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8.1 Lagrangian Formulation



Important concepts, symbols, and equations

- forward dynamics (for simulation): 6,6,t — 6
- inverse dynamics (for control): 6,6,0 - 1
« two equivalent approaches to computing the dynamics:

« Lagrangian (variational, based on energy)
* Newton-Euler (“f = ma” for the rigid bodies)
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Important concepts, symbols, and equations (cont.)

Lagrangian approach:

Lagrangian L(0,0) = K(6,6) —P(6) kinetic minus potential energy
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Ti = E@éi — 59, In components
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Important concepts, symbols, and equations (cont.)

Standard forms of dynamic equations:

T = M(6)6+h(6,6)

= M(6)6 + c(8,0) + g(b

= M(9)9 +0 INQ )9 + g(0)

= M(0)6+C(0,0)6 + g(6)
M(0) nxn symmetric positive definite mass matrix
2(0) gravity (potential) terms
c(6,0) velocity-product terms
I'(6) nxnxn tensor of Christoffel symbols (due to nonzero dM/06)

C(6,0) Coriolis matrix
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Important concepts, symbols, and equations (cont.)

Velocity-product terms (¢(6,08) , C(6,0)0 , 6™T(6)8) consist of

- centripetal terms, e.qg.,

m2L1 LQH% sin 92

- Coriolis terms, e.qg.,

—My L1 L2 sin 92 (29192)
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RP in gravity

P1 =migyr = mygL;sint,
Pa = magys = mogls sin 04

K1 = sm(@ +32) + 5T} = 3 (T + L)
Ko = %mz(jzg +95) + %IQQ% = % ((Iz + mzH%)é% -+ mzég)
L=Ki+Ks—P1—Py= %mﬁgé% T ...
=L+

product rule: (fg)' =f'g+fg’

af(g®) _ (ﬁ) dg

chain rule: ” 20)
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RP in gravity 1 .
‘Ll — 511120%9%

Contribution to 7,:
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Contribution to 7;:
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RP in gravity

= M(6)0 + c(0,0) + g(6)

i 2 2
M(6) = i +Ir + nz)lLl + my63 n(1)2 ]
: - 21112929192 ]
c(0,0) = :
( ) —m2920%

. [ (m1L1 —|—m292)gcos 01
g(e) o mag sin 91

Explain the velocity-product terms.
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