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20- PLANE CHANGE MANEUVERS

Orbits
having a 
common focus 
F generally do 
not  lie in a 
common plane.common plane.

Since the common focus lies in every orbital plane it must lie on 
the line of intersection of any two orbits.

For a spacecraft in orbit 1 to change its plane to that of orbit 2 
by means of a single ∆V maneuver (cranking maneuver), it must 
do so when it is on the line of intersection of the orbital planes
(points B and D)

ä� dihedral angle

- transverse component of velocity

- radial component of velocity

V

rV
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20- PLANE CHANGE MANEUVERS

 Changing the 
plane of orbit 1 
requires simply 
rotating     
around the 
intersection 

V

intersection 
line through 
the  ä angle .

 If      &   = constant, then the orbit remains 

unchanged except for its new orientation in space. 

 If the magnitudes of       &      change in the 

process, then the rotated orbit acquires a new size and 

shape.    

rV
V

V rV
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20- PLANE CHANGE MANEUVERS

To find ∆V associated with a plane change, let     be the  To find ∆V associated with a plane change, let     be the 

velocity before and     the velocity after the impulsive 

maneuver.

: radial unit vector directed along the line of intersection of the 

two orbital planes.

: unit vector is perpendicular to      and lies in the orbital plane. 

(         ,         )
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20- PLANE CHANGE MANEUVERS

The change in the velocity vector is  The change ∆V in the velocity vector is 

 ∆V is found by taking the dot product of ∆V with itself

 The general formula for ∆V with plane change is:

(1)
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20- PLANE CHANGE MANEUVERS

 From the definition of the flight path angle:

 Substituting these relations into equation1 expanding and 

collecting terms, and using the trig identities, leads to another 

version of the same equation.

 If ä = 0  cosä = 1  (2) 

 Which is the cosine law we have been using to compute ∆V in 

coplanar maneuvers

(2)
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20- PLANE CHANGE MANEUVERS

 To keep ∆V at a minimum, the radial velocity should 
remain unchanged during a plane change maneuver.

 It is clear from equation(1)

 For the same reason it is apparent that the maneuver  For the same reason it is apparent that the maneuver 

should occur where      is smallest, which is at apoapse. 

(figure) 
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20- PLANE CHANGE MANEUVERS

 In this case:

equ(1) 

(3)

 Equation (3) is for a speed change accompanied by a 
plane change 
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20- PLANE CHANGE MANEUVERS

 As we mentioned equation(3) is for a speed change 
accompanied by a plane change. accompanied by a plane change. 

So using the trig identity:

We can rewrite equation(3) as follows for a plane change 
together with a speed change at apoapse or periapse:

 If there is no change in  the speed (           )    equation 
(4) yields

ä :pure rotation of the velocity vector

(4)

(5)
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20- PLANE CHANGE MANEUVERS

 Another plane-change strategy is to rotate the velocity 
vector and then change its magnitude. (figure (b))

 In that case, the ∆V is:

Another possibility is to change the speed first and then 
rotate the velocity vector (figure(c)), then:
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20- PLANE CHANGE MANEUVERS

 It is easy to show that

It follows that plane change accompanied by speed 
change is the most efficient of the above three maneuvers.
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20- PLANE CHANGE MANEUVERS

 The ∆V for pure rotation of the velocity vector, 
according to equ(5)

Is ploted in the bellow figure:

(5)

Note 32 P293 (1)
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20- PLANE CHANGE MANEUVERS

Note 33 P293 (1)
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20- PLANE CHANGE MANEUVERS

Note 34 P294 (1)

cos (I)  = cos (ö )sin (A)

Prograde & Retrograde orbits
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20- PLANE CHANGE MANEUVERS

Note 35 P296 (1)
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19- PALNE CHANGE MANEUVERS

 Find the ∆V required to transfer a satellite from a circular,
300km altitude low earth orbit of 28� inclination to a
geostationary equatorial orbit. Circularize and change the
inclination at GEO altitude. Compare that ∆V requirement
with the one in which the plane change is done in the low-
earth orbit.

EXAMPLE 19.1

earth orbit.
 figure bellow shows the 28� inclined low-earth parking orbit

(1), the coplanar Hohmann transfer ellipse (2), and the
coplanar GEO orbit(3)
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