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function of sampling equipment is disclosed, wherein said method comprises
the steps of: a) providing a pump assembly (1) comprising an inlet (2) and an
outlet (3), a flow channel (4) extending between said inlet (2) and outlet (3),
a pump located along said flow channel (4) adapted to force an gas flow
through said flow channel (4), a first mass tlow sensor (6)located inside said
flow channel (4), a first pressure sensor (7) located near said first mass flow
sensor (6) adapted to measure a first pressure inside said flow channel (4),
and a second pressure sensor (8) located outside said flow channel (4), said
second pressure sensor (8) being adapted to measure a second pressure being
the ambient atmospheric pressure, b) calculating the pressure difference
between said first pressure and said second pressure ¢) calculating any etrror
in an output signal from the mass flow meter by comparing said pressure dif-
ference with a value in a pre-calibrated table of mass flow output signal val-
ues as a function of said pressure difference, d) providing an etrror signal
comprising a value of said calculated error if said value of said calculated er-
ror is above a predetermined threshold. The invention further relates to al-
ternatives to said method.
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METHOD FOR VERIFYING CORRECT FUNCTION OF
SAMPLING EQUIPMENT

Technical Field

The present invention relates generally to a method for verifying
correct function of sampling equipment. More particularly, the present
invention relates to a method for verifying correct function of sampling
equipment as defined in claim 1, 4 and 5.

Background Art

There is a clear demand for the monitoring of air-borne compounds
that can have health effects on exposed individuals. A great interest exists for
compounds that have occupational exposure limit values, set by governmen-
tal bodies, to ensure that the levels of such compounds are satisfactory low.
In many cases, it is not known what the air contaminants consist of and for
this reason, it is of interest to learn more details about the nature of these
“‘unknown” compounds and to reveal the identity of the most predominate
ones. Another field of interest is to study and check the effect of measures
with a view to reducing these levels in air, e.g. to check the “true” ventilation
efficiency or other measures to control the air levels. Devices for this purpose
can also be used for the monitoring of the quality of compressed air and air in
respiratory protective devices. Other fields of application for such devices are
e.g. the control of different volatile compounds present in food. Such com-
pounds can be used as markers for degradation of certain food components
or to monitor raw materials to ensure a satisfactory quality. Such devices may
also be used to ensure that other compounds have not contaminated to food.
In hospitals, such devices can be used to check the air levels of e.g. narcosis
gases and to ensure that the personnel, patients or others are not exposed to
toxic levels. Chemical warfare agents are compounds that need to be check-
ed for in order to reveal the presence thereof and to ensure that individuals
are not exposed.
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In environmental analysis there is a need to monitor the quality of air in
cities, public places and in the nature. One purpose is to obtain background
data for statistical studies and to check if the levels are below the levels set
by national and international bodies. They can also be used to check if the
emission of industrial pollutants results in exposure in the nature or in popu-
lated areas. The achieved data can have an impact on decisions and inter-
pretation of a certain situation. There is therefore a demand of a satisfactory
high quality of the data.

There are many examples of air pollutants that occur in both gas and
particle phase. Of special interest are the size fractions that have the ability to
reach the lower respiratory tract. There are reasons to believe that the
toxicology is different depending on not only the chemistry as such but also
on the distribution on different target organs in the body of humans. There is a
need to know more about the exposure to the respirable particle fraction
present in air.

Numerous devices exist for the monitoring of air-borne compounds and
there is a great variety of technology used. In principle, the devices can be
grouped in selective and non-selective devices. Non-selective devices give a
response for several compounds and do not differentiate between two or
several compounds and may also result in false positive results. Such devices
are today still used, possibly due to the low cost. In many applications, false
positive results can give rise to a high cost for the user, if costly measures are
performed from invalid data.

Selective devices give a certain response for a selected compound or
a group of compounds. Other present compounds do not interfere with the
result. The frequency of false positive results will be much less as compared
to non-selective monitoring. The quality of the data obtained is essential.
Typical factors that describe the quality of the data are: repeatability,
reproducibility, linearity (calibration graph characteristics with intercept and
background), detection limit and quantification limit. In addition, knowledge
regarding the interference from other compounds is necessary. It needs to be
mentioned that a certain compound can influence the result even if the
compound does not itself give rise to a response.
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There are several drawbacks with the present types of instruments. For
Photo lonization Detector (PID) and Flame lonization Detector (FID),
identification of the individual chemicals is not possible. PID and FID detect-
ors measure the sum of VOC (Volatile Organic Compounds). Infrared
detectors suffer from problems with inferences. IR detectors are not possible
to use when monitoring VOCs at low concentration when other interfering
compounds are present.

For direct monitoring using GC-PID (e.g. VOC71M from Environment
s.a.; www.environnementsa.com) and the GC-DMS instrument (e.g. Sionex
Inc., Bedford, MA, USA) there are limitations leading to inaccurate identifica-
tion and quantification of analytes, and external complementary pre or post-
calibration have to be made. For the existing products it is not possible to
perform calibration automatically in the field. Further, there are problems with
the occurrence of a non-linear relation between the sampling time and
determined concentrations, which thereby disables long time sampling if the
amount exceeds the calibration range. Further, when a volume is collected it
needs to be calibrated to a volumetric volume and possibly corrected for the
ambient temperature and air pressure. The sampling of a volume in a certain
sampling volume container or on a sorbent followed by thermal desorption (in
the case of a sorbent) and thereafter injecting the collected compounds on
the GC the chromatographic peaks will be broadened in a way that the
resolution of the chromatography will be affected.

A sampling device for analysis of air pollutants, more precisely polyure-
thane products, is disclosed in WO 00/75622, and further developments
thereof are disclosed in WO 2011/108981 and in WO 2007/129965. The
sampling devices, also called samplers, disclosed in these publications collect
the probed chemical in a two-step process. A fluid in which the amount of a
chemical is to be measured is pumped through the sampling device using a
controlled flow. The chemical substance of interest present in the gas phase
of the fluid is collected in an adsorption tube using a regent coated on the
surfaces present inside the tube. The flow of fluid is further pumped from the
adsorption tube to and through a filter impregnated with the same reagent.



WO 2014/209219 PCT/SE2014/050821

10

15

20

25

30

The chemical substance in solid form or adhered to particles in the fluid is
collected in the filter.

An important parameter in this area is the gas flow containing the
compound to detect, i.e. the analyte, in the apparatus used for the detection.
During the sampling of compounds in air it is of importance to be able to
control and log the flow and volume of the acquired amount of air through the
sampling device as there is a direct correlation between the contents in a
sample and the air volume collected. Taking several samples simultaneously
is also of importance for three reasons, more precisely for increasing the
accuracy of a certain sample, for detecting erroneous samples, and for
acquiring different compounds simultaneously. When handling sampling
results, it is also important to be able to track how the sample was collected,
the time, the flow, the temperature, the pressure, and the humidity.

Existing solutions to maintain a stable flow during sampling do not
prove to maintain a stable flow over time and require field calibration. The
flow speed needs to be calibrated before and after sampling to ensure that
the sampling speed is correct and have not changed over time. A logging
functionality is also often missing.

Some existing solutions where a differential pressure sensor indicates
if a change in the flow system back pressure has occurred, adjusts the pump
control signal to compensate for this. However, this solution has proven to
give drift errors over time, and a calibration with an external flow meter is
required in order to set a certain flow rate of its pump.

Another existing solution has a logging function, an ability to transfer
logged data to a PC, and an ability to control the flow via a display and
buttons. Tests on such pumps did not concur with its specifications, as the
pumps did not manage to keep a stable flow due to the fact that a sampler
inducing a certain backpressure was attached to it.

A problem with existing pump systems is that the flow sensors incorpo-
rated in them may fluctuate with the temperature of the flow sensor
electronics. Most flow sensors, using different techniques for the actual
measurement of gas flow, have an output voltage signal corresponding to the
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measured flow. The output signal is however easily affected by the
temperature of the electronic components in the flow sensor.

A further problem with the pumps for sampling purposes of the prior art
is that the calibration of the pump mass flow sensor and thereby its
measurement results is/are degraded relatively fast due to wear and
damages to the sensors of the pump and to the pump engine. The pumps are
often used in rough conditions at industrial work places and often outdoors.

In view of this, there is a great demand for an improved pump
assembly for monitoring devices for the above mentioned detection of air-
borne compounds, and for a pump that has the ability to deliver adequate
pumping performance required for accurate measurements.

In that context there is further a demand for automatically detection of
defects in sampling equipment e.g. in a pump assembly and a sampling
device, or other devices used in sampling.

Summary of the Invention

It is an object of the present invention to improve the current state of
the art, to solve the above problems, and to provide an improved method for
the detection of defects in sampling equipment. These and other objects are
achieved by a method for verification of correct function of sampling
equipment, wherein said method comprises the steps of

a) providing a pump assembly comprising an inlet and an outlet, a flow
channel extending between said inlet and outlet, a pump located along said
flow channel adapted to force a gas flow through said flow channel, a first
mass flow sensor located inside said flow channel, a first pressure sensor
located near said mass flow sensor adapted to measure a first pressure
inside said flow channel, a second pressure sensor located outside said flow
channel, said second pressure sensor being adapted to measure a second
pressure being the ambient atmospheric pressure,

b) calculating the pressure difference between said first pressure and

said second pressure,
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c¢) calculating any error in an output signal from the mass flow meter by
comparing said pressure difference with a value in a pre-calibrated table of
mass flow output signal values as a function of said pressure difference, and

d) providing an error signal comprising a value of said calculated error
if said value of said calculated error is above a predetermined threshold.

By measuring the difference between the pressure in the flow channel
and the ambient pressure, the thereby induced error in a mass flow
measurement is calculated. When no equipment is attached to the pump
assembly, and the back pressure thus is known, the output signal from the
first mass flow sensor (6) may be adjusted if the calculated error is below said
predetermined threshold . The resulting mass flow signal will be a
combinationof the mass flow signal from the first mass flow sensor and the
mass flow calculated as a function of said pressure difference, e.g. a
weighted mean. The error occurs due to that the mass flow sensor in the
pump assembly has been calibrated at a certain pressure. However, when
the pump assembly is used with external equipment, a backpressure from
connected equipment may cause the pressure inside the flow channel of the
pump assembly to change. Using the inventive method, this error can be
measured and the value thereof is provided via an error signal. The error
signal with the value of the error may be used for adjusting the output signal
from the mass flow sensor to compensate for the calculated error. In that way
the pump assembly will measure the correct mass flow and be able to pump
the correct volume flow through the equipment it is connected to, regardless
of backpressure values affecting the mass flow meter. A correct flow
measurement is especially important when the pump assembly is connected
to a sampling device, through which the gas flow is drawn by use of the pump
assembly.

The sampling device is used for sampling of analytes in the gas flow.
An efficient and controlled sampling of both gas and particles in the gas flow
is required, e.g. to control the concentration of hazardous compounds in gas
at a work place or public area. The sampling device has the ability to
differentiate between the analyte present in the gas phase and/or in the
particle phase of the gas flow. Such a sampling device having this diffe-
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rentiating ability is disclosed in WO 00/75622 and in US-2006-0239857, which
documents are hereby included by reference.

The gas that is to be measured and forced through the pump is e.g.
breathing air, modified breathing air, helium, hydrogen, nitrogen, oxygen,
argon, or mixtures thereof.

According to one aspect of the invention a method is provided for
verification of correct function of sampling equipment, wherein said method
comprises the steps of:

a) providing a pump assembly (1) comprising: an inlet (2) and an outlet
(3), a flow channel (4) extending between said inlet (2) and outlet (3), a pump
located along said flow channel (4) adapted to force a gas flow through said
flow channel (4), a pump operational speed sensor (11), a first mass flow
sensor (6) located inside said flow channel (4), a first pressure sensor (7)
located near said first mass flow sensor (6) adapted to measure a first
pressure inside said flow channel (4), and a second pressure sensor (8)
located outside said flow channel (4), said second pressure sensor (8) being
adapted to measure a second pressure being the ambient atmospheric
pressure;

b) measuring a first property being any one of the three properties: a
mass flow using the first mass flow sensor (7), a differential pressure using
said first pressure sensor and said second pressure sensor, and a pump
operational speed using said pump operational speed sensor (11);

c) measuring a second property of said three properties, the second
property being different from the first property;

c) calculating an approximated value of the third property not
measured in a) and b) from the properties measured in a) and b);

d) measuring the third property not measured in a) and b);

e) calculating a difference between the approximated value of the third
property and the measured value of the third property;

f) providing an error signal indicating that said sampling equipment
does not function correctly if said calculated difference exceeds a
predetermined value. The error signal thus indicates that at least one of the

sensors measuring the mass flow, differential pressure, or pump operational
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speed is malfunctioning, i.e. a relationship between Flow, differential
Pressure, and pump operational Speed (called the FPS relationship). A
sudden deviation of above about 5% from a previous measured value in a
measurement session, e.g. measured one second to 10 minutes ago,
indicates malfunction. If the error signal indicates an error of more than 10%
deviation from values set at the factory calibration, but deviates less than 5%
from recent measurements, the error is probably due to wear and tear of the
pump assembly. Both of these error types are preferably displayed for the
operator of the pump assembly. The ability to measure the flow using the
pump operational speed creates the opportunity to check that the mass flow
sensor measurement results are close to expected values. This check is
preferably made when starting up the pump before the measurements so that
a malfunctioning mass flow sensor is detected before measurements have
been conducted. As pointed out above, e.g. a measurement using a sampling
device for gas contamination measurements requires an accurate flow value
through the sampler to be able to calculate a concentration of the
contamination in the gas. A measurement taken made using a pump with a
malfunctioning flow sensor is therefore useless. Thus, it is essential to detect
such an error before sometimes time consuming measurements are
conducted.

As the pump assembly via the pump operational speed sensor has the
ability to measure the mass flow, in the ideal case producing the same value
as the first mass flow sensor does, if compensated by the measured pressure
deviation in the flow channel compared to the ambient pressure. If the first
mass flow sensor is not corrected, any deviations between flow
measurements will be due to a pressure difference between the flow channel
and the ambient atmosphere. A value of the pressure difference can thus be
calculated by a difference between the flow estimated by the pump
operational speed sensor and the flow measured with the first mass flow
sensor. If the measured pressure, as measured with the ambient pressure
sensor and the first pressure sensor inside the flow channel, differs from the
calculated pressure difference, one of the pressure sensors is likely
damaged. A warning can then be provided to an operator of the pump
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assembly. The operational speed may be the rotational speed of the pump
engine. In case of a rotary pump, the rotational speed may be the rotation
speed of the pump rotor.

According to a further aspect of the invention a method is provided for
verification of correct function of sampling equipment, wherein said method
comprises the steps of:

a) providing a pump assembly (1) comprising an inlet (2) and an outlet
(3), a flow channel (4) extending between said inlet (2) and outlet (3), a pump
located along said flow channel (4) adapted to force a gas flow through said
flow channel (4), a pump operational speed sensor (11), a pump current
consumption sensor (16) measuring a power consumption of said pump, a
first mass flow sensor (6) located inside said flow channel (4), a first pressure
sensor (7) located near said first mass flow sensor (6) adapted to measure a
first pressure inside said flow channel (4), and a second pressure sensor (8)
located outside said flow channel (4), said second pressure sensor (8) being
adapted to measure a second pressure being the ambient atmospheric
pressure,;

b) measuring a first property being any one of the three properties: a
pump current consumption sing said pump current consumption sensor (16),
a differential pressure using said first pressure sensor and said second
pressure sensor, and a pump operational speed using said pump operatinoal
speed sensor (11);

c) measuring a second property of said three properties, the second
property being different from the first property;

d) calculating an approximated value of the third property not
measured in a) and b) from the properties measured in a) and b);

e) measuring the third property not measured in a) and b);

f) calculating a difference between the approximated value of the third
property and the measured value of the third property;

g) providing an error signal indicating that said sampling equipment
does not function correctly if said calculated difference exceeds a
predetermined value.
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The error signal thus indicates that at least one of the sensors
measuring the differential pressure, pump current consumption or pump
operational speed is malfunctioning, i.e. a relationship between pump Current
consumption, differential Pressure, and pump operational Speed (named the
CPS relationship). A sudden deviation of above about 5% from a previous
measured value in a measurement session, e.g. measured one second to 10
minutes ago, indicates malfunction. If the error signal indicates an error of
more than 10% deviation from values set at factory calibration, but deviates
less than 5% from recent measurements, the error is probably due to wear
and tear of the pump assembly. Both of these error types are preferably
displayed for the operator of the pump assembly.

According to a further aspect of the invention the above-mentioned
methods (the methods relating to the FPS and CPS relationships) further
comprises the steps of:

a) if the method relating to the FPS relationship provides an error
signal and also the method relating to the CPS relationship provides an error
signal, providing a third error signal indicating that the pressure sensor or the
pump is damaged;

b) if the method relating to the FPS relationship provides an error
signal while the method relating to the CPS relationship does not provide an
error signal, providing a fourth error signal indicating uncertain flow
measurements; and

c) if the method relating to the FPS relationship does not provide an
error signal while the method relating to the CPS relationship provides an
error signal, providing a fifth error signal indicating an error in the pump.

By measuring the mass flow using the mass flow sensor, estimating
the flow by the pump operational speed, measuring said differential pressure
and estimating the differential pressure using the pump current consumption it
is possible to not only detect a measurement error, but also decide which
sensor is malfunctioning. That is, by coupling the FPS relationship and the
CPS relationship, the sensor being the source to the error can be determined

and may be presented to a user or logged for later evaluation.
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According to a further aspect of the invention the pump assembly
further comprises an inlet filter, and an outlet filter, and the method further
comprises the step of providing an error signal if the calculated pressure
difference is below a pre-determined value, thereby indicating a broken inlet
or outlet filter of the pump assembly. A sudden deviation of more than about
5% from a previous measured value in a measurement session, e.g.
measured one second to 10 minutes ago, indicates malfunction. If the error
signal indicates an error of more than 30% deviation from values set at the
factory calibration, but deviates less than 5% from recent measurements, the
error is probably due to wear and tear of the pump assembly. Both of these
error types are preferably displayed for the operator of the pump assembly.
By detecting broken filters before measurements are initiated, the pump
assembly is saved from wear and extra service. Thereby costs can be saved.

Regarding the aspect of the invention where a sampling device is
connected to the pump assembly, the invention comprises the further steps of
providing an error signal if the calculated pressure difference exceeds a pre-
determined value, thereby indicating a clogged or blocked sampling device,
and providing an error signal if the calculated pressure difference is below a
pre-determined value, thereby indicating a broken and/or leaking sampling
device. If the pressure difference is more than 10% lower than expected, an
indication is provided that the sampler is leaking. This feature makes it
possible to detect broken sampling devices, which is an essential feature
when measurements are taken at remote locations e.g. where it is expensive
or even impossible to return and redo the failed measurement. The value of
the calculated pressure difference may also be used to estimate which type of
sampling device is connected since different types of sampling devices
present different back pressure to the pump assembly. If the sampling device
type is possible to determine, the pump assembly may use pre-set values for
flow and measurement times specific to the type of sampling device that is
used.

Regarding a further aspect of the invention where a sampling device is
connected to the pump assembly, the method may further comprise the steps
of measuring the backpressure induced by the sampling device, calculating
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its restriction and evaluating the condition of the sampling device, and logging
said restriction and said evaluated condition to a memory for information and
diagnostic purposes. The logged values may then be read at a later stage to
provide further information regarding the measurement made using the
sampling device.

According to a still further aspect of the invention the pump assembly
comprises an ambient temperature sensor, wherein the method further
comprises the step of measuring the ambient temperature with the ambient
temperature sensor, measuring the temperature in the flow channel using a
reference temperature measurement provided by the mass flow sensor,
calculating the temperature difference between the measured ambient
temperature and the measured reference temperature in the flow channel,
and providing an error signal if the calculated temperature difference is above
a predetermined threshold. The ambient temperature sensor may be used to
increase the accuracy of the correction of the flow measurement value when
e.g. converting the mass flow to a volume flow. The above method makes it
possible to detect if either the ambient temperature sensor or the reference
temperature sensor of the mass flow meter is broken. The method may
further comprise the step of providing the option of manually setting the
ambient temperature to a certain value. If the above method indicate that the
ambient temperature sensor is broken, the temperature value to be used in
calculations may be set manually by the operator of the pump assembily, e.qg.
by looking at a normal thermometer close by or checking the weather
forecast.

According to a still further aspect of the invention the pump assembly
further comprises an ambient temperature sensor, wherein the method further
comprises the step of calculating the volumetric flow from the measured mass
flow and the measured ambient temperature by use of the ideal gas law. This
is an important step in the process of sampling of the gas contamination
concentration, as it is impossible to calculate a concentration without a value
of the measured volume (corresponding to the volume flow times the
measurement time).
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According to a still further aspect of the invention a second mass flow
sensor is detachably connected to said outlet or inlet. This is followed by
measuring a first mass flow with the first mass flow sensor and a second
mass flow with the second mass flow sensor, calculating the difference
between the values of said first and second mass flows, and providing an
output signal representing said calculated difference. If such a reference
measurement produces an error signal, the first mass flow meter of the pump
assembly has to be re-calibrated. This can, however, be achieved
automatically by adjusting the output signal of the first mass flow meter to
compensate for said calculated difference. The external mass flow sensor
may be connected via a USB port in the pump assembly and thereby be
controlled by the CPU of the pump assembly. The external mass flow sensor
may optionally also be built into the pump assembly, and only be used for
occasionally checking the calibration of the first mass flow meter.

According to a still further aspect of the above-mentioned method at
least one of the values of the ambient temperature, first mass flow, second
mass flow, first pressure, second pressure, reference temperature and
calculated errors is/are logged by writing the time and value to a memory
comprised in said pump assembly. Logging of values relating to the pump
operation makes it possible to look back if e.g. a sampling of air pollution
produces an unreasonable result. The log files of the pump assembly may be
checked for deviating values. If such a deviating value is found it may be
possible to compensate for any error and still use the sampling without having
to redo it.

According to a still further aspect of the above-mentioned method one
or more pump assemblies are communicatively connected to a controlling
device. The pump assemblies may also or alternatively be communicatively
connected to each other. Measurement results may then be compared
between different pump assemblies presenting further possibilities of
detecting whether the pump assembly sensors functions correct or not. The
communicatively connection may be achieved wireless over e.g. WLAN,
Bluetooth or Zigbee, or wired over e.g. USB or Ethernet.
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According to a further aspect of the invention said pump assembly
further comprises a CPU (central processing unit), and a memory, wherein all
method steps are instructions in a computer program stored on said memory,
said computer program being executed by said CPU, and wherein all
calculations steps are performed by use of said CPU.

Generally, all terms used in the claims are to be interpreted according
to their ordinary meaning in the technical field, unless explicitly defined
otherwise herein. All references to “a/an/the [element, device, component,
means, step, etc.]” are to be interpreted openly as referring to at least one
instance of said element, device, component, means, step, etc., unless
explicitly stated otherwise. The steps of any method disclosed herein do not
have to be performed in the exact order disclosed, unless explicitly stated.

As used herein, the term “comprising” and variations of that term are
not intended to exclude other additives, components, integers or steps.

Brief Description of the Drawings

The above objects, as well as additional objects, features and
advantages of the present invention, will be more fully appreciated by
reference to the following illustrative and non-limiting detailed description of
preferred embodiments of the present invention, when taken in conjunction
with the accompanying drawings, wherein:

Fig. 1 is a schematic illustration of the pump assembly of the present

invention.

Fig. 2 is a flow chart showing how the mass flow sensor measurements
may be corrected by knowing the pressure difference between the flow
channel and the ambient atmosphere. The chart further shows how the
method may be used for determining broken filters on the pump assembly, for
detecting a clogged or broken sampling device, attached to the pump

assembly, and for detecting leakage in the sampling device.
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Fig. 3 is a flow chart showing how a relationship between the
operational speed sensor of the pump, a measurement of the differential
pressure between the first and second pressure sensors and the mass flow

sensor can be used for detecting errors in the mass flow detector.

Fig. 4 is a flow chart showing how a relationship between the pump
current consumption, a measurement of the differential pressure between the
first and second pressure sensors and the operational speed sensor can be

used for detecting errors in said measurements.

Fig. 5 is a flow chart showing how an ambient temperature sensor can
be used together with the pressure sensors, and an internal temperature
sensor located in the flow channel provided by the mass flow sensor of the

pump assembly for detecting errors in temperature measurement.
Fig. 6 is a flow chart showing how an additional external mass flow
sensor can be used to detect calibration errors of the mass flow sensor in the

pump assembly and how the calibration can be corrected if needed.

Fig. 7 is a flow chart showing how the sensors in the pump assembly

can be used to discover errors in measured values.

Fig. 8 is a principal sketch of the correlation between the relationships
described in Fig. 3 and Fig. 4.

Detailed Description of Preferred Embodiments of the Invention

The pump assembly 1 according to the present invention is defined as
a pump 5, e.g. a rotational vane pump or a membrane pump, but any suitable
pump is feasible, and equipment 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 for
making the pump to produce an accurately determined flow, as required for a
sampling measurement. Fig. 1 is a schematic illustration of the pump
assembly 1 according to one embodiment of the present invention. The pump
assembly 1 has a flow channel 4 having an inlet 2 and an outlet 3. Gas, e.g.
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in the form of breathing air or modified breathing air, is drawn through the flow
channel 4 by a pump 5. The pump can be of any sort that is able to stand the
back pressure of connected equipment, e.g. a rotary vane pump or a
membrane pump. The mass flow of gas flowing through the flow channel 4 is
measured by a mass flow sensor 6. Adjacent to the mass flow sensor6 is a
first pressure sensor 7, measuring the pressure in the flow channel 4. A
second pressure sensor 8 is located on the outside of said flow channel 4 and
said pump assembly 1. The second pressure sensor 8 thus measures the
ambient pressure. The pump assembly is controlled by a CPU 9, wherein the
CPU 9 uses a memory 10 to store control algorithms and data. The pump 5
has a operational speed sensor 11, measuring the motor speed of the pump.
The pump assembly 1 is further equipped with an ambient temperature
sensor 12, measuring the ambient temperature. The pump assembly further
has a display 13 for presenting information and options to an operator of the
pump assembly. The display is preferably a touch display to provide
interaction with the pump assembly. In case of a non-touch display, buttons
(not shown) are present near the display. The flow channel 4 of the pump
assembly 1 further has an inlet filter 14 and an outlet filter 15.

The pump assembly in Fig. 1 further has a communication unit 16
providing means for communication with other units, as e.g. another pump
assembly, a computer or any other equipment that could be useful to connect
to the pump assembly. The communication may be via USB, wired network,
or wireless network such as Bluetooth or WLAN.

Fig. 2 is a flow chart showing how the mass flow sensor 6
measurements may be corrected by knowing the pressure difference between
the flow channel 4 and the ambient atmosphere, leading to increased
accuracy when measuring during e.g. a sampling of air. The chart further
shows how the method may be used for determining broken filters 14, 15 on
the pump assembly. When starting the pump assembly 1 and before
attaching any equipment to the pump assembly 1, such as a sampling device
(not shown), the operator is presented with the choice of checking if the inlet
filter 14 or the outlet filter 15 is OK. This may e.g. be presented to the user at
the startup of the pump assembly 1. The CPU 9 will start the pump and
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calculate the pressure difference between the two pressure sensors. If the
pressure difference is less than expected, i.e. less than a predetermined
threshold, the display will alert the operator of the pump assembly 1 that a
possible filter damage has occurred.

The same principle can be used for detecting leakage in the sampling
device. After attachment of a sampling device to the pump assembly, the
operator may, via the display 13, be presented with the choice to test the
sampling device for leakage, provided that the type of sampler used is known
to the pump assembly. The pressure difference is measured and if it is lower
than expected, i.e. lower than a predetermined threshold, the operator is
warned that a leakage in the sampling device or its coupling to the pump
assembly 1 is present. In the same way, if a sudden drop in back pressure
occurs during sampling, the pump assembly will indicate for the operator that
a leakage has occurred.

The same principle can in a similar way be used for detecting a
clogged or broken sampling device after attachment of such a device to the
pump assembly 1. After attachment of the sampler, the CPU 9 in the pump
assembly 1 will constantly look for too high pressure differences. If an
unexpected high pressure difference, or a back pressure, is detected, the
operator is told, via the display 13, that a probable clogging of or other
damage to the filter has occurred.

Measured backpressure induced by the sampler may also be used for
calculating the restriction and evaluating the condition of the sampling device.
The restriction and the estimated condition of the sampling device are logged
to a memory as part of sampling information and diagnostics.

Fig. 3 is a flow chart showing how a operational speed sensor 11 of the
pump 5 can be used together with the pressure sensors and the mass flow
sensor of the pump assembly 1 for detecting errors in any one of these
sensors. This can be done in three ways.

The CPU 9 uses the operational speed to calculate a flow and checks
the measured temperature difference between the two pressure sensors 7, 8.
The CPU 9 then knows the value to expect from the mass flow sensor 6 (the

expected value is not corrected for the pressure difference). If the expected
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mass flow measured by the mass flow sensor 6 differs from the expected by
more than a certain threshold, the operator will warned that at least one
sensor is damaged and/or need recalibration, the error message being
dependent on the magnitude of the detected error.

The CPU 9 uses the pump operational speed to calculate a flow. The
flow should be equal to the measured mass flow as measured by the mass
flow sensor 6, when corrected for the pressure difference. The difference
between the calculated flow obtained from the operational speed sensor 11
and the mass flow measured by the mass flow sensor 6 can thus be used to
check if the differential pressure measurement is reasonable. If the differential
pressure deviate more than expected, i.e. more than a pre-determined
threshold, the operator is provided with an error message indicating at least
one damaged sensor.

The CPU 9 can calculate a corrected mass flow from the signal from
the mass flow sensor 6 and the measurement of the pressure difference. That
value should be equal to a calculated flow calculated using the operational
speed sensor 11. If the latter differs more than a predetermined amount from
the corrected mass flow sensor reading, an error signal that at least one
sensor is damaged is presented to the operator.

Fig. 4 is a flow chart showing how a relationship between the pump
current consumption, a measurement of the differential pressure between the
first and second pressure sensors and the operational speed sensor can be
used for detecting errors in said measurements. In analogy with the described
method of Fig. 3, a malfunctioning sensor can be detected by calculating the
third property from measurements of the other two and compare the
calculated property with a measurement using the sensor for that property. If
the calculated value of the third property differs more than a predetermined
value from the measured value for the third property, an indication that at
least one of the sensors for the three properties is malfunctioning and need
maintenance or recalibration.

Fig. 5 is a flow chart showing how an ambient temperature sensor 12
can be used together with the pressure sensors 7,8, and an internal
temperature sensor located in the flow channel provided by the mass flow
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sensor 6 of the pump assembly 1 for detecting errors during a temperature
measurement. If an error is detected it is displayed to the operator of the
pump assembly 1.

Fig. 6 is a flow chart showing how an additional external mass flow
sensor (not shown) can be used to detect calibration errors of the mass flow
sensor 6 in the pump assembly 1 and how the calibration can be corrected if
needed. The external mass flow sensor is attached to the inlet 2 or outlet 3 of
the pump assembly 1 to be able to measure the same flow as the first mass
flow sensor 6. The external mass flow sensor (not shown) is preferably
connected via a USB port (17) in the pump assembly 1 and is controlled by
the CPU 9.

Fig. 7 is a flow chart showing how the relationships of the methods
described under Figs. 3 and 4 can be used in combination to discover
measurement errors and further also estimate what sensor is causing the
error. The method utilizing the relationship between the three properties, i.e.
pump current consumption, differential pressure as measured by the first and
second pressure sensors, and the pump operational speed (the CPS-
relationship) is utilized together with the method using the relationship
between the three properties, i.e. the mass flow, differential pressure as
measured by the first and second pressure sensors, and the pump
operational Speed, (the FPS-relationship). If neither of the methods using the
CPS and FPS relationships indicates sensor error, the system is considered
to be in good shape. If only the method using the CPS relationship indicates
an error, the error is likely to be in the pump. If only the method using the FPS
relationship indicates an error, the error is likely to be in the mass flow sensor.
If both the methods using the CPS and the FPS relationships indicate error, it
is likely that the pressure sensor or the pump sensor is malfunctioning.
However, an error in the mass flow sensor cannot be excluded. By comparing
how much every measured property deviates from calculated values using
other sensors and in which direction the values deviate, the source to the fault
condition may in most cases be identified.

Fig. 8 is a principal sketch showing how the FPS and the CPS
interrelate with each other. If the an error is detected in one the FPS triangle
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sensors, the CPS triangle can be used to find out which one of the sensors
that has an error. Analogously, if an error is detected in one of the CPS
triangle sensors, the CPS triangle can be used to find out which one of the
sensors that has an error in accordance with the method described under
Fig. 7.

It is understood that other variations in the present invention are
contemplated and in some instances, some features of the invention can be
employed without a corresponding use of other features. Accordingly, it is
appropriate that the appended claims be construed broadly in a manner

consistent with the scope of the invention.
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CLAIMS

1. A method for verification of correct function of sampling equipment,
wherein said method comprises the steps of:
a) providing a pump assembly (1) comprising

- aninlet (2) and an outlet (3),

- a flow channel (4) extending between said inlet (2) and outlet (3),

- a pump located along said flow channel (4) adapted to force a gas
flow through said flow channel (4),

- a first mass flow sensor (6) located inside said flow channel (4),

- a first pressure sensor (7) located near said first mass flow sensor (6)
adapted to measure a first pressure inside said flow channel (4), and

- a second pressure sensor (8) located outside said flow channel (4),
said second pressure sensor (8) being adapted to measure a second
pressure being the ambient atmospheric pressure,
b) calculating the pressure difference between said first pressure and said
second pressure,
c) calculating any error in an output signal from the first mass flow meter (6)
by comparing said pressure difference with a value in a pre-calibrated table of
mass flow output signal values as a function of said pressure difference, and
d) providing an error signal comprising a value of said calculated error if said

value of said calculated error is above a predetermined threshold .

2. The method according to claim 1, further comprising the step of
adjusting the output signal from the first mass flow sensor (6) if the
calculated error is below said predetermined threshold..

3. The method according to claim 1 or 2, wherein the pump assembly
(1) is connected to a sampling device, through which the gas flow is drawn by
use of the pump assembly (1).

4. A method for verification of correct function of sampling equipment,
wherein said method comprises the steps of:



WO 2014/209219 PCT/SE2014/050821

10

15

20

25

30

22

a) providing a pump assembly (1) comprising

- aninlet (2) and an outlet (3),

- a flow channel (4) extending between said inlet (2) and outlet (3),

- a pump located along said flow channel (4) adapted to force a gas
flow through said flow channel (4),

- a pump operational speed sensor (11),

- a first mass flow sensor (6) located inside said flow channel (4),

- a first pressure sensor (7) located near said first mass flow sensor (6)
adapted to measure a first pressure inside said flow channel (4),

- a second pressure sensor (8) located outside said flow channel (4),
said second pressure sensor (8) being adapted to measure a second
pressure being the ambient atmospheric pressure;

b) measuring a first property being any one of the three properties:

- a mass flow using the first mass flow sensor (7),

- a differential pressure using said first pressure sensor and said
second pressure sensor, and

- a pump operational speed using said pump operational speed sensor
(11);

c) measuring a second property of said three properties, the second property
being different from the first property;

d) calculating an approximated value of the third property not measured in b)
and c) from the properties measured in b) and c);

e) measuring the third property not measured in b) and ¢);

f) calculating a difference between the approximated value of the third
property and the measured value of the third property,

g) provide an error signal indicating that said sampling equipment does not
function correctly if said calculated difference exceeds a predetermined value.

5. A method for verification of correct function of sampling equipment,
wherein said method comprises the steps of:
a) providing a pump assembly (1) comprising

- aninlet (2) and an outlet (3),

- a flow channel (4) extending between said inlet (2) and outlet (3),



WO 2014/209219 PCT/SE2014/050821

10

15

20

25

30

23

- a pump located along said flow channel (4) adapted to force a gas
flow through said flow channel (4),

- a pump operational speed sensor (11),

- a pump current consumption sensor (16) measuring a current
consumption of said pump,

- a first mass flow sensor (6) located inside said flow channel (4),

- a first pressure sensor (7) located near said first mass flow sensor (6)
adapted to measure a first pressure inside said flow channel (4),

- a second pressure sensor (8) located outside said flow channel (4),
said second pressure sensor (8) being adapted to measure a second
pressure being the ambient atmospheric pressure;

b) measuring a first property being any one of the three properties:

- a pump current consumption using said pump current consumption
sensor (16),

- a differential pressure using said first pressure sensor and said
second pressure sensor, and

- a pump operational speed using said pump operational speed sensor
(11);

c) measuring a second property of said three properties, the second property
being different from the first property;

d) calculating an approximated value of the third property not measured in b)
and c) from the properties measured in b) and c);

e) measuring the third property not measured in b) and ¢);

f) calculating a difference between the approximated value of the third
property and the measured value of the third property,

g) providing an error signal indicating that said sampling equipment does not
function correctly if said calculated difference exceeds a predetermined value.

6. Method according to claim 4 and 5, further comprising the steps of:

a) if the method according to claim 4 (FPS relationship) provides an
error signal and also the method according to claim 5 (CPS relationship)
provides an error signal, providing a third error signal indicating that the
pressure sensor (7) or the pump (4) is damaged;
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b) if the method according to claim 4 (FPS relationship) provides an
error signal while the method according to claim 5 (CPS relationship) does
not provide an error signal, providing a fourth error signal indicating uncertain
flow measurements; and

c) if the method according to claim 4 (FPS relationship) does not
provide an error signal while the method according to claim 5 (CPS
relationship) provides an error signal, providing a fifth error signal indicating
an error in the pump (4).

7. The method according to any one of the preceding claims, wherein
said pump assembly (1) further comprises an inlet filter (14), and an outlet
filter (15), and wherein the method further comprises the step of

providing an error signal if the calculated pressure difference is below a
pre-determined value, thereby indicating a broken inlet (14) or outlet filter (15)
of the pump assembly (1).

8. The method according to claim 3, further comprising the steps of
providing an error signal if the calculated pressure difference exceeds a pre-
determined value, thereby indicating a clogged or blocked sampling device,
and providing an error signal if the calculated pressure difference is below a
pre-determined value, thereby indicating a broken and/or leaking sampling

device.

9. The method according to claim 3, further comprising the steps of

measuring the backpressure induced by the sampling device,

calculating its restriction and evaluating the condition of the sampling
device, and

logging said restriction and said evaluated condition to a memory.

10. The method according to any one of the preceding claims, wherein
the pump assembly (1) further comprises an ambient temperature sensor
(12), wherein the method further comprises the step of:
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measuring the ambient temperature with the ambient temperature
sensor (12),

measuring the temperature in the flow channel (4) using a reference
temperature measurement provided by the mass flow sensor,

calculating the temperature difference between the measured ambient
temperature and the measured reference temperature in the flow channel (4)
by use of the CPU (9),

providing an error signal if the calculated temperature difference is
above a predetermined threshold.

11. The method according to claim 10, further comprising the step of
providing the option of manually setting the ambient temperature value to be

used in calculations to a certain value.

12. The method according to any one of claims 1-7, wherein the pump
assembly (1) further comprises an ambient temperature sensor (12), wherein
the method further comprises the step of calculating the volumetric flow from
the measured mass flow and the measured ambient temperature by use the

ideal gas law.

13. The method according to any one of the preceding claims, wherein
it further comprises the steps of:

detachably connecting a second mass flow sensor to said outlet (3) or
inlet (2),

measuring a first mass flow with the first mass flow sensor (6) and a
second mass flow with the second mass flow sensor,

calculating the difference between the values of said first and second
mass flows, and

providing an output signal representing said calculated difference.

14. The method according to claim 13, further comprising the step of
adjusting the output signal of the first mass flow meter to compensate for said
calculated difference.
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15. Method according to any one of the preceding claims, wherein said
pump assembly further comprises a memory (10) at least one of the values of
the ambient temperature, first mass flow, second mass flow, first pressure,
second pressure, reference temperature and any calculated error is/are
logged by writing the time and value to said memory (10).

16. Method according to any one of the preceding claims, wherein one
or more pump assemblies (1) are communicatively connected to a controlling
device.

17. Method according to any one of the preceding claims, wherein one

or more pump assemblies (1) are communicatively connected to each other.

18. Method according to any one of the preceding claims, wherein said
pump assembly further comprises:

-a CPU (9) (central processing unit), and

- a memory (10),wherein all method steps are instructions in a
computer program stored on said memory (10), said computer program being
executed by said CPU (9),

and wherein all calculations steps are performed by use of said
CPU (9).
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The following two separate inventions were identified:

Invention 1: Claims 1-3, 8-9 and 7,10-18 (as they refer to claim 1) directed to a method for
verification of correct function of sampling equipment performing measuring of a first
pressure inside a flow channel and of a second pressure being the ambient atmospheric
pressure, and calculating the pressure difference between these pressures, where this
difference is used for providing an error signal.

o

1. |:| As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2. & As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

|:| The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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Invention 2: Claims 4-6 and 7,10-18 (as they refer to claims 4 and 5) directed to a method
for verification of correct function of sampling equipment where the mentioned pressure
difference is used in combination with measuring of a mass flow and of a pump operational
speed, alternatively with measuring of a pump current consumption and a pump operational
speed to provide an error signal.

The present application has been considered to contain two inventions which are not linked
such that they form a single general inventive concept, as required by Rule 13 PCT for the
following reasons:

The single general concept of the present application is the teaching that the pressure
difference between the inner pressure and the atmospheric pressure is used to provide an
error signal, which is disclosed in document D1 (WO 2011108981).

Thus, the single general concept is obvious and cannot be considered as a single general
inventive concept in the sense of Rule 13.1 PCT.

No other features can be distinguished which can be considered as the same or
corresponding special technical features in the sense of Rule 13.2 PCT.

Thus, the application lacks unity of invention. However a search has been carried out for
both mentioned inventions.
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