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SUMMARY APPARATUS AND METHOD FOR 
DETERMINING AIRCRAFT TIRE PRESSURE 

RELATED APPLICATION 

[ 0001 ] This application claims priority to and incorporates 
entirely by reference Indian patent application IN 
202041053843 , filed Dec. 10 , 2020 . a 

TECHNICAL FIELD 

[ 0002 ] The present invention relates to determining tire 
gas pressure of aircraft tires . 

BACKGROUND 

[ 0003 ] Monitoring of tire inflation pressures is an impor 
tant part of aircraft maintenance . An over- or under - inflated 
tire is more likely to burst during take - off and / or landing and 
a tire burst can cause significant damage to surrounding 
aircraft structures . Tire pressure checks are therefore man 
dated to be carried out at regular intervals for commercial 
aircraft . 
[ 0004 ] Current methods of tire pressure checking include 
manual methods ( using a pressure gauge to measure each 
individual tire manually ) and automated methods ( interro 
gating pressure sensors attached to each wheel to measure 
the associated tire pressure ) . 
[ 0005 ] In order to give a reliable result , tire pressure 
should be measured when the gas in the tire is at ambient 
temperature . If the tire is above ambient temperature this 
will increase the measured pressure , so that a tire requiring 
maintenance may not be correctly identified . If the tire 
pressure is measured when “ hot ” or above ambient tempera 
ture , the additional gas temperature above ambient will 
mean that the pressure is higher so that under - inflation is not 
detected . It can take a long time for the gas in the tire to 
reach ambient temperature because it is subject to heating 
from nearby brake system components , such as brake discs , 
radiating heat while they cool even though the aircraft is 
standing . This may also impact the safety of manual mea 
surements taken in proximity to hot components . Airbus 
therefore require waiting at least three hours with the aircraft 
standing before carrying out a tire pressure measurement . 
[ 0006 ] This three - hour requirement can impose significant 
operational constraints , especially when turnaround is short , 
so the opportunity to take a tire pressure measurement may 
be restricted . For example it may only be possible when the 
aircraft is not in use overnight and has stood for the required 
amount of time . Some aircraft operating on long haul routes 
may be in flight overnight and typically have a turnaround 
time of less than three hours , making the required three hour 
wait difficult to schedule . 
[ 0007 ] Automated pressure sensing devices affixed to an 
aircraft wheel may include a temperature sensor , but this 
does not measure the gas temperature directly . The nature of 
fixation to the wheel means that although pressure is sensed 
directly , temperature is measured indirectly , by a tempera 
ture sensor within the sensing device . The temperature 
sensor is indirectly coupled to the gas in the tire , it therefore 
cannot be assumed that the temperature measured is the 
same as the gas temperature in the tire . 
[ 0008 ] It would be desirable to improve aircraft tire main 
tenance and / or pressure measurement . 

[ 0009 ] According to a first aspect , there is provided an 
apparatus configured to determine the pressure of an aircraft 
tire at a reference temperature . The apparatus comprises a 
processing system configured to : obtain a measured tire 
pressure and a measured temperature associated with the 
measured tire pressure ; and determine a tire pressure at the 
reference temperature by adjusting the measured tire pres 
sure using a predetermined temperature characteristic , a 
square root of the measured temperature and a square root of 
the reference temperature . The predetermined temperature 
characteristic is a gradient of the relationship between 
square root of temperature and tire pressure . 
[ 0010 ] Automated pressure sensing devices have allowed 
data to be collected on the behaviour of aircraft tires in a way 
not previously available . Data can be gathered automatically 
at many different points in the daily operation of an aircraft . 
One insight from such data is that when tire gas pressure and 
an associated temperature are measured , such as by a tire 
monitoring device affixed to the wheel , the pressure follows 
a generally linear trend with the square root of the measured 
temperature , so that a single pressure measurement can be 
corrected to a desired reference pressure . The gradient can 
be predetermined and then used to correct a pressure mea 
surement to a desired temperature . This relationship to the 
square root of temperature is unexpected and demonstrates 
the more complex relation between a measured temperature 
and pressure . A single measurement is required , from which 
a tire pressure at a reference temperature can be determined 
without having to wait three hours . In addition to the 
operational benefits , this also allows steady state pressures 
to be determined more frequently than once every three 
days , giving safety benefits . 
[ 0011 ] Using this apparatus , a measured pressure can be 
converted into a pressure expressed at a reference tempera 
ture without a need to wait for three hours for the gas 
pressure and temperature to stabilise and wheel and brake 
components to cool . Any suitable reference temperature can 
be used , for example 15 ° C. , 20 ° C. , etc. and there is no 
limitation on a number of reference temperatures which can 
be used . 
[ 0012 ] The apparatus can take several forms , including : an 
avionics system , a flight computer or cockpit system in an 
aircraft ; a maintenance system or server ; and a handheld 
device , such as a handheld computing device . 
[ 0013 ] Optionally , the processing system is configured to 
compare the tire pressure to a threshold ; and provide an alert 
based on the comparison . Such a comparison and alert can 
increase safety and prompt maintenance of the tire when 
action is required , such as reinflation . The threshold may be 
a reinflation threshold , indicating a pressure below which a 
tire should be reinflated . The threshold may also be a 
replacement threshold , indicating a pressure below which a 
tire should be replaced . In some examples , the threshold is 
dependent on the wheel position , for example it may be 
different for Nose Landing Gear compared to Main Landing 
Gear reflected the different recommended inflation pressures 
between those positions . The alert can be a visual , audio , or 
haptic alert and / or combinations . For example , a visual 
warning may be provided in the aircraft cockpit and / or on a 
display of a maintenance apparatus . 
[ 0014 ] Optionally , the measured tire pressure and the 
measured temperature correspond to a point in the flight 
cycle where temperature is substantially at a minimum This 
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allows good determination of the pressure at the reference 
temperature because the influence of any heat in the system 
is reduced . For example , the measured tire pressure and 
measured temperature may correspond to a point in time 
close to touchdown , such as within 5 minutes , 3 minutes or 
1 minute from touchdown . At this point the cooling effect of 
flight is maximised ( especially the low temperature at alti 
tude ) . The data used can be from shortly after touchdown as 
well as before because after touchdown there has been 
limited time for the heat of landing ( such as tire flexure , 
friction and braking ) to transfer to the gas in the tire . In 
aircraft including a tire monitoring system which is inte 
grated into the aircraft control and data systems , this data 
could be obtained from an Aircraft Condition Monitoring 
System ( ACMS ) report which gathers data from touchdown . 
Other systems may be triggered to gather the data at the 
point of touchdown , for example when accelerometer data 
associated with a wheel or landing gear is indicative of the 
forces present on touch down . 
[ 0015 ] Optionally , the predetermined temperature charac 
teristic is derived from past data of measured tire pressure 
and measured temperature at the same point in the flight 
cycle of the aircraft . For example , the predetermined tem 
perature characteristic can be derived from real data of past 
test - flights , such as past data at the time of touchdown . The 
predetermined temperature characteristic can also be 
updated over time , as more data from touch downs is 
gathered to calculate it . 
[ 0016 ] The past data from which the predetermined tem 
perature characteristic is derived may be specific to one or 
more of a particular tire type , a particular tire model , and 
wheel ( such as a wheel position ) . A tire type can be one or 
more of tire manufacturer , tire model , tire rating , and tire 
construction . Other examples may additionally or alterna 
tively use past data from aircraft for one or more of a 
particular geographic region ( e.g. touchdowns in a particular 
country or area ) , a particular aircraft operator , a particular 
maintenance provider , a particular aircraft manufacturer , and 
a particular aircraft model . This can allow a more accurate 
temperature characteristic reflecting differences in operation 
and use . As automated tire monitoring systems become more 
commonplace , the required past data can be gathered rela 
tively quickly from normal operations . 
[ 0017 ] Some examples may include a learning or calibra 
tion period during which sufficient data is gathered to allow 
a reliable predetermined temperature characteristic to be 
determined . For example , it has been found that a clear 
correlation can be observed from a data set with as few as 
100 readings . 100 readings might take less than a month to 
acquire from a short haul aircraft undertaking several flights 
a day . In some cases , the characteristic may be specific to a 
particular aircraft and derived from data recorded in use on 
that aircraft . 
[ 0018 ] As well as using past data from operational flights 
to derive the characteristic , the characteristic can also be 
derived from test flight data . Such test flight data may form 
an initial data set to calculate the predetermined temperature 
characteristic and subsequently be supplemented or refined 
using data from operational flights . 
[ 0019 ] Optionally , the processing system may be config 
ured to : determine a future tire pressure a predetermined 
time period in the future using the tire pressure at the 
reference temperature and a predetermined time character 
istic , wherein the predetermined time characteristic com 

prises a gradient and an offset for the predetermined time in 
the future . The time period in the future could be , for 
example , 1 day , 2 days , 3 days , 4 days , 5 days or 10 days . 
This allows future inflation pressure to be predicted , which 
can assist with maintenance planning 
[ 0020 ] Optionally , the predetermined time characteristic is 
derived from past measurement data of measured tire pres 
sure and measured temperature . For example the time char 
acteristic can be derived using pairs of measurement data 
separated by the desired time period , without reinflation in 
between . So , for a time period of 1 day , pairs of data 
separated by around 1 day or 24 hours may be used . 
[ 0021 ] Optionally , the processing system is further con 
figured to determine that the future tire pressure is below a 
threshold and provide an alert . This could be the same 
threshold as described above ( such as a reinflation threshold 
or a replacement threshold ) . Some examples may use a 
different threshold , for example the threshold may be 
adjusted to be higher to reflect the uncertainty in the esti 
mate . 

[ 0022 ] According to a second aspect , there is provided a 
method of determining the pressure of an aircraft tire at a 
reference temperature . The method comprises : obtaining a 
measured tire pressure and a measured temperature associ 
ated with the measured tire pressure ; and determining a tire 
pressure at the reference temperature by adjusting the mea 
sured tire pressure using a predetermined temperature char 
acteristic , a square root of the measured temperature and a 
square root of the reference temperature , wherein the pre 
determined temperature characteristic is a gradient of the 
relationship between square root of temperature and tire 
pressure . 
[ 0023 ] According to a third aspect , there is provided an 
aircraft maintenance system comprising : a communication 
interface to obtain a measured tire pressure and a measured 
temperature associated with the measured tire pressure ; and 
a processor . The processor is configured to determine a tire 
pressure at the reference temperature based on the measured 
tire pressure using a predetermined temperature character 
istic , a square root of the measured temperature , and a square 
root of the reference temperature . The predetermined tem 
perature characteristic is a gradient of the relationship 
between square root of temperature and tire pressure . 
[ 0024 ] It will be appreciated that any of the features of the 
first aspect can equally be applied to the second and third 
aspects . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0025 ] Embodiments of the invention will now be 
described , by way of example only , with reference to the 
accompanying drawings , in which : 
[ 0026 ] FIG . 1 shows a schematic view of an aircraft with 
which embodiments can be practiced . 
[ 0027 ] FIG . 2 shows a schematic view of an aircraft 
cockpit information system including a tire pressure sensor . 
[ 0028 ] FIG . 3 shows a schematic view of a handheld 
device interfacing with a tire pressure sensor . 
[ 0029 ] FIG . 4 shows a maintenance system interfacing 
with a tire pressure sensor . 
[ 0030 ] FIG . 5A shows a set of pressure data measured at 
touchdown for the same aircraft tire across around 500 
flights . 
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[ 0031 ] FIG . 5B shows the set of pressure data of FIG . 5A 
adjusted using the method described herein to be expressed 
at the same square root of measured temperature . 
[ 0032 ] FIG . 6 is a scatter plot of measured pressure against 
the square root of measured pressure , showing two popula 
tions of around 100 flights before and after reinflation of the 
tire . 
[ 0033 ] FIG . 7 is a scatter plot of fight data showing the 
initial adjusted pressure against the change in pressure in psi 
over 24 hours . 
[ 0034 ] FIG . 8 is a graph showing the probability of tire 
pressure being above a particular pressure after different 
periods of time . 
[ 0035 ] FIG . 9 is flow chart of a method according to an 
embodiment . 

DETAILED DESCRIPTION 

display 210 located in the cockpit . Via the display 210 , the 
cockpit system 202 can display information and / or warn 
ings . 
[ 0040 ] The communication interface 206 receives data 
from sensors located throughout the aircraft . This includes 
tire monitoring devices 212 and other sensors , such as load 
sensor 214. For clarity only a single tire monitoring device 
212 and load sensor 214 is depicted . It will be appreciated 
that there may be more than one of these items , for example 
each tire of the aircraft will usually have an associated tire 
monitoring device 212 . 
[ 0041 ] The tire monitoring device 212 includes a tempera 
ture sensor 216 and a gas pressure sensor 218. The gas 
pressure sensor 218 is configured to measure the gas pres 
sure within the tire . The temperature sensor 216 is not in 
direct contact with the gas in the tire so measures a tem 
perature indicative of the gas temperature , rather than the 
actual gas temperature . Tire gas pressure is proportional to 
the gas temperature , but as the gas temperature is not 
measured directly , it is difficult to convert a measured gas 
pressure to a pressure at a known reference temperature . 
This makes it difficult to compare the measured pressure 
against an expected reference pressure for safe operation . As 
a result , it is currently mandated that an aircraft must stand 
for three hours to allow the tire , wheel and brake systems to 
reach a steady state where the effect of heat from landing are 
reduced . As will be explained in more detail below , embodi 
ments of the present invention apply novel techniques to 
analyse data from tire pressure sensors so that the likely tire 
pressure at a reference temperature can be determined 
without having to wait for three hours . 
[ 0042 ] The cockpit system 202 can obtain information 
from the sensors directly via communication interface 206 
and / or retrieve historical data from storage 208. The pro 
cessor 204 may then process this data to determine a tire 
pressure at a reference temperature . Once this is known , it 
can be compared to safety thresholds , with a warning 
provided via the display 210 if a threshold has been 
exceeded . 
[ 0043 ] The cockpit system 202 can provide a variety of 
warnings or indications depending on the determined pres 
sure at the reference temperature . For example , reinflation of 
a tire may be recommended once tire gas pressure has fallen 
to below 95 % of a recommended inflation pressure . If the 
tire gas pressure has fallen below 90 % of the recommended 
inflation pressure , then replacement of the tire may be 
indicated . In this way , the cockpit information system can 
indicate urgent maintenance requirements which may affect 
safety to the pilot . 
[ 0044 ] In some cases , the cockpit system may also analyse 
historical trends . For example , the rate of change in the tire 
pressure at the reference temperature over time might be 
determined . Using the methods described herein , the steady 
state pressure can be determined without having to wait for 
three hours , so it can potentially be determined for every 
flight cycle . An information , warning or alert may be given 
via the display if the pressure trend suggests that the pressure 
will fall below one of the thresholds in the future . For 
example , the tire pressure trend may indicate that although 
the current measured tire pressure is acceptable , it will fall 
below 95 % in two days , so that the tire should be reinflated 
within the next two days . 
[ 0045 ] In the system 200 of FIG . 2 , the processing and 
warnings are carried out using a cockpit system 202. This is 

[ 0036 ] FIG . 1 depicts an aircraft in which embodiments of 
the invention may be practiced . The aircraft 100 includes 
nose landing gear with tires 102 and main landing gear with 
tires 104. During use and operation of the aircraft it is 
important that the tires 102 , 104 remain inflated to the 
correct pressure . Incorrectly inflated tires can burst unex 
pectedly , leading to potential safety issues . As will be 
explained in more detail below , embodiments of the inven 
tion receive data on the measured tire pressure and calculate 
a current pressure expressed at a reference temperature 
and / or in the future . Once the tire pressure at the reference 
temperature is determined , it can be compared to acceptable 
limits and thresholds , with maintenance actions , such as 
reinflation , scheduled as needed . FIG . 1 depicts an aircraft 
with a single aisle , in this case an Airbus A350 . It will be 
appreciated that the invention can be applied to any aircraft . 
[ 0037 ] Each tire 102 , 104 is provided with a tire monitor 
ing device . The tire monitoring device records pressure and 
an associated temperature at various times . For example , the 
tire monitoring device may generate and save the data at 
regular intervals , or at defined specific events such as 
touchdown . 
[ 0038 ] The aircraft 100 may also er systems 
which provide sensor data in addition to the tire monitoring 
devices . While much of this is used for flight control 
purposes , some data can also be useful for determining 
steady - state tire pressure , such as sensor data for measuring 
aircraft loading . Data from all sensors in the aircraft may be 
aggregated into a single data system that can provides 
reports of sensor status at regular intervals times or when 
particular events occur . Alternatively , or additionally , the 
sensors in the tires may be interrogated separately from 
other aircraft systems . More detail of the systems which can 
receive the sensor data and use it to determine tire pressure 
will now be described with reference to FIGS . 2 to 4 . 
[ 0039 ] FIG . 2 depicts an aircraft tire monitoring system 
200. The system comprises a cockpit system 202 , which 
comprises a processor 204 , a communication interface 206 
and a storage 208. The processor 204 can be any suitable 
processor , including single or multi - core processors , pro 
cessing systems , and so on . Storage 208 is a solid state drive 
or hard drive which can store both computer program 
instructions for execution by the processor 204 and data 
received from the sensor systems throughout the aircraft . 
The communication interface 206 is a wired communication 
interface connected via a data network to sensors throughout 
the aircraft . Cockpit system 202 is also connected to a 
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convenient for providing warnings to the pilots , but is less 
convenient for maintenance crew . For example , mainte 
nance crew are less likely to be inside the cockpit to receive 
the information or warnings on the display . In the embodi 
ment of FIG . 3 , a handheld device 302 replaces the cockpit 
system 202. The handheld device 302 may be a portable 
computing device , such as a smart phone , tablet or laptop 
computer and comprises a communication interface 304 , 
which is a wireless communication interface having an 
antenna 312 in this case , and a processor 306 with storage 
308 in a similar way to the cockpit information system 202 . 
However , because the handheld device is more portable , it 
can be carried to a location where maintenance is required . 
The handheld device is not permanently connected to the 
sensor systems within the aircraft . It may obtain the sensor 
data by directly querying the sensors themselves , such as 
directly querying tire monitoring devices which themselves 
store a history of measurement data . Alternatively , or addi 
tionally , the handheld device may also query the cockpit 
system 202 to receive sensor data . 
[ 0046 ] Once the handheld device has received the data , it 
can process it in much the same way as the cockpit system 
202 described above . For example , the handheld device can 
provide warnings on a display 310 of the hand held device . 
( 0047 ] Both the cockpit system 202 and the handheld 
device 302 operate in the vicinity of the aircraft . In the 
embodiment of FIG . 4 a remote maintenance system 402 , in 
this case a remote maintenance server , replaces the cockpit 
system 202. Rather than being located in the vicinity of the 
aircraft , the maintenance server 402 is remote from the 
aircraft . Similar to the cockpit system it comprises a pro 
cessing system 404 , a communication interface 406 , and a 
storage 408. The maintenance system 402 receives sensor 
data via the communication interface 406 , for example data 
may be uploaded from an aircraft when aircraft maintenance 
is carried out via the internet 412 , perhaps by relaying via the 
hand held device 302 of the embodiment of FIG . 3. The 
maintenance system 402 may also receive data from the 
aircraft , for example a wireless data connection for telem 
etry . Such a telemetry connection can send sensor data at 
regular intervals regardless of whether maintenance is car 
ried out . 
[ 0048 ] Maintenance server 402 can provide alerts and 
indications in various ways . For example , information may 
be provided to a service center operative via a web page or 
email system . Maintenance server 402 may also use the 
received sensor data to schedule maintenance actions based 
on the sensor data , such as tire reinflation or replacement . 
[ 0049 ] Methods to determine tire gas pressure at a refer 
ence temperature without having to wait for at least three 
hours for the tire gas to cool will now be described . The 
coolest point for tire gas in a flight cycle is generally just 
before touchdown . This provides a good point for analysis of 
tire pressure because the wheel system ( including the tire 
and brake ) is generally closer to a steady state when cooler , 
so the temperature data more closely approximates the tire 
gas temperature at this point in the flight cycle . Data 
collected from a large number of test flights has shown a 
correlation between the tire gas pressure and the square root 
of temperature at the point around touchdown . 
[ 0050 ] FIG . 5A shows a set of pressure data measured at 
touchdown for the same aircraft tire across around 500 
flights . The tire was reinflated around flight 300. It can be 
seen that the data shows significant variation , although the 

reinflation is clearly visible as a general shift in the baseline 
pressure . FIG . 5B shows the same set of pressure data 
adjusted to be expressed at the same square root of measured 
temperature . Each pressure measurement was associated 
with a temperature measurement , T. To adjust the data , the 
square root of the temperature , VT , ( expressed in ° C. ) was 
taken and the overall mean determined ( in this case , the 
mean square root of temperature was around 6.5 ) . Linear 
regression was used to determine the gradient between the 
square root of the measured temperature and the measured 
pressure . This gradient was then used to normalise each 
measured pressure to be expressed at the mean square root 
of temperature by adjusting the measured pressure using the 
gradient until the square root temperature matched the mean 
square root temperature . ( Another baseline for normalisation 
could equally have been used . ) As can be seen from a 
comparison of FIG . 5A and 5B , this technique significantly 
reduces the variation in the data 
[ 0051 ] A subset of the data around the tire reinflation was 
then analysed , taking the 100 samples immediately before 
and after the reinflation . The effect of reinflation can be seen 
clearly in FIG . 6 , which shows measured pressure values . 
There are two populations of data , one with generally higher 
pressure ( after reinflation ) and one with generally lower 
pressure ( before reinflation ) . Both sets of data had similar 
gradients , showing that the gradient is preserved across 
reinflation of the tire and so has general application to 
adjusting tire pressure . 
[ 0052 ] Using these results , a new method of correcting 
measured tire gas pressure to be expressed at a reference 
temperature is proposed . Historical data of measured tire 
pressure and temperature at the same point in the flight in 
flight cycle are analysed to determine the gradient of the 
trendline , a , for example by using linear regression . Mea 
sured pressure can then be normalised to be expressed at a 
reference temperature using the following relationship : 

Pre - P .- ( - VT 
where Prer is a pressure expressed at a reference temperature 

in ° C. or K , a is the gradient of the trend line , for 
example calculated by linear regression , Pm is the measured 
pressure and Tm is the associated measured temperature in º 
C. This relationship can be used to compare measured tire 
pressure at a reference temperature using data obtained on 
touchdown or close to touchdown , such as within 30 sec 
onds , 1 minute or 2 minutes . There is no need to wait for 
three hours before measuring the pressure , it is available no 
matter how short the turnaround time is at the airport . 
[ 0053 ] A similar relationship has been observed in histori 
cal data for how tire gas pressure changes over time , 
whereby analysis of the historical data gives a predeter 
mined trend which can be used to predict likely tire gas 
pressure in the future from a current measurement . To 
calculate the trend , historical data pairs separated by the 
desired period in the future are first identified . For example , 
touch downs 24 hours apart , 48 hours apart and so on may 
be identified . The present method of prediction has been 
shown to work up to 10 days ahead , although the accuracy 
of prediction decreases as the period into the future becomes 
longer . 
[ 0054 ] Each data pair is normalised to a reference tem 
perature with the method discussed above ( using a gradient 
and the square root of temperature ) and the difference in 
pressure between the two data points is calculated . This 
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difference in pressure is then plotted against the initial 
adjusted pressure ( i.e. the earliest pressure in the pair , 
normalised to the reference pressure ) . From this data , linear 
regression is used to determine a trend line with a gradient , 
b , and an intercept , c . This can then be used to predict the 
change in pressure over time , starting from an adjusted 
pressure measurement , Padj , according to the following 
relation : 

AP = bP adj + C 

AP is the predicted change in tire gas pressure over the time 
period , b is the gradient of the trend line from the historical 
data analysis and c is the intercept . 
[ 0055 ] A scatter plot of the initial adjusted pressure against 
the change in pressure over 24 hours is shown in FIG . 7 . 
Similar plots can be obtained for pairs of data separated by 
different time periods . From the data a line was fitted using 
linear regression and the gradient b ( slope ) and intercept c 
noted . The intercepts apply when the temperature is 
expressed in ° C. The results are given in Table 1 below . It 
can be seen that different slopes and intercepts apply to each 
period of time , so the gradient and intercept are specific to 
the time period in question . 

0 

TABLE 1 

Gradients and intercepts for predicting future tire pressure 

Time period ( hours ) Gradient ( b ) Intercept ( a ) 

24 
48 
72 
96 
120 
144 
168 
192 
216 
240 

-0.47 
-0.51 
-0.56 
-0.59 
-0.62 
-0.63 
-0.65 
-0.66 
-0.66 
-0.66 

97.95 
107.50 
117.62 
124.78 
130.88 
133.66 
136.42 
138.64 
138.64 
140.04 

estimated from the data set of adjusted pressure pairs . For 
example , if a tire pressure has been measured as an adjusted 
pressure of 227 psi and the threshold of reinflation is 206 psi , 
then the data can be used to calculate the probability of the 
pressure being above 206 psi . Data pairs starting from an 
adjusted pressure of 227 psi are identified and the probabil 
ity of the pressure being 206 psi in the time period calcu 
lated . An example graph showing this can be seen in FIG . 8 . 
[ 0059 ] FIG . 8 shows that for an adjusted tire pressure 
measurement of 227 psi , there is a probability 0.9948 it will 
be at least 206 psi in 24 hours and a probability of 0.9824 
that it will be at least 206 psi in 240 hours . These probabili 
ties can inform maintenance decisions . For example , a 
probability threshold can be set to indicate when reinflation 
of the tire is likely to be necessary so that maintenance to 
reinflate the tire can be scheduled . 
[ 0060 ] FIG . 9 depicts a method according to an embodi 
ment which may be implemented by an apparatus , such as 
the cockpit system , handheld device and remote mainte 
nance server described above . First , at block 902 , the 
measured tire gas pressure and temperature are obtained . As 
discussed above , these are preferably from a time around 
touchdown . The data may already be available , for example 
stored in storage by a cockpit system , or may be received in 
response to a query from the sensors themselves . In some 
cases , the information may be sent automatically when a 
touchdown is detected . Existing sensor data and / or sensor 
reports may be suitable , such as those from an Aircraft 
Condition Monitoring System ( ACMS ) , Flight Operations 
and Maintenance Exchanger ( FOMAX ) or Customer Sup 
port Test Tool ( CSTT ) . These systems may provide the 
sensor data in any suitable way , for example via a direct 
connection to a maintenance device , or via a remote con 
nection , such as a mobile data connection , to a remote 
server . In any case , the measured data is obtained and stored 
ready for processing . 
[ 0061 ] Next , at block 904 , the temperature characteristic is 
obtained . The temperature characteristic is predetermined as 
discussed above , so that the measured temperature can be 
adjusted and expressed in at a common square root tem 
perature to allow comparison with other data . Next , at step 
906 , the measured tire gas pressure is adjusted using the 
temperature characteristic . 
[ 0062 ] Optionally ( not depicted in FIG . 9 ) action may be 
taken based on the adjusted tire gas pressure . For example , 
if the adjusted pressure is under a predetermined threshold , 
such as 95 % of the ideal pressure , a warning or alert can be 
provided , indicating that reinflation off the tire should take 
place . Other thresholds may also be used . For example , a 
threshold of 90 % of the ideal pressure may indicate that a 
tire should be replaced with an appropriate warning or alert 
provided . 
[ 0063 ] At block 908 , a time characteristic is obtained . The 
time characteristic may be for a single period in the future , 
such as 24 hours ahead , or for multiple periods . Where 
multiple periods are used , multiple time characteristics will 
be obtained . The , at block 910 , the future tire pressure is 
estimated using the time characteristic as discussed above 
with reference to FIG . 7. Depending on the value of the 
predicted future tire pressure , a warning or alert can be 
provided . 
[ 0064 ] Although the blocks of FIG . 9 are discussed in a 
particular order , it will be appreciated that other embodi 
ments may use a different order . For example , the time 

[ 0056 ] To verify the accuracy of the method , the relation 
was applied to the measured data it was derived from , and 
an error between the predicted change in pressure and the 
actual change in pressure was calculated . A standard devia 
tion of the error was then determined . The results are shown 
in the table below : 

TABLE 2 

Standard deviation of errors in predicted tire pressure 

Time period ( Hours ) 
Standard deviation of the error in the 
change of adjusted tire pressure ( psi ) 

24 
48 
72 
96 
120 
144 
168 
192 
216 
240 

5.80 
6.03 
6.17 
6.33 
6.37 
6.43 
6.46 
6.45 
6.51 
6.51 

[ 0057 ] The standard deviation of the error increases as the 
time period gets longer , but it is still a useful prediction . 
[ 0058 ] In another embodiment , the probability of the 
pressure being above a particular threshold at a point can be 
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characteristic may be obtained simultaneously with , or 
before , the temperature characteristic . Other embodiments 
may omit steps 908 and 910 and simply calculate the 
adjusted tire gas pressure . 
[ 0065 ] Further embodiments of the method of FIG.9 may , 
additionally or alternatively . calculate a probability of a tire 
gas pressure being below a threshold value in the future , 
following the methodology discussed above with reference 
to FIG . 8. This probability may then result in an alert or 
indication being provided , for example if the probability of 
the tire meeting the threshold is below an acceptable risk 
level . 
[ 0066 ] In some embodiments of FIG . 9 , the historical data 
may be obtained as well as current data the and the tem 
perature characteristic and / or the time characteristic may be 
determined each time . This will require more computing 
power and data transfer than using predetermined versions 

may be more accurate to reflect the specific characteris 
tics of each individual wheel system ( including the tire and 
brake ) . For example and tire may have been affixed in a way 
which causes its pressure to drop at a different rate than 
another of the aircraft tires . 
[ 0067 ] As has been discussed above , the embodiments 
described herein provide an alternative reference system for 
comparing measured tire pressures . Rather than seek to 
adjust a measured gas temperature based on an associated 
temperature at the time of the measurement , the adjustment 
is made based on the square root of the associated tempera 
ture . In some examples the associated temperature is a brake 
temperature . Similarly , reference pressures used as thresh 
olds for tire maintenance decisions may be expressed at a 
predetermined square root of the brake temperature rather 
than a gas temperature . It has been found that this system 
exhibits lower variation in measurements when values are 
adjusted to be expressed at the same square root of the brake 
temperature according to a calculated trend line . Additional 
advantages can also be obtained from this method . For 
example , the reference square root temperature may be 
chosen as the mean of the data used to calculate a trend line . 
This means that , across a data population , minimum adjust 
ments are made to the temperatures improving accuracy . In 
contrast , existing methods rely on temperatures close to 
ambient for ease of measurement . 
[ 0068 ] It is to be noted that the term “ or ” as used herein is 
to be interpreted to mean “ and / or ” , unless expressly stated 
otherwise . 
[ 0069 ] The above embodiments are to be understood as 
illustrative examples of the invention . It is to be understood 
that any feature described in relation to any one embodiment 
may be used alone , or in combination with other features 
described , and may also be used in combination with one or 
more features of any other of the embodiments , or any 
combination of any other of the embodiments . Furthermore , 
equivalents and modifications not described above may also 
be employed without departing from the scope of the 
invention , which is defined in the accompanying claims . 
The invention is : 
1. An apparatus configured to determine a pressure of an 

aircraft tire at a reference temperature , the apparatus com 
prising a processing system configured to : 

obtain a measured tire pressure in the aircraft tire and a 
measured temperature associated with the measured 
tire pressure ; and 

determine the tire pressure at the reference temperature by 
adjusting the measured tire pressure using a predeter 
mined temperature characteristic , a square root of the 
measured temperature and a square root of the refer 
ence temperature , wherein the predetermined tempera 
ture characteristic is a gradient of a relationship 
between the square root of tire temperature and tire 
pressure . 

2. The apparatus according to claim 1 , wherein the 
processing system is configured to : 

compare the tire pressure to a threshold ; and 
provide an alert based on the comparison . 
3. The apparatus according to claim 1 , wherein the 

measured tire pressure and the measured temperature cor 
respond to a point in a flight cycle where an ambient 
temperature of an aircraft to which the aircraft tire is 
mounted is at or near a minimum of the ambient temperature 
during the flight cycle . 

4. The apparatus according to claim 1 , wherein the 
predetermined characteristic is derived from past data of the 
measured tire pressure and the measured temperature . 

5. The apparatus according of claim 1 , wherein the 
predetermined characteristic is specific to one or more of an 
aircraft model , a tire type and a wheel type of an aircraft . 

6. The apparatus according to claim 1 , wherein the 
processing system is configured to : 

estimate a future tire pressure corresponding to a prede 
termined future time period using the tire pressure at 
the reference temperature and a predetermined time 
characteristic , wherein the predetermined time charac 
teristic comprises a gradient and an offset for the 
predetermined future time period . 

7. The apparatus according to claim 6 , wherein the 
predetermined time characteristic is derived from past mea 
surement data of the measured tire pressure and the mea 
sured temperature . 

8. The apparatus according to claim 6 , wherein the 
processing system is further configured to determine 
whether the future tire pressure is below a threshold and 
provide an alert if the future tire pressure is below the 
threshold . 

9. A method of determining a pressure of an aircraft tire 
at a reference temperature , the method comprising : 

obtaining a measured tire pressure in the aircraft tire and 
a measured temperature associated with the measured 
tire pressure ; and 

determining a tire pressure at the reference temperature by 
adjusting the measured tire pressure using a predeter 
mined temperature characteristic , a square root of the 
measured temperature and a square root of the refer 
ence temperature , wherein the predetermined tempera 
ture characteristic is a gradient of a relationship 
between the square root of tire temperature and tire 
pressure . 

10. The method of claim 9 , further comprising providing 
an alert based on a determination that the tire pressure at the 
reference temperature is below a threshold . 

11. The method of claim 9 , wherein the measured tire 
pressure and the measured temperature correspond to a point 
in a flight cycle , of an aircraft to which the aircraft tire is 
mounted , where an ambient temperature of the aircraft is at 
or near a minimum ambient temperature during the flight 
cycle . 

a 
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12. The method of claim 9 , wherein the predetermined 
temperature characteristic is derived from past data of the 
measured tire pressure and the measured temperature . 

13. The method of claim 9 , wherein the predetermined 
temperature characteristic is specific to one or more of an 
aircraft model , a tire type , and a wheel type . 

14. The method of claim 9 , further comprising : 
estimating a future tire pressure at a predetermined future 

time period using the tire pressure at the reference 
temperature and a predetermined time characteristic , 
wherein the predetermined time characteristic com 
prises a gradient and an offset for the predetermined 
future time period . 

15. The method of claim 14 , wherein the predetermined 
time characteristic is derived from past measurement data of 
the measured tire pressure and the measured temperature . 

16. The method of claim 14 , further comprising providing 
an alert when a determination is made that the future tire 
pressure is below a threshold . 

17. An aircraft maintenance system comprising : 
a communication interface configured to obtain a mea 

sured tire pressure of a tire on an aircraft and a 
measured temperature associated with the measured 
tire pressure ; and 

a processor configured to estimate a tire pressure at a 
reference temperature based on the measured tire pres 
sure and using a predetermined temperature character 
istic , a square root of the measured temperature , and a 
square root of the reference temperature ; 

wherein the predetermined temperature characteristic is a 
gradient of the relationship between the square root of 
temperature and tire pressure . 


