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Part I

Definition of Wind Spiral



Wind Spiral in DOC8168

WS   Wind Speed

R      Rate of Turn

θ Angle of Turn

Eθ Distance from

the nominal track



Eθ in Different flight path

Eθ in circle flightEθ in straight line flight

DA=arcsin(WS/TAS) DA=arcsin(WS/TAS)



Basic Formula in polar coordinate system 



More questions

1. Does it right? How to prove it?

2. How to calculate Expand spiral? how to 
get tangent line of spiral? Is it same in 
clockwise or count clockwise?

3. What’s the relation between the wind 
spiral and other spiral??



Part II

Concept of Equidistant Spiral



Original Archimedes spiral



Full Archimedes spiral



Involute curve

πr πr



Wind spiral

Sin(DA)=0.8



General formula of Equidistant Spiral

r    Radius of the circle

w   speed on the line

v    speed on the circle

D    Distance to the center

equal velocity ratio 

spiral



Conversion of Equidistant Spiral formula

Circle Archimedes Spiral Wind Spiral Involute curve

w = 0 DA = 0°
DA = arcSin(w/v) 
or  w/v = D/r

DA = 90°
w = v

ρ= r
α=θ

ρ= r*θ*(w/v)
α=θ

ρ= r*...
α=θ-β or 
α=θ+β

ρ= r/cos⁡(β)
α= tan⁡(β)-β



Characteristic of Equidistant Spiral

Basic characteristic

1. In each rotation period expand the same distance.

2. Every Equidistant Spiral has a constant ratio of w/v.

same ratio (w/v) at different D  different ratio (w/v) at same D  

w/v=1
D=0



Characteristic of Equidistant Spiral

Advanced characteristic

1. Axisymmetric

 The full path of spiral is Axisymmetric figure.

2. Complementary

 Spiral with different rotate direction will
complementary with each other.

3. Trends to be same

 In a long period all spiral will go the same.

4. Uncertain

 From the track of spiral couldn’t judge the
direction of the motion.



Tangent Line of Wind Spiral

Archimedes helix Wind Spiral  &  Involute curve



Part III

Wind Spiral and Flight Procedure Design 



Wind Spiral review

Wind spiral is one kind of 

Equidistant Spiral

DA = arcSin(w/v) = arcSin(D/r)

（ Default condition：w < v ）

D



Two equivalent drawing methods of wind spiral

1. Using formular 2. Geometric Method

From the center, according to the 𝝷 draw 
radius, draw back with DA, draw E𝝷 and 
tangent line.

Follow the formular

calculate(𝜶，𝝆)



Expand of Wind spiral

E𝝷=(WS/R)*𝝷

||

𝝷=E𝝷/ (WS/R)

Expand distance could be convert to 
the angle to be rotated.



Tangent Line perpendicular 
to the E𝝷.

Given Condition:

DA = 15°

Nominal track direction 120°

Question:

θ1 for 15°outword expansion line:

θ1=120-90+DA-15=30°

θ2 for parallel line:

θ2=120-90+DA=45°

θ3 for 30°inner direction line:

θ3=120-90+DA+30=75°

Calculate of Tangent Line



Common Tangent Line of Wind Spiral



80/260 Procedure Turn Template

Template defined by Two wind-spiral



45/180 Procedure Turn Template

Template defined by Three wind-spiral



PBN Flyby turn protection area

Using 2 wind spiral.(Expansion spiral could be see as the inner one)

A     Heading change in the turn

DA   Drift Angle

WS2

WS1



PBN Flyover turn protection area

Using 3 wind spiral. (Expansion spiral could be see as the inner one)

WS1

WS2

WS3



Base turn protection area

Defined by Four or Five wind spiral.



Basic holding template

Defined by Six wind spiral.



Opportunity for Wind Spiral

1. The concept of Equidistant spiral will change the idea of spiral in 

many ways.

2. The accurate calculation algorithm for PBN and conventional procedure 

will greatly promote the standardization of flight procedure design.

3. Wind spiral algorithm will improve the integrity and accuracy of flight 

procedure.



Challenge for Wind Spiral

1. Need to be widely proved by different country or different agency. to 

avoid any potential error in it.

2. Need to be authority by ICAO, before it become the formal material in 

procedure design.

3. The template in Doc9371 need to be checked with this new method.



Web site for related topic.

Wind Spiral The road for Equidistant

Thanks
Have a good day!


