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Definition of a Gyrostat

A system of rigid bodies and/or particles whose

• System center of mass location is independent of
configuration

• System central inertia tensor is independent of
configuration
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Types of gyrostats

Cylindrical gyrostat Spherical gyrostat
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Everyday examples

• Toy Gyroscopes

• Unicycles (symmetric wheel)

• Bicycles (two unicycles connected by a hinge)

• Helicoptors (main rotor and tail rotor)

• Flywheels

• Spherical dampers (satellite)
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Nomenclature

• “Carrier” – A
• mass mA

• Central inertia tensor IA/Ao

• Angular velocity NωA

• “Rotor” – B
• mass mB

• Symmetry axis b
• Central inertia tensor

• IB/Bo = KU + (J −K)bb (cylindrical rotor)
• IB/Bo = IU (spherical rotor)

• AωB = Ωb

• “Gyrostat” – G, mass mG, Central inertia tensor IG/Go

• “Rigid Gyrostat” – RG, mass mG, Central inertia tensor
IG/Go , same angular velocity as A
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Mass and Inertia Relationships

• mG = mA + mB

• IG/Go = IA/Ao + IAo/Go + IB/Bo + IBo/Go

• ICG/Go , IG/Go − Jbb

• ISG/Go , IG/Go − Ibb
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Angular Momentum

Free rotors (traditional) – ωs , AωB · b

NHRG/Go , IG/Go · NωA

NHG/Go = NHRG/Go + Jωsb

Free rotors (“efficient”) – ωs , NωB · b

NHCG/Go , ICG/Go · NωA

NHG/Go = NHCG/Go + Jωsb
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Inertia Torque

Free rotors (traditional) – ωs , AωB · b

NTRG , IG/Go · NαA + NωA × IG/Go · NωA

NTG = NTRG + J(ω̇sb+ NωA × ωsb)

Free rotors (“efficient”) – ωs , NωB · b

NTCG , ICG/Go · NαA + NωA × ICG/Go · NωA

NTG = NTCG + J(ω̇sb+ NωA × ωsb)

Inertia Torque of G in N

T ∗ , −NTG
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Example

Traditional

Carrier A • mass mA

• IA/Ao = Ixxaxax + Iyyayay + Izzazaz +
Ixzaxaz + Ixzazax

Rotor B • mass mB

• IB/Bo = Iaxax + Jayay + Iazaz

Geometry rAo/Bo = xax + zaz

New

Gyrostat G • mass mG

• IG/Go = IGxxaxax + IGyyayay +
IGzzazaz + IGxzaxaz + IGxzazax

• Rotor spin moment of inertia J

Geometry rBo/Go = xgax + zgaz
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Conclusions

To minimize complexity of motion equations:

• For derivation of motion equations, define mass and
inertia scalars in a gyrostat framework, rather than
defining these scalars for each individual body

• Introduce geometric scalars which locate mass centers
relative to the gyrostat mass center

• For free moving rotors, use generalized speeds which
measure the component(s) of angular velocity about the
axis of rotation, relative to the inertial frame

• For rotors with a specified spin rate, use generalized speeds
which measure the component(s) of angular velocity about
the axis of rotation, relative to the carrier frame
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