Derivation of Compound Trebuche Equations of Motion

(Requires a College Sophomore Mechanics Course)
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The mass my has been used to model the moment of inertia of the arm and turning shaft.
Any potentid energy of the arm has been ignored. The taut ding r» tethers the throwing
mass mp. The dropped weight is of course has mass M.

In Cartesian coordinate the position of ny and my are given by the expressons.
X =rsn(a,) % =ren(d,) +r, Sn(d,)

y; =, cos(q,) y; =r,co8(,) +r, c0s(q,)

One can then calculate the Kinetic Energy (K) and the Potentiad Energy (U) of the
sysem.

1 o1 . . . 1 .
K= Emlrfqlz +5mz(rfql2 +r7q; +2r,r,0,4, cos(, - q,)) +§Mqul2
U=- Mghql + ng(rl S.n(ql) + r2 Squz))

The Lagrangian is given by L=K-U, and the equations of motion can be found by
variationd techniques usng the Euler-Lagrange equations.
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The resulting equations of motion respectively ares

Mgh - myar, Cos(ql) - my -22r1r2 S-n(ql - qz) - mzrlzq.l - rnlrlzq'l - Mr 2q1 - mzrlrzq.z Cos(ql - qz) =0
and

- myar, COS(q 2) + mzq'lzrlrz gr'(Ql - Q2) - mzrzzq.2 - m2r1r2q“1 COS(Ql - Q2) =0



These coupled differentid equations are very difficult if not impossible to solve in closed
form. These are solved numericaly with a computer by setting initial conditions.

A, =-P/4.0, =-P/.0, =d, =0 at t=0 seconds
Oneisthe left with two equationsin two unknowns g, and d, . Solving for g, and
q., these are plugged back into the equations.

t(=t+ Dt

qf=q, +q,Dt
q$=qd, +q,Dt
q¢=q, +q,Dt
q$=0, +q,Dt

and the process is repeated iteratively.



