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(57) Abstract: A method of controlling a powered air purifying respirator blower system to deliver a substantially uniform volu-
metric airflow to a user (6) includes the steps of determining one of (a) ambient air density or (b) ambient air temperature and am-
bient air pressure, and adjusting an electrical characteristic of the electric motor (22) in response to said determination and said at
least two calibration values. The powered air purifying respirator blower system may include a fan (21) powered by an electric
motor (22), the motor being controlled by an electronic control unit (23) for delivering a forced flow of filtered air to a user (06).
The electronic control unit (23) may include at least two calibration values for the electrical characteristics of the electric motor
(22) stored therein. The system may include at least one sensor (26) adapted to be in communication with the electronic control
unit and arranged to determine one of (a) ambient air density or (b) ambient air temperature and ambient air pressure.
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METHOD OF CONTROLLING A POWERED AIR PURIFYING RESPIRATOR

BACKGROUND
The present invention relates to a blower system, and method of controlling a

blower system, for use in a powered air purifying respirator (PAPR).

SUMMARY

When working in areas where there is known to be, or there is a risk of there being,
dusts, fumes or gases that are potentially hazardous or harmful to health, it is usual for the
worker to use a respirator. A common type of respirator used in such circumstances is a
powered air purifying respirator (PAPR). A PAPR has a blower system comprising a fan
powered by an electric motor for delivering a forced flow of air to the respirator user. A
turbo unit is a housing that typically contains the blower system, and is adapted to connect
a filter to the blower system. Air is drawn through the filter by the blower system and
passed from the turbo unit through a breathing tube to a headpiece, for example, a helmet
or headtop, thus providing filtered air to the user’s breathing zone (the area around their
nose and mouth). A blower system for a PAPR may also include an electronic control unit
to regulate the power driving the fan. Typically, a single power supply, for example a
battery, provides power for both the fan and the electronic control unit.

The electronic control unit can be used, for example, to control the power to the
electric motor with the aim of maintaining a substantially uniform volumetric airflow from
the blower. The term "volumetric air flow" indicates the volume of air provided to a user
at any one time as opposed to the mass of air provided to a user any one time. Sufficient
airflow is required by the user to ensure that the designated level of respiratory protection
is maintained. However, too high an airflow can cause discomfort and excessive cooling
to the user’s head inside the headpiece. Too low an airflow can cause ingress of
contaminants into the user’s breathing zone. The electronic control unit may also be used
to trigger alarms to the user, for example, to alert the user if the airflow falls below a
designated level, or to alert the user that the filters may be blocked with dust and need to
be replaced. It has previously been proposed to control the power to the fan motor of a

PAPR blower system in dependence on a combination of motor voltage, motor current and
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motor speed. Examples of blower control systems of that type are described in US
2008/0127979 and US 7,244,106.

US 2008/0127979 describes an electronic control system using a pulse width
modulation (PWM) ratio as a control variable to generate a specific motor speed and a
respective airflow. The PWM ratio is read from a calibration curve stored in the
electronic control system.

US 7,244,106 describes a control unit that detects the power consumption of the
motor and the speed of the fan and compares this with a characteristic curve, stored in a
memory, for the motor for a given airflow from the fan. In the event of a deviation from
this characteristic curve, the control unit regulates a change in the voltage supplied to the
motor to maintain a constant airflow.

A predetermined volumetric airflow of filtered air is usually intended to be
delivered to the user of a PAPR to give a certain level of protection from the ingress of
particles or gases into their breathing zone. Currently available systems often provide a
volumetric airflow that is much higher than is actually needed, rather than risk a situation
where too little air is provided. A higher airflow usually means that the battery life
between charges is reduced or that larger batteries are required, as more power is
consumed to provide the higher airflow. Filter life is also reduced by providing a higher
airflow as excess contaminated air is moved through the filters leading to unnecessary
filtering and premature clogging or saturation of the filters. As filters are consumable and
require replacement many times over the lifetime of the PAPR, this can lead to higher
running costs. A further problem is that in many PAPRs a low airflow alarm is required,
alerting the user to the fact that the airflow has fallen below a predetermined level. Where
an inaccurate airflow measuring or control system is used, the alarm level is often set at an
artificially high level to ensure that the user is always safe. This in turn can lead to filters
being changed too frequently or the user leaving the workplace unnecessarily. Hence it
can be seen that more accurate control of the airflow at a particular volumetric airflow can
lead to improved battery lives between charges or the use of smaller and lighter batteries,
improved filter life and reduction of premature low airflow alarms. All of these factors
can also lead to the improved productivity of the user. It is desirable therefore to use a
method of controlling a PAPR that minimizes such issues whilst maintaining or improving

the overall functionality of the PAPR.
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Embodiments of the present invention aim to address these problems by providing
a method of controlling a powered air purifying respirator blower system to deliver a
substantially uniform volumetric airflow to a user, the system comprising a fan powered
by an electric motor, controlled by an electronic control unit for delivering a forced flow
of filtered air to a user, and the electronic control unit having at least two calibration
values for the electrical characteristics of the electric motor stored therein, comprising the
steps of: determining one of (a) ambient air density or (b) ambient air temperature and
ambient air pressure; and adjusting an electrical characteristic of the electric motor in
response to said determination and said at least two calibration values.

By taking into consideration one or more ambient air characteristics when
controlling the blower, the volumetric airflow delivered to the user can be controlled
more accurately and hence better functionality of the PAPR can be provided.

The present invention also provides an air purifying respirator blower system,
comprising a fan powered by an electric motor, and an electronic control unit operable to
adjust an electrical characteristic of the motor in accordance with a predetermined
correlation between the speed of the fan and the applied motor electrical characteristic for
a selected substantially uniform volumetric airflow from the fan; wherein the system
further comprises at least one sensor adapted to be in communication with the electronic
control unit and arranged to determine one of (a) ambient air density or (b) ambient air
temperature and ambient air pressure, the electronic control unit being operable in
response to the determine (a) ambient air density or (b) ambient air temperature and
ambient air pressure, to adjust an electrical characteristic of the motor to maintain the
selected substantially uniform volumetric airflow from the fan.

Other features of the invention will be apparent from the attached dependent
claims.

As used herein, except where the context requires otherwise, the term "comprise"
and variations of the term, such as "comprising", "comprises" and "comprised", are not
intended to exclude further additives, components, integers or steps.

Reference to any prior art in the specification is not, and should not be taken as,
an acknowledgment or any form of suggestion that this prior art forms part of the
common general knowledge in Australia or any other jurisdiction or that this prior art
could reasonably be expected to be ascertained, understood and regarded as relevant by a

person skilled in the art.
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BRIEF DESCRIPTION OF THE DRAWINGS
By way of example only, embodiments of the invention will now described below
with reference to the accompanying drawings, in which:
Figure 1 is a diagrammatical illustration of a powered air purifying respirator;
Figure 2 shows a block diagram of a blower system according to a first

embodiment of the present invention;
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Figure 3 shows a calibration chart for an electronic control unit of a blower system
according to a first embodiment of the present invention;
Figure 4 shows the correlation between air density and fan pressure for a second
embodiment of the present invention; and

Figure 5 shows a block diagram of a blower with a fan pressure measurement

sensor for a second embodiment of the present invention.

DETAILED DESCRIPTION

The present invention is based on the realization that the above-described problems
experienced when PAPRs are used at high altitude or below sea level are caused by
changes in ambient air density. Ambient air pressure, and hence ambient air density, can
vary considerably when working at high altitude or below sea level. Changes in ambient
air density can also result from normal fluctuations in ambient air temperature or ambient
air pressure. The present invention enables the volumetric air flow delivered to a PAPR
user to be controlled more accurately by taking account of the ambient air density and
hence provide better functionality of a PAPR. This is done by changing an electrical
characteristic, such as the voltage, current or power of the electric motor running the
PAPR in accordance with a pre-determined calibration procedure.

The term “ambient” is used herein to describe the air density, temperature,
pressure or humidity experienced by the user. Ambient air density is affected, for
example, by ambient air pressure, ambient air temperature and ambient air humidity. The
degree to which each of these factors effect the ambient air density is different, with air
pressure usually having the greatest effect. Although air temperature and humidity are
believed to have a lesser effect, these factors may still be taken into account when
determining ambient air density and volumetric airflow.

The term “humidity” can be taken to mean any of absolute humidity, specific
humidity or relative humidity. Absolute humidity is defined as being the quantity of water
in a particular volume of air. Specific humidity is defined as being the ratio of water
vapour to air. Relative humidity is defined as being the ratio of the partial pressure of
water vapour in a gaseous mixture of air and water vapour to the saturated vapour pressure

of water at a given temperature. Measurement of any of the absolute, specific or relative
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humidity value may be carried out as appropriate, depending on user preference and
ambient conditions.

By way of example only, the effects of ambient air pressure, temperature and
humidity over the ranges that a PAPR could foreseeably be used include:

Ambient Pressure — changing the atmospheric pressure from 1100 mbar e.g. at sea
level, to 750 mbar e.g. 2500 metres above sea level, would see a reduction in air density to
approximately 68% of the initial air density;

Ambient Temperature — changing the air temperature from 0 °C up to 50 °C would
see a reduction in air density to approximately 84% of the initial air density.

Ambient Humidity — changing the ambient humidity, relative humidity RH, from 0
%RH to 100 %RH, at 0 °C would see a reduction in air density to approximately 99.7% of
the initial air density, at 25 °C would see a reduction in air density to approximately
98.8% of the initial air density, and at 50 °C would see a reduction in air density to
approximately 96.5% of the initial air density.

Therefore, applying air density compensation based on only ambient air pressure
can compensate for considerable variation and inaccuracies. Compensation based on both
pressure and temperature improves accuracy further still. Compensation based on
humidity, temperature and pressure gives the best possible accuracy, but only marginally
better than temperature and pressure.

Each of the embodiments described below employ a turbo as shown in Figure 1.
Figure | is a diagrammatical illustration of a powered air purifying respirator. The PAPR
comprises a headpiece 1, a turbo unit 2, a breathing tube 3, a filter 4 and a belt 5. The
headpiece 1 is worn on the user’s 6 head. It at least partially encloses the user’s 6 head to
form a breathing zone 7, that is, the area around their nose and mouth, so that the filtered
air is directed to this breathing zone 7. The turbo unit 2 may be attached to a belt 5 to
enable it to be secured about the user’s torso. The turbo unit 2 houses a blower system
(not shown), which draws the air through the PAPR system using a fan (also not shown).
The turbo unit 2 supplies air to the headpiece 1 through the breathing tube 3 which is
connected between the outlet 8 of the turbo unit 2 and the inlet 9 of the headpiece 1. The
turbo unit 2 is fitted with a filter 4, which can be either inside the turbo unit or attached to
the turbo unit as shown in Figure 1 such that the filter 4 is in the airflow path, preferably

disposed upstream of a fan opening of the blower. The purpose of providing the filter 4 is

-5-
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to remove particles and/or gases and/or vapours from the ambient air before the air is
delivered to the user 6. The battery pack 10, which is fitted to the turbo unit 2 provides
power to the electronic control unit 23 and to the motor 22 (both shown in Figure 2 as
discussed below).

The following illustrates how the blower system in accordance with a first
embodiment of the present invention may operate. In the following examples, the
structural components of the PAPR may be assumed to be as described above with
reference to Figures 1 and 2.

Figure 2 shows a block diagram of a blower system according to a first
embodiment of the present invention. This blower system is housed within the turbo unit
2 illustrated in Figure 1. In accordance with this embodiment of the invention the blower
20 includes a housing 17 having an inlet 18 and an outlet 19. The blower 20 further
includes a fan 21, having a plurality of blades 16, driven by a motor 22. The blower 20 is
controlled by an electronic control unit 23 which regulates the power provided to the
motor 22.

It is desirable that a predetermined, substantially uniform volumetric airflow be
supplied to the user’s breathing zone 7, such that when the user 6 inhales, sufficient
filtered air is available for the user 6 to breathe easily and normally, and no potentially
contaminated ambient air is inhaled. A substantially uniform volumetric airflow is
preferably, but not limited to, an airflow rate where the deviation from the desired or
predetermined airflow is in the range -5 to +15 litres per minute.

In order to achieve a substantially uniform volumetric airflow at a particular
volumetric airflow rate, either the airflow must be known or a correlation between various
operating parameters and the required airflow must be known. It is possible to monitor the
volumetric airflow by using a discrete airflow sensor. However, in the present invention,
it has been appreciated that various operating parameters of the fan 21 and motor 22
including fan or motor speed, motor voltage, motor current and motor power can be used
to determine the volumetric airflow as described below.

With further reference to Figure 2, the blower system comprises an electronic
control unit 23 that functions to maintain a substantially uniform, preferably constant,
volumetric airflow to the headpiece 1. The electronic control unit 23 comprises: a

microprocessor device 24, such as a single chip microcontroller, for computing

-6-
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information; a memory device 25, such as flash RAM, for storing information, for
example, calibration data; sensor input receivers 26a, 26b, 26¢, for receiving data from
sensors such as motor current sensors and fan speed sensors; and an output controller 27,
such as a pulse width modulation controller chip, for providing power to the motor 22 and
any alarm or status indicators, such as buzzers or light emitting diodes, that may be
included in the PAPR. The memory device 25 of the electronic control unit 23 has two
parts: a fixed memory and a temporary memory. The fixed memory is populated with
data, for example, at the time of manufacture, comprising the algorithms and programs for
enabling the microprocessor 24 to carry out its calculations and procedures, and
calibration information from the factory calibration procedure. The temporary memory is
used for storing data and information such as sensor readings and fan operating parameter
data collected during start-up and running of the turbo unit 2. If desired, this data maybe
erased when the turbo unit 2 is powered down.

A three-phase square-wave, brushless, direct current motor 22 may be used to
drive the fan 21 of the blower 20. The equations below, EQ.1, EQ.2 and EQ.3 are well

known and show the relationships between the main parameters of such a motor.

T=i.1 (Eq. 1)

E= ,Z(E —n {Eq. 2)
60

F=E+R I {Fq.- 3

T Alr gap torque (1nNm)

fry Torque constant (NIFA)

i Motor current (A}

E Back EMF (V)

fz Back EMF constant {Vsiad}

i Speed {rpin)

¥ Apphed motor voltage (V1

R, Windinz resistance (£2)

As explained above, the blower 20 comprises a fan 21 which is used to move air
through the filter(s) 4 and deliver it to the user 6. The fan 21 illustrated in the drawings is
of the type often known as a centrifugal or radial fan, meaning that the air enters the fan in
the direction of the fan axis and exits in a radial direction to the fan.

The fan law equations below show how the performance of the fan 21 changes

when the fan speed and the air density are changed.
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O =0 —= {Eq. 4) Q, ‘Volumenic air flow (Iminy
™ P ‘Fou pressure {(Pa)
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PR 2, . - o N e
Pa= i £ {Eg. 3 r Input shaft power (W)
VoA # ‘Fan speed (gpm)
. P ‘Aldr density Gozmd)
Lo, e
GhiA
(1 p T
Po=7 | = {Eq. 7

Vo >,
NS M

It can be seen from equation EQ.4 that in order to maintain a substantially uniform

volumetric airflow, the fan speed element of the calibration point must remain unchanged.

i, =1y {Eq. §)

Furthermore, combining equations EQ.1, EQ.2, EQ.3 and EQ.6 shows how to
move the applied motor voltage element of the calibration point when the air density
changes.

10

alon poimt at ass denssy 5,

{Eq. &y a1,

N 5 Fan speed (¢

. 2T = A demeity (ke
2 _}\,E iy (E(1~ 10y ,} [Axr density (kgim
N4 k;

‘Back EMF co;smss-t {Vsirad)

In conclusion, it can be seen that in order to compensate for changes in ambient air
density, the fan speed element of the calibration point does not need to be changed (see
15 equation EQ.8). However, the applied motor voltage element of the calibration point does
need to be changed when the ambient air density changes, according to equations EQ.9
and EQ.10.
Figure 3 shows a calibration chart for an electronic control unit of a blower system
according to a first embodiment of the present invention. This is used during the procedure
20 for determining a substantially uniform volumetric airflow. The electronic control unit 23

refers to the calibration chart 30, which indicates a directly proportional relationship

-8-
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between fan speed and applied motor voltage. A predetermined substantially uniform
volumetric airflow is represented by two calibration points, high 31 and low 32. Each
calibration point comprises information about applied motor voltage and fan speed. To
maintain a substantially uniform volumetric airflow, for example, as the filter(s) 4
progressively clog with dust and fumes and hence the performance of the blower 20
changes, the electronic control unit 23 tracks along the line 33 between the two calibration
points 31, 32. This may be done using a look up table or other data array. The electronic
control unit takes a measurement of the fan speed using a sensor 28, compares it with the
calibration line and then applies the appropriate motor voltage 29 to maintain the pre-
determined volumetric airflow.

In the present invention, the realization that the calibration points, and hence the
tracking line, are optimal for one specific air density, is utilised. By taking measurements
of air density, the calibration points can be moved appropriately to account for the actual
air density and maintain a substantially uniform volumetric airflow.

The fan speed is measured by means of a sensor 28 fitted to the blower 20 that
measures the number of revolutions of the fan 21 in a given time. A suitable type of
sensor for measuring the fan speed would be a Hall effect device, although other types of
sensor could be used. The fan speed information is received by the microprocessor device
24 of the electronic control unit 23. The applied voltage 27 to the electric motor 22 is
monitored directly by an input 26 to the microprocessor 24 of the electronic control unit
23.

Sensors for measuring the ambient temperature and ambient pressure may be used
to determine the ambient air density. A suitable low cost sensor for measuring both the
ambient pressure and temperature is a solid state type sensor from the SCP1000 series of
sensors manufactured by VTI Technologies Oy, FI-01621, Vantaa, Finland. Such
temperature and pressure sensors are cheaper, more widely available, more reliable and
easy to position than discrete airflow sensors. Alternatively, separate temperature and
pressure sensors could also be used, if desired; most solid state temperature and pressure
sensors capable of measuring atmospheric temperature or pressure would be suitable.

The temperature and pressure sensor 29 is preferably located in the turbo unit 2. It
1s important that the housing is not sealed so that the sensor is open to the atmosphere.

The location of the sensor 29 should be chosen such that it is not significantly affected by

9
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any other parts of the blower 20 or electronic control unit 23. This is to avoid fluctuations
in temperature during use caused by the operation of other blower components as this may
give false ambient temperature measurements. The sensor 29 should not be located in an
arca of the turbo unit 2 that is pressurised or depressurised during use, as this would also
give rise to erroneous measurements.

The following steps are carried out when the turbo unit 2 is initially calibrated
during manufacture. High 31 and low 32 calibration points for each predetermined
substantially uniform volumetric airflow are determined. Fan speed and applied motor
voltage 32 for each calibration point are also measured and saved in the electronic control
unit’s fixed memory 25. At least one of the ambient pressure and temperature at
calibration is measured by the sensor(s) 29 via the electronic control unit 23 and saved in
the fixed memory 25. The air density is calculated by the microprocessor 24 using an
appropriate algorithm and saved in the fixed memory as the nominal air density.
Alternatively the air density is measured directly, and the same calibration process carried
out.

The calibration points will have to be moved as air density changes by the air
density compensation procedure described below. When ambient air pressure and
temperature have been measured as part of the calibration process, the following steps are
used. At start-up of the turbo unit, that is, when the turbo unit is switched on, the sensors
29 may measure both the actual ambient pressure and temperature, which is likely to be
different to that measured at the point of factory calibration. The actual air density is then
calculated from these values by the microprocessor 24 and saved in the temporary
memory. The nominal applied motor voltage component of all the calibration points 31,
32 stored in the fixed memory is read out by the microprocessor 24. Each component is
then modified using the expression of equation EQ.10, and the air density information
previously saved in the fixed memory at the time of factory calibration and the actual air
density information saved in the temporary memory. The modified values are and saved
in temporary memory as corrected calibration points. As with the calibration procedure,
an upper 35 and a lower 36 corrected calibration points are saved.

The nominal fan speed part of the calibration points 31, 32 is not changed. The
new corrected calibration points can now be used in the substantially uniform volumetric

airflow maintenance procedure. For example, as the filter(s) 4 progressively clog, for

-10-
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example, with dust and/or fumes, and the performance of the blower 20 changes, the
electronic control unit 23 tracks along a line 34 between the two corrected calibration
points 35, 36. The air density compensation procedure is repeated at regular intervals, for
example every ten minutes or every hour, and airflow adjusted accordingly if necessary.

Thus the above procedure can enable the turbo unit 2 to deliver substantially
uniform volumetric airflow rates which are compensated for air density fluctuations.

The benefit of more accurate control of the substantially uniform volumetric
airflow is that the airflow does not need to be set artificially high to take account of
changes or fluctuations in air density. In contrast, the substantially uniform volumetric
airflow can be set at a level where the required respiratory protection is exceeded but the
life of the batteries 10 between charges and the life expectancy of the filter(s) 4 is
maximised. Thus the running costs of the PAPR may be reduced, and the amount of
downtime for the user 6 should also be reduced, as battery 10 life between charges is
longer and filter(s) 4 require changing less frequently.

Typically, air should be delivered to the user 6 at a predetermined substantially
uniform volumetric airflow. In certain circumstances, however, the user 6 may need to be
able to adjust the airflow to a different level. For example if the user 6 is working
particularly hard and breathing more deeply or at a faster rate than usual, they may desire
to increase the airflow. To enable this, the electronic control unit is preferably provided
with a discrete range of two, three or more different, pre-set airflow values, for example,
160 litres per minute or 180 litres per minute. However, the control unit is usually set
such that it is not possible for the user 6 to inadvertently reduce the airflow below a level
where the minimum protection is given.

A further embodiment of the present invention using an alternative air density
compensation procedure will now be described.

Figure 4 shows the correlation between air density and fan pressure for a second
embodiment of the present invention. For a radial fan used in PAPR blower system, there
is a correlation 40 between the air density and the fan pressure, at a predetermined fan
speed and a predetermined motor voltage. Figure 5 shows a block diagram of a blower
with a fan pressure measurement sensor for an embodiment of the present invention. The
fan pressure is a measurement of the differential pressure between the inlet 51 of the fan

and the outlet 52 of the fan as shown in Figure 5. Hence the fan pressure can be measured

-11-
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by means of a differential pressure transducer 53 fitted to the blower. The air density
calculation can be performed at start-up of the PAPR by running the blower system for a
short period of time at the predetermined fan speed and motor voltage conditions, during
which, the fan pressure can be measured and the ambient air density determined. The
correlation information can be stored in the memory of the electronic control unit and the
calculation of air density conducted by program in the microprocessor.

A third embodiment in accordance with the present invention uses an alternative
method of determining air density compensation. The user 6 is required to create a certain
condition to enable the air density measurement to be achieved. At the point of factory
calibration during manufacture of the PAPR, a known load condition is created. A known
load condition is a previously measured pressure loading on the blower that is not affected
by unknown pressure influences such as partial clogging of the filter. The known load
condition could be either a minimum load, which is when no filters or breathing tube 3 are
connected to the turbo unit 2, or a maximum load which is when the outlet 8 of the turbo
unit 2 is blocked. Under whichever one of these conditions that is chosen, the motor
voltage is fixed and the fan speed is measured and both values, together with the ambient
air density at the time of calibration are stored in the electronic control unit memory.
During use, the user 6 is required to create the same load condition and start a calibration
sequence. The electronic control unit would then start the blower 20 running at the same
motor voltage as the factory calibration. The fan speed is then measured and compared to
the fan speed during calibration and together with the air density at calibration, used to
determine the current air density. The user 6 can then set up the PAPR for use and the air
density compensation procedure can be applied.

The method in accordance with the third embodiment can use any two of the
parameters motor voltage, motor current or fan speed, by holding one parameter constant
and measuring the other, in combination with either the maximum or minimum load
condition.

The air density also may be determined by various means, alternative to those
described previously. In accordance with a fourth embodiment of the present invention,
the air density can be measured or calculated independently of the PAPR. This may be,
for example, by a separate, dedicated air density measuring instrument. A PAPR can be

enabled to allow the user 6 to input the air density via a man-machine-interface such as a
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keypad or a touch screen. In this embodiment, the electronic control unit would not need
to perform any air density calculations when applying the air density compensation
procedure.

A PAPR in accordance with this embodiment of the present invention can also be
enabled to allow the atmospheric pressure, ambient temperature, or ambient humidity, or
preferably a combination of these parameters to be inputted into the electronic control unit
via a suitable interface. The electronic control unit can be enabled to calculate the
ambient air density prior to performing the air density compensation procedure. This
method would require the user 6 to measure the parameters independently from the PAPR
using suitable measuring instruments.

Air density compensation may be achieved by the user 6 inputting the altitude into
the electronic control unit. The altitude can be obtained by the user 6 taking a
measurement with a suitable instrument, or by reference to a map or GPS system. The
electronic control unit can be enabled to estimate the ambient pressure and hence an
approximation of air density at the given altitude by using pre-programmed information
stored in its memory.

Although in the above-described examples and embodiments of the present
invention the electrical characteristic of the electric motor 22 used to control the
volumetric airflow is voltage, t is easily envisaged that the current or power output of the
electric motor 22 could be used as an alternative, in both the calibration process and
during use.

The headpiece 1 may have a variety of configurations. Although a hood is
illustrated in Figure 1, the headpiece 1 could be a helmet, a mask, or a full suit, provided it
covers at least the orinasal area of the user’s face, to direct air to the user’s breathing zone
7. Full face respirators or half face mask respirators may be used as headpieces in
conjunction with the embodiment of the present invention. Alternative ways of supporting
the turbo unit 2 on a user's body 6 or otherwise are also within the scope of the present
disclosure. For example, a backpack-type support may be provided for the turbo unit 2.

Generally when using a helmet or hood in a PAPR, a higher constant airflow is
desired, than when a mask is used. Where the user 6 may change between helmets and
masks, or where the turbo unit 2 is shared between multiple users, it is desirable to have a

range of substantially uniform volumetric airflows. The range of substantially uniform
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volumetric airflows may be continuously variable between a first airflow rate and a second
airflow rate, or may be a series of discrete steps between the first and second airflow rates.
For example, a system may be set to a first predetermined airflow value for use with a
PAPR and to a second, lower, predetermined airflow value for use with a mask.

A PAPR with air density compensation as described above may also be designed
with smaller and lighter batteries, and smaller and lighter or lower profile filters. The
turbo unit 2 may be fitted with more than one filter 4 in the airflow path, to remove
particles and/or gases and vapours from the ambient air before the air is delivered to the
user 6. The filter or filters 4 may be inside the turbo unit 2 or fitted to the outside of the
turbo unit 2. The battery 10, may be attached to the turbo unit 2 as illustrated in Figure 1
or may be remote from the turbo unit 2 and connected by a suitable cable.

The motor used in the embodiments described above is a three-phase square-wave
brushless direct-current motor. Alternatively, a segmented commutator brushed direct
current motor may be used. As the equations EQ.1, EQ.2 and EQ.3 are known to be true
for both the brushed and brushless types of motors. Consequently, most types of direct
current motors known within the respirator industry could be used in the blower 20 of the
present invention. Other non-direct current types of motors that are know in the art for
PAPR applications could be used as an alternative to that in the embodiment described
above. Alternative motor control methods, such as pulse width modulation are also

envisaged as being within the scope of the present invention.
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What is claimed is:

1. A method of controlling a powered air purifying respirator blower system
to deliver a substantially uniform volumetric airflow to a user, the system comprising a fan
powered by an electric motor, controlled by an electronic control unit for delivering a
forced flow of filtered air to a user, and the electronic control unit having at least two
calibration values for the electrical characteristics of the electric motor stored therein,
comprising the steps of:

determining one of (a) ambient air density or (b) ambient air temperature and
ambient air pressure; and

adjusting an electrical characteristic of the electric motor in response to said

determination and said at least two calibration values.

2. A method as claimed in claim 1, wherein the ambient air density or ambient

air temperature and ambient air pressure is measured.

3. A method as claimed in claim 1, wherein the ambient air density or ambient

air temperature and ambient air pressure is determined from user input.

4. A method as claimed in any of the preceding claims, wherein the ambient
air density is a combination of at least two of ambient air temperature, ambient air

pressure and ambient humidity.

5. A method as claimed in any of claims 1 to 4, wherein the selected

substantially uniform volumetric airflow from the fan is variable.

6. A method as claimed in claim 5, wherein the selected substantially uniform
volumetric airflow from the fan is variable and chosen from any one of a limited number

of pre-selected values.

7. A method as claimed in any of the preceding claims, further comprising the

step of detecting a speed of the fan and an electrical characteristic applied to the electric
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motor, wherein the step comprises detecting the speed of the fan and the applied motor

electrical characteristic using sensors connected to the electronic control unit.

8. A method as claimed in any of the preceding claims, wherein the step of
measuring the ambient air temperature and ambient air pressure comprises measuring the
ambient air temperature and ambient air pressure using at least one sensor contained

within a housing together with the fan.

9. A method as claimed in any one of claims 1 to 7, wherein the step of measuring
the ambient air temperature and ambient air pressure comprises measuring the ambient
air temperature and ambient air pressure using at least one sensor arranged external to a

turbo unit.

10. A method as claimed in any preceding claim, wherein the electrical

characteristic is voltage.

11. An air purifying respirator blower system, comprising a fan powered by an
electric motor, and an electronic control unit operable to adjust an electrical characteristic
of the motor in accordance with a predetermined correlation between the speed of the fan
and the applied motor electrical characteristic for a selected substantially uniform

volumetric airflow from the fan;

wherein the system further comprises at least one sensor adapted to be in
communication with the electronic control unit and arranged to determine one of (a)
ambient air density or (b) ambient air temperature and ambient air pressure, the electronic
control unit being operable in response to the determine (a) ambient air density or (b)
ambient air temperature and ambient air pressure, to adjust an electrical characteristic of

the motor to maintain the selected substantially uniform volumetric airflow from the fan.

12. A system as claimed in claim 11, wherein the housing further includes at least

one filter positioned in the airflow path of the fan.
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13. A system as claimed in any one of claims 11 or 12, wherein the housing

further includes a power supply for the motor.

14. A system as claimed in any one of claims 11 to 13, wherein the motor is a

three-phase square-wave brushless direct-current motor.

15. A powered air purifying respirator comprising a blower system as claimed
in any of claims 11 to 14 and either a respirator headpiece or a full-face respirator in fluid

communication therewith.

16. A method of controlling a powered air purifying respirator blower system
having the steps substantially as described herein with reference to any one of the

embodiments as illustrated in the accompanying drawings.

17.  An air purifying respirator blower system substantially as described herein
with reference to any one of the embodiments as illustrated in the accompanying

drawings.
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