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1. Motivation

Static pressure defect calibration



4Static pressure defect calibration – 1. Motivation

Motivation

Accurate static pressure measurements are needed for:

Height measurements

Calculation of dynamic pressure

Calculation of potential temperature

Wind vector calculations

Problem:

Static pressure error depends strongly on location of the pressure 

probe and aircraft specific factors (like weight or wing shape) 

➔ In-flight calibration
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2. Measurement System

Static pressure defect calibration
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Static pressure vs Dynamic pressure

𝐴: area

𝐹: force

𝑚: mass

𝑝: pressure

𝑝𝑠: static pressure

𝑝𝑡: total pressure

𝑞: dynamic pressure

ሷ𝑟: acceleration

𝑝 =
𝐹

𝐴

𝐹 = 𝑚 ⋅ ሷ𝑟
𝑞 = 𝑝𝑡 − 𝑝𝑠

(Graphic from: https://tameson.com/pressure-gauges.html)
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Factors influencing static pressure

Dependant on Independent of

Height

Temperature

➔ Barometric height 

formular: 𝑝 = 𝑝0 ⋅ exp −
𝑔𝑧

𝑅𝑇𝑚

Dynamic pressure

Angle of attack 𝛼

Angle of sideslip 𝛽

Acceleration

Wind direction changes

𝑔:  gravitational acceleration

𝑝0: reference pressure

𝑅:  gas constant for dry air

𝑇𝑚: mean temperature between 𝑧 and 𝑧0
𝑧:    height difference between 𝑧 and 𝑧0
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Static pressure measurement

Rosemount 858AJ for:

- Static pressure 

measurements

- Dynamic pressure 

measurements

- Flow angle 

measurements

Side view

Top view

Source: (Bütow, 2018)
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Wind vector measurement

Earth coordinate 

system

Aircraft coordinate 

system

Aircraft velocity 

relative to earth

Wind relative to 

aircraft

Wind relative to 

earth

North

East

North

Source: (Bütow, 2018)
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Wind vector measurement

North North

Top Top

Source: (Bütow, 2018)
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Flow angle computation

𝛼 =
1

𝐶𝑘,𝛼
Δ 𝑝𝛼 − 𝛼0

𝛽 =
1

𝐶𝑘,𝛽
Δ 𝑝𝛽 − 𝛽0

𝛼:     angle of attack

𝛼0:    𝛼-angle offset

𝛽:     angle of sideslip

𝛽0:    𝛽-angle offset

𝐶𝑘,𝛼: Sensitivity coefficient for 𝛼
C𝑘,𝛽: Sensitivity coefficient for 𝛽

Δ 𝑝𝛼: 𝛼 pressure difference

divided by 𝑞
Δ 𝑝𝛽: 𝛽 pressure difference 

divided by 𝑞
𝑞:     dynamic pressure

𝛼

𝛽

Δ 𝑝𝛼 =
𝛼2−𝛼1

𝑞

Δ 𝑝𝛽 =
𝛽2−𝛽1

𝑞
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3. Calibration Methods

Static pressure defect calibration
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List of Methods

Methods using further equipment:

- Reference measurement with trailing cone

If no reference measurement equipment is available:

− Calibration using calibration flight manoeuvres
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Calibration flight manoeuvres

Assumption: 
𝒅𝒑

𝒅𝒕
= 𝟎

Speed runs:

− Gradual variations of aircraft velocity between 

minimum and maximum

Yawing Oscillations:

− Oscillations around the yaw angle

Source: (Bütow, 2018)
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Calibration flight manoeuvres

Assumption: 
𝒅𝒑

𝒅𝒕
= 𝟎

Reverse heading: Box:

Source: (Bütow, 2018)

-Fly in one direction

-Turn 180° by first turning 90° in one 

direction and than 270° in the other

-Fly a wind square pattern
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Finding the model fit

Theory: The static pressure should not be dependent 

on the dynamic pressure or the flow angles 𝛼 and 𝛽

Goal: finding a function which describes all systematic 

dependency of static pressure changes on dynamic 

pressure and 𝛼 and 𝛽



17Static pressure defect calibration – 3. Calibration Methods

Finding the curve

1. Select a reference pressure 

2. Normalize the pressure towards the same height 

using the barometric height function

3. Compute the difference between each static 

pressure measurement and the reference pressure

4. Plot the Static pressure differences against the 

dynamic pressure

5. Fit Model against data
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Finding the offset

1. Use the straight sections of the reverse heading 

manoeuvre

2. Compute the Windspeed for each section

3. Build the difference between the mean Windspeed 

for each section

4. Alternate the Offset value until the difference is 

minimized 
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4. Model fit Analysis

Static pressure defect calibration
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Static pressure dependence 
on Dynamic pressure

Fig. 1: Static pressure defect dependence on

dynamic pressure. The colour bar shows the

acceleration.

• Linear relationship

• Effect of 𝛼-angle is visible

• Offset between acceleration and 

deceleration
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Static pressure dependence on 𝜶

• Quadratic 

relationship

• To avoid 

dependence on 𝛼
calibration use 

indicated angle 

of attack

Fig. 2: Static pressure defect dependence on

angle of attack. The linear relationship

between the dynamic and static pressure was

subtracted from the data. The colour bar

shows the acceleration.
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Static pressure dependence on 𝜷

• Quadratic 

relationship

• To avoid dependence 

on 𝛽 calibration use 

indicated angle of 

sideslip

Fig. 3: Static pressure defect dependence on

angle of sideslip. The colour bar shows the

acceleration.
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Model fit

Model: 𝑝 = 𝑞0 + 𝐶1 ⋅ 𝑞𝑖 + 𝐶𝛼,1 ⋅ 𝑎𝑏𝑠 𝛼 ⋅ 𝑞𝑖 +

𝐶𝛼,2 ⋅ 𝛼
2 ⋅ 𝑞𝑖 + 𝐶𝛽,1 ⋅ 𝑎𝑏𝑠 𝛽 ⋅ 𝑞𝑖 + 𝐶𝛽,2 ⋅ 𝛽

2 ⋅ 𝑞𝑖

Static pressure dependence Manoeuvre

Linear dependence on 𝑞 Speed run

Quadratic dependence on 𝛼 Speed run

Quadratic dependence on 𝛽 Yawing oscillation

𝑞0: Offset

𝐶1: linear constant 𝑞𝑖
𝐶𝛼,1: linear constant 𝛼 ⋅ 𝑞𝑖
𝐶𝛼,2: quadratic constant 𝛼 ⋅ 𝑞𝑖

𝐶𝛽,1: linear constant 𝛽 ⋅ 𝑞𝑖
𝐶𝛽,2: quadratic constant 𝛽 ⋅ 𝑞𝑖
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Goodness of fit - Speed run Manoeuvre

Fig. 4: Model fit with 𝛼-effect. a) Comparison between model and data. b) Residuals. Mean R² ≈ 0.95

a) b)
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Goodness of fit - Yawing Manoeuvre

Fig. 5: Model fit with 𝛽-effect. a) Comparison between model and data. b) Residuals. Mean R² ≈ 0.90

a) b)
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Wind Vectors – Pitching Oscillations

Fig. 6: Uncalibrated vertical wind vectors (a) and calibrated (b) vertical wind vectors calculated for the
pitching oscillations performed on the 07.06.2018

a) b)
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5. Conclusion

Static pressure defect calibration
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Conclusion

There is a linear relationship between Δ𝑝𝑠,𝑛𝑜𝑟𝑚 and 𝑞

There is a quadratic relationship between Δ𝑝𝑠,𝑛𝑜𝑟𝑚 and 𝛼

There is a quadratic relationship between Δ𝑝𝑠,𝑛𝑜𝑟𝑚 and 𝛽

A small effect caused by windspeed changes and wind

direction changes is to be expected

For the calibration of the 𝛽-effect yawing oscillations

need to be included into the calibration process

&
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6. Summary

Static pressure defect calibration
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Summary

The static pressure can be used for calculations of:

Height,        Dynamic pressure,

Potential temperature,        Wind vectors

It changes with:

Height and       temperature

It should not change with:

Dynamic pressure,       angle of attack,

angle of sideslip

Therefore it can be calibrated using targeted flight 

manoeuvres which provoke changes of 𝑞, 𝛼 and 𝛽
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Appendix

Static pressure defect calibration
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Picture-sources
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Speed runs - 𝒒𝒊 and 𝜶 vs. 𝚫𝐩𝐬,𝐧𝐨𝐫𝐦
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Speed runs - 𝜶 and 𝜷 vs. 𝒒𝒊
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Speed runs - 𝜽 and 𝝍
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Speed runs - 𝜶 and 𝜷
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Speed runs – Height and Temperature 
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Yawing Manoeuvre – 𝒒𝒊 and 𝜷 vs. 𝚫𝐩𝐬,𝐧𝐨𝐫𝐦
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Yawing Manoeuvre – 𝜶 and 𝜷 vs. 𝒒𝒊
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Yawing Manoeuvre – 𝜽 and 𝝍
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Yawing Manoeuvre – 𝜶 and 𝜷
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Yawing Manoeuvre – Static pressure
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Yawing Manoeuvre – Height and Temperature
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Model parameter estimations

configuration

file yawing file Time interval C1 C_alp_eff C_alp_eff2 R2 C_bet_eff C_bet_eff2R2

00 00

['2017-08-09 17:07:31', '2017-08-09 

17:07:52'] 0,047 0,066 -2,251 0,973 -0,082 -0,577 0,737

01 06

['2018-06-07 18:26:47', '2018-06-07 

18:27:55'] 0,049 0,040 -2,426 0,965 0,097 -1,852 0,841

02 07

['2019-04-17 11:27:58', '2019-04-17 

11:28:40'] 0,049 -0,134 -1,273 0,930 0,191 -2,149 0,951

03 08

['2019-09-21 10:19:35', '2019-09-21 

10:20:00'] 0,050 -0,018 -1,875 0,941 0,164 -2,187 0,954

04 09

['2019-09-21 10:56:30', '2019-09-21 

10:57:22'] 0,046 -0,003 -2,041 0,914 0,161 -2,121 0,973

05 08

['2019-09-21 10:19:35', '2019-09-21 

10:20:00'] 0,038 0,061 -2,980 0,991 0,158 -2,193 0,967

Mean 0,046 0,002 -2,141 0,953 0,115 -1,846 0,904


