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ABSTRACT

This task is to derive the Hamiltonian equations of motion for BMW 323{ vehicle. The kinematic
relationships are defined. The cut constraint equations are derived. The Hamiltonian equation of
motion are developed. The constant mass matrices are identified. The cut constraint equations are
stabilized. The stabilized constraint equations are used to derive the relationships between the indepe-
ndent and dependent coordinates. The Hamiltonian equations of motion are reduced only in terms

of the independent generalized coordinates.
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Table2 Degree of Freedom and Constraints

Constraints Bodies
Strut Joint (ST 1): 1-2 2
Strut Joint (ST 2) : 1-3 2
Revolute—Spherical Joint (RS1) | Five
1 1-2 2 |Bodies
Revolute—Spherical Joint (RS2) | 5X7
1 1-3 2| =35
Revolute Joint (R1) : 1-4 5
Revolute Joint (R2): 1-5 5
Distance Constraint (D1):1-2 |
Distance Constraint (D2):1-3 1
Driving Constraint (DR): 1
Euler Parameter Normalization 5
Total 26 35
Degree of B—2%=9
Freedom
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Appendix

(A.1) Relative Transformation matrics

A" g, Q)= Ax(ql)Ay(qz)Az(q;)

Ay"[@5 90 9) = A (Q0A (A, (@)
cos{qq) -sin(ge) O

A41"(‘3l9)= sin(qg) cos(qe) O
0 0 1
i cos(qq) -sin(q;p) O
Asy; @9)=| sin(@yg) cos(qye) O

0 0 1

(A.2) Defintion of B matrics

[ 1 ©D
B1= 1+1
0 D,

B. = -(F1+512,0A7D, -hyy

)=

-A,D, 0

Bas -(T1#513,0A3D; -h3,

’ -AsD; 0

~(TgtS a1 gy
B, =| 4rsa

“U41

_ (-(r5+s51)u51
sy



56/ X
(A.3) Constraint Jacobian matrix

¢c11}334= gl (7 48912~y ~ $12.1)A2D;
‘b§}2,34= 2d15,[ (7 + S22 T ~$121)A;D;
‘1’3}234: 2d1,5 [ +5213- T =512, )A,D,
‘I’: 618 w3 (3 + 53,5 ~F ~S13.4)A3D;
qsszg- 2433 5[ (3 + 535 - F1=5134)A3D;

6
(Dq5628‘ 2d13 63 +536 ~1 —5134)A3D;

(A.4) Definition of M* matrix

M
= [ BT(¥, + ¥1, + ¥, + ¥, + M))B, B 18,8,
BT{1,B, BM,B,

BIM;B, 0

BB, 0

i BTM;B 0

—hy;]
.‘hn]
~hy; ]

-h3 ]
=hy;]

~h3; ]

B [M;B,
0
BiN,B,
0
0

(A.5) Definition of mass matrix M** and the X** Vector

L1

M
< T - c . ¢ ™ v T oy TS TSR]
= | BI(M, + M, + 83 + M, + M)B, BIN,B,H,  DBIMBjH, BTNB, BT¥;B;
BIN,B, I, I BIN,B,IT, 0 0
T tor Ty T ‘
B1¥,B, 0 0 BINB, 0
I BTSL,B, 0 0 0  BI¥B,)
B] (F1,B,X; + M3B;X,)
HBIN,B,X,
tht: ) .
H,BIN;B,X,
0

0 o




