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For “short” thrust, 
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For “long” thrust, 
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1.) Solving Equations of Motion


[image: image4.wmf]b

AX

0

X

1

0

X

mg

T

kx

x

b

x

m

m

mg

T

m

b

m

k

+

=

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

-

-

=

Þ

-

=

+

+

-

&

&

&

&


Given XO, the solution is: 
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Where XSS is the steady state solution.  It is found by substituting equation 2 into equation 1 and solving for XSS.

Doing this for the thrust active time yields: 
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Doing this for the thrust inactive time yields: 
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Assuming a ballistic trajectory while airborne and that the hopper takeoffs and lands @ height = 0 yields:
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So, here are the equations of motion for each state:
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Substituting (5) into (7) yields:
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Combine equations (7), (8), and (10) to get XN+1 in terms of XN:
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Collect exponential terms:
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  (12)

Substitute 
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  (13) into (12)
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2.) Finding Jacobian

Take derivative of (14) with respect to XN (using the chain rule over and over).
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Collect (15) in terms of the derivatives:
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  (16)

Rewrite (16) w/ Greek symbols:
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3.) Finding 
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· For open loop control, 
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· For "short" thrust, to1>0 and 
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· For "long" thrust, to1 = 0 and 
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a.) "Short" Thrust

Using assumptions for "short" thrust, (17) becomes:
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  (18a)

To find these derivatives, look at (8) w/ (7) substituted for Xton:
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From (6), we know that 
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Set (19)=(20) and collect to1 and ta terms on left hand side:
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Differentiate each side with respect to XN:
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Multiply each side by 
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Collect left hand side into new matrix equation:
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The left hand matrix is invertible for ta ( 0, so:
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For "short" thrust, 
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Rewriting with symbols:
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Combining (18a) and (26a) yields:
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b.) "Long" Thrust

Since, to1 = 0 and 
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Using (20) for Xto1:
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Collect ta and ton on the left hand side:
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Differentiate (30) with respect to XN:
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Multiply by 
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Matrix is invertible for ta ( 0, so solve for derivatives:
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Replacing with symbols (using subscript L for "long" force):
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Combining (17), to1 = 0 and 
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3a


ctive time yields: hrust active time yields:  substituting ��������������������������������������������������������������������
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ctive time yields: hrust active time yields:  substituting ��������������������������������������������������������������������
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_1068033579.unknown

_1068034931.unknown

_1068036356.unknown

_1068037166.unknown

_1068037850.unknown

_1068038652.unknown

_1068038782.unknown

_1068039849.unknown

_1068037878.unknown

_1068038473.unknown

_1068037743.unknown

_1068036893.unknown

_1068037114.unknown

_1068036383.unknown

_1068035115.unknown

_1068035375.unknown

_1068035899.unknown

_1068034961.unknown

_1068034029.unknown

_1068034335.unknown

_1068034570.unknown

_1068034189.unknown

_1068033690.unknown

_1068033926.unknown

_1068033055.unknown

_1068033408.unknown

_1068033431.unknown

_1068033280.unknown

_1068033239.unknown

_1068031218.unknown

_1068032232.unknown

_1068031050.unknown

_1068028848.unknown

_1068029048.unknown

_1068029342.unknown

_1068029618.unknown

_1068029160.unknown

_1068028898.unknown

_1068028985.unknown

_1068025267.unknown

_1068026805.unknown

_1068025665.unknown

_1068024767.unknown

_1068024877.unknown

_1068024735.unknown

