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Allthevectors are represented in theboyfixedoordina在Axgzliji
Ūo isthe rotatingrate of thebodyfixedcoordinate Axgz
withrespect to the inertial coordinate OXYZ

ǜè Üitliyjtli È 是乍

Howdowe geteq.li and⼭
in thetime derivative of a Vector in a rotatingcoordinate

Suppose F is a vector represented ya rotatingcoordinate
Then 㼭 ⼆區

whenno
⼗ ŪXF

Govern Equations of 6 dof Rigid Body:














































































































So Newton's SecondLaw Fm 器
If Ǔ is representedin g rotting

coordinate then
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ri d1舉 ⼆ Iǜt Ūx 北

ˊ
TopView f

x F hi
f iii constructs a rig coordinate Axgz

if_f centeredon the CMofMebodyandrotates
________ withrespect to OXYZ by wi

y Ò R Ipnth

2 Usethe Force eq.li

Frytūxifmlvii mlwixvxi

mviitmwvxj
Since以⼆ RW.EE mRÜ it MRWj

force to acceleratehe speed
centrifugal force to constrainMe body in a circularpath

1) Describe the motion.

Example 1: Spacecraft in circular motion with constant Radius.












































































































3 Use TorqueEq⼭
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Asthe body notes faster W willincrease thus a torquealong
Z axis is required to increasethe rotatingspeed

Conclusion

Er a body in a circular motion with constant angular acceleration

R constant W constant

A constant Tque Mz IzzW is required

A constant Force tangential to its motion 今⼆MRW is required

and An INCREASING Centrifugal fee 全⼆MRW is required
where W wlt Wldtüdtj































































































R N N Vx are all constants
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NOTE Herewe

成⼆MRǗFMRW E 0 sumtheforcealongthe
Xyz'framebecausethe

Thus Émci becomes
alongthisframe
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Now let'slook at the Tqne Eq
A I Ǘōxlgg

tNote WE wtsnxjtcosaD
Wg it Wz I

wlixlljwi wjtwzDxli刻衡
WgitWzDY Iywyjt Izwzì
Izwywzi ⼀ Iywgwzi

⼆
Wywz Iztg i Wsina.cosxlIz

IDiMxWsmx.cosa.LIZID

A quadcopter is different from a spacecraft

a) it needs to fight against gravity.

b) its force points only in the z direction.

Using the results from example 1, the force required for a body to move

in circular path is

Example 2: Quadcopter circular motion

Thus, for a quadcopter to move in a circular motion, it needs

an roll angle      to provide the centrifugal force.













































































































Imaginethismoment ofiiii constructed by
fourmassblocks at he following positions so that

y堡 We can analyzethe rigidbody as differentpunt
a mass

Pointmassdynamics i

昨 剁刷 f 圈Ǎ angularmomentumofpointB y停薪邀withrespect t G

Now let's spin he rigidbodyalong its y axis the intermediateaxis
with a small roll angle along x axis

Back View
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Ffxilrjhnxlmwr tnwlitmwrii

So, if Izz is not equal to Iyy, then a constant torque along x-axis is required. This 
torque is required to maintain the quadcopter’s roll angle, which in turns provide the 
centrifugal force for circular motion.

(Normally Izz is not equal to Iyy for quadcopter.)



Now we are prepared to understand the counter-intuitive rotating behavior of 
Dzhanibekov effect (or intermediate axis theorem)



For a t-shaped object, Ixx<Iyy<Izz.















































Conclusion: in order for this rigid body to rotate with a small roll angle , it is required to provide a 
torque along x axis. 

Otherwise, if this torque is absent, the small roll angle cannot be maintained, and the mass A and B 
start to rotate around the positive x axis. In other words, it will “flip”. This is the phenomenon of 
Dzhanibekov effect.



The interesting point is that: the effect seems to violate the Newton’s law. Yet it is the Newton’s law 
that governs this behavior.

Mii哭 oxiwixfmwryrzitmwj
籝 mwryrzi

Mass B
i ryj rzk.li wixl ryj rzD wrzi.imwrziijxfsl ryj rzilxl.mu rzi mwryrzitmwrij

肱 ⼆ d是⼆ wixtmwrgrzitmwrij muiryrzi

InǗi
8咳 咳啊 2muiryrzi


