water, printing fluid, ink, or any other kind of printing fluid(s)
used as fixers or other pre-treatments or post-treatments done during the printing.

[0066] In some example implementations, the fluid reservoir is a syringe mechanically
coupled to the actuator, wherein the actuator is configured to precisely control a position of
the syringe plunger

[0067] In some example implementations, the compressible gas is air. The air may be
atmospheric air.

[0068] In some example implementations, the apparatus is configured to operate at a known
external pressure.

[0069] In some example implementations, the known external pressure is an atmospheric
pressure, such as sea-level atmospheric pressure.

[0070] In some example implementations, the liquid is a substantially incompressible liquid,
wherein substantially incompressible comprises less than 1% compressible at a pressure up
to 3000 psi.

[0071] In some example implementations, the liquid supply system is an ink supply system
for a liquid ink based printer and wherein the liquid is a liquid ink, where the ink supply
system comprises at least one ink circuit per primary/base ink colour.

[0072] In some example implementations, the apparatus further comprises a fluid delivery
means, connection means and pressure sensor per printing fluid circuit, for example an ink
circuit.

[0073] In some example implementations, the liquid supply system comprises a confined
volume comprising at least a first portion consisting of an incompressible liquid and at least a
second portion consisting of a compressible gas.

[0074] In some example implementations, the liquid supply system further comprises at
least one further third portion consisting of an incompressible liquid, wherein the at least a
second portion is interspersed or disposed between the first and third incompressible liquid

portions.
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[0075] The liquid in use in the liquid delivery means and/or liquid supply system may have a
low level of gas dissolved therein. The compressible gas may be the non-dissolved gas — i.e.
comprises gas that has not been dissolved into the liquid.

[0076] In some example implementations, the difference between first and second
pressures falls in a range (relative to the initial pressure) suitable for the liquid supply system
under test. For example, a range of suitable pressures may be between atmospheric
pressure (zero relative pressure) and the maximum pressure admissible in the system under
test. In an example of an ink circuit of an ink printer, this may be the printer ink circuit
maximum pressure admissible before leakage and/or damage to the ink circuit including
printer head occurs. This maximum value depend on the type of printer (i.e. printer
specifications). This means the damage potentially caused by operation of the example
apparatuses and methods is less than the damage that could be caused by air in the liquid
supply system during normal use of the liquid supply system. For example, in examples
applied to liquid ink based printers, the pressures and volumes used are lower than those
experience during normal printing.

[0077] In some example implementations, the pressure sensor is coupled to the liquid
supply system between the connection means and the fluid delivery means. In other
example, the pressure sensor may be coupled at any point in the liquid supply system.
[0078] Example implementations may also provide a method for measuring a volume of a
compressible gas contained in a liquid supply system, comprising configuring a liquid
delivery means to deliver known volumes of liquid to the liquid supply system, determining a
first pressure of the liquid supply system after the liquid delivery means has delivered a first
known volume of liquid into the liquid supply system, determining a second pressure of the
liquid supply system after the liquid delivery means has delivered a second known volume of
liquid into the liquid supply system, and determining the volume of compressible gas trapped
in the liquid supply system from the second known volume of delivered liquid and the first
and second pressures.

[0079] Some example implementations further comprise using an initial pressure in
determining the volume of compressible gas trapped in the liquid supply system.

[0080] Some example implementations further comprise measuring an initial pressure of the
liquid supply system

[0081] In some example implementations determining the volume of compressible gas
trapped in the liquid supply system comprises using an Ideal Gas Law in the determining.
[0082] Some example implementations further comprise determining an arrangement of the
liquid supply system and determining a volume of gas trapped in the determined

arrangement. Volumes of trapped gases in different arrangements may be measured. The
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different volumes may be used to determine volumes of gases trapped in a non-isolated
arrangement by means of addition or subtraction.

[0083] Some example implementations further comprise fluidly coupling a liquid delivery
means to a liquid supply system.

[0084] Some example implementations further comprise carrying out a purging operation on
the liguid supply system, to purge any compressible gas before or after measuring the
volume of compressible gas contained in the liquid supply system.

[0085] In some example implementations, if the purging operation occurs before, the
method further comprises determining a level of success of the purging operation based on
the measured volume of compressible gas. Then, the method may further comprise
adjusting the purging operation in response to the determined level of success.

[0086] The liquid supply system may be a printing fluid supply circuit of a printer. In which
case, some examples provide a printing system, comprising liquid delivery means fluidly
couplable to a printing fluid supply circuit of the printing system to deliver known volumes of
printing fluid to the printing fluid supply circuit, a pressure sensor fluidly couplable to the
printing fluid supply circuit and configured to measure pressure in the printing fluid supply
circuit, and a controller electrically coupled to the pressure sensor and configured to
determine a first pressure of the printing fluid supply circuit from the pressure sensor after
the liguid delivery means has delivered a first known volume of printing fluid into the printing
fluid supply circuit, determine a second pressure of the printing fluid supply system from the
pressure sensor after the liquid delivery means has delivered a second known volume of
liquid into the printing fluid supply circuit, and determine a volume of compressible gas in the
printing fluid supply circuit from the second known volume of printing fluid and the first and
second pressures and an initial pressure.

[0087] In some examples, a support structure may be provided to house any of the
disclosed apparatuses. The support structure may be a portable device or formed as part of
another apparatus that uses the liquid supply system.

[0088] The actuator(s) according to some examples may be manually driven, electrically
driven, electronically driven, or combination thereof. In some examples, the actuator(s) may
have position control and/or position sensing.

[0089] Example implementations can provide a testing/measurement tool, for example, the
device shown in or described with reference to Fig. 2 and 3. The testing/measurement tool
can comprise a controller, circuitry or processor to control the testing/measurement tool to
carry out the method according to any method as described or claimed herein. The controller,
circuitry or processor may control the action (or measure an output of) any of the actuators,
sensors, or any coupling components, such as ports, valves or other liquid control devices

used to couple the apparatus or parts thereof to a liquid supply system under test. Similarly,
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example implementations can provide a controller, circuitry or processor for controlling a
testing/measurement tool; the controller comprising circuitry or a processor to orchestrate or
implement any method as described or claimed herein. Furthermore, any such methods can
be realised, at least in part, using machine executable code comprising instructions arranged,
when executed by at least one processor, to control or implement any method described or
claimed herein. Example, implementations provide non-transitory machine readable storage
storing such machine executable code.

[0090] In some examples, the measurement tool may be incorporated into the printer, for
example, for use in commissioning or servicing the printer. In some examples, the
testing/measurement tool is a hand held device for attachment by a service operator for testing
of the printer and/or printing mechanisms in development.

[0091] Examples may use any disclosed equations, or equivalents to determine the volume
of gas, or liquid, in a liquid delivery system.

[0092] In some example implementations, the method may be implemented as a set of
instructions stored in non-transitory form on a computer readable medium. When the set of
instructions are carried out by one or more processors coupled to a testing apparatus, as also
disclosed, results in the processor measuring the volume of gas contained or trapped in a

confined volume of a liquid supply system.
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Claims:

1. An apparatus, comprising:
liquid delivery means fluidly couplable to a liquid supply system and configured to
deliver known volumes of liquid to the liquid supply system;
a pressure sensor fluidly couplable to the liquid supply system and configured to
measure pressure in the liquid supply system; and
a controller electrically coupled to the pressure sensor and configured to:
determine a first pressure of the liquid supply system from the pressure
sensor after the liquid delivery means has delivered a first known volume of liquid
into the liquid supply system;
determine a second pressure of the liquid supply system from the pressure
sensor after the liquid delivery means has delivered a second known volume of liquid
into the liquid supply system; and
determine a volume of compressible gas in the liquid supply system from the
second known volume of liquid and the first and second pressures and an initial

pressure.

2. The apparatus of claim 1, wherein the controller is further configured to direct the
liquid delivery means to deliver the first and/or second known volumes of liquid into the liquid

supply system.

3. The apparatus of claim 1, wherein the controller is further configured to determine the

volume of compressible gas in the liquid supply system using an Ideal Gas Law.

4. The apparatus of claim 1, wherein the controller is further configured to determine an

initial atmospheric pressure from the pressure sensor.

5. The apparatus of claim 1, wherein the liquid delivery means comprises a fluid

reservoir and an actuator.

6. The apparatus of claim 5, wherein the actuator is electrically coupled to the controller
to provide the controller with an amount of actuation of the actuator and/or to provide the

controller with means to actuate the actuator.
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7. The apparatus of claim 1, wherein the controller is further configured to determine a
connection arrangement of the liquid delivery means to the liquid supply system and provide

a volume of compressible gas inside the determined connection arrangement.

8. The apparatus of claim 1, wherein the apparatus is an external test apparatus
configured to measure the volume of compressible gas in a printing fluid supply system of a

printer and wherein the liquid supply system is the printing fluid supply system of the printer.

9. The apparatus of claim 5, wherein the fluid reservoir is a syringe mechanically
coupled to the actuator, wherein the actuator is configured to precisely control a position of

the syringe plunger.

10. A method, comprising:

configuring a liquid delivery means to deliver a known volume of liquid to a liquid
supply system;

determining a first pressure of the liquid supply system after the liquid delivery means
has delivered a first known volume of liquid into the liquid supply system;

determining a second pressure of the liquid supply system after the liquid delivery
means has delivered a second known volume of liquid into the liquid supply system; and

determining a volume of compressible gas trapped in the liquid supply system from

the second known volume of delivered liquid and the first and second pressures.

11. The method of claim 10, further comprising using an initial pressure in determining

the volume of compressible gas trapped in the liquid supply system.

12. The method of claim 10, further comprising measuring an initial pressure of the liquid

supply system.

13. The method of claim 10, wherein determining the volume of compressible gas

trapped in the liquid supply system comprises using an Ideal Gas Law in the determining.

14. The method of claim 10, further comprising determining an arrangement of the liquid

supply system and determining a volume of gas trapped in the determined arrangement.

15. A printing system, comprising:
liquid delivery means fluidly couplable to a printing fluid supply circuit of the printing

system to deliver known volumes of printing fluid to the printing fluid supply circuit;
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a pressure sensor fluidly couplable to the printing fluid supply circuit and configured

to measure pressure in the printing fluid supply circuit; and
a controller electrically coupled to the pressure sensor and configured to:

determine a first pressure of the printing fluid supply circuit from the pressure sensor
after the liquid delivery means has delivered a first known volume of printing fluid into the

printing fluid supply circuit;

determine a second pressure of the printing fluid supply system from the pressure
sensor after the liquid delivery means has delivered a second known volume of liquid into

the printing fluid supply circuit; and

determine a volume of compressible gas in the printing fluid supply circuit from the
second known volume of printing fluid and the first and second pressures and an initial

pressure.
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