Multibody Dynamics
Exercises #6 Answers

1. a) (%mL2)9'+%mgLsin(0) =0

b) Three differential/algebraic equations from Lagrange's equations
mx = A,
my +mg =4,

(LmL* )6 =(~%Leos(0)) 4 +(—4 Lsin(6)) 4,
Two differentiated constraint equations

X— (%L cos(@)) 0+ (%L sin(6?))6'?2 =0

j—(+Lsin(8)) 0- (L Lcos(0)) 0> =0

2. a) (4mL)6 +(4mL’ cos(0, -6))6, —(LmL’ sin(6, - 6,))6; +(3mgL)sin(6,) =0

(4mL’ cos(6, - 6,))6, +(+mL* )6, + (4 mL’ sin(0, = 6)) 6] + (4 mgL)sin(6,) =0

b) Six differential/algebraic equations from Lagrange's equations

mx, = A,

my, + mg = 4,

(5mL*)6, =(~4Leos(6)) A4 +(~4 Lsin(6)) 4, +(~Lcos(8,)) 4, +(~Lsin(6,)) 4,
mx, =4,

my, +mg =4,
(£mL*)6, = (=% Lcos(6,)) A +(—4 Lsin(6,)) 4,

Four differentiated constraint equations
% +(—1Lcos(6))6, +(+Lsin(6))6’ =0
3 +(-%+Lsin(8,))6, —(+ Lcos(6)) 07 =0
%, +(~Lcos(8))6, +(Lsin(8,)) 6} +(-LLcos(6,)), + (£ Lsin(6,))0; =0
(

3, +(~Lsin(6)) 6, —(Lcos(6,)) 6 + (-4 Lsin(6,)) 8, — (L Lcos(6,))6; =0

3. a) Two differential/algebraic equations from Lagrange's equations
(4mL) 6, +(+mL’ cos(6, - 6,) )6, — (L mL’ sin(6, - 6)) 63 +(3mgL)sin(6,) = M + 4,
(% mL’ cos(6, — 6, )) 6, + (%mL2 ) 0, + (%mL2 sin(8, — (91)) 0 + (% mgL)sin(6,) = 4,

One differentiated constraint equation
6,+6,=0
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b) Six differential/algebraic equations from Lagrange's equations

mx, = 4

my, +mg =4,

(5mL* )6, = M +(=%cos(6)) A +(—4sin(6))) A, +(~Lcos(6)) A +(~Lsin(6)) A, + A
m¥, = 4,

my, +mg =24,
1 2\ _ L L
(EmL )92 =(—%cos(6,)) 4, +(—%sin(6,)) 4, + 4

Five differentiated constraint equations
% +(=%Lcos(4))0, +(+ Lsin(4)) 6 =0
3, +(=1Lsin(8,))6, - (+ Lcos(§,)) 67 =0
%, +(~Lcos(8))6, +(Lsin(8,)) 6} +(—LLcos(6,))6, + (£ Lsin(6,))0; =0

¥, +(~Lsin(6))) 6, — (L cos(6,)) 67 +(—1 Lsin(8,)) 8, —(+ Lcos(6,))6; =0
6,+6,=0
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