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-> (14) a_c[2,3] = SIN(q1)*SIN(q2)
-> (15) a_c[3,1] = -SIN(q2)
-> (16) a_c[3,2] = 0
-> (17) a_c[3,3] = COS(q2)

dircos

The command dircos also creates a direction cosine matrix and has more options.

4.1.2 Euler Angles

Definition:
Not implemented in Autolev?

4.1.3 Euler Parameters

Definition:

aCb =




−2 ε22 − 2 ε32 + 1 2 ε1 ε2 − 2 ε3 ε4 2 ε1 ε3 + 2 ε2 ε4
2 ε1 ε2 + 2 ε3 ε4 −2 ε12 − 2 ε32 + 1 2 ε2 ε3 − 2 ε1 ε4
2 ε1 ε3 − 2 ε2 ε4 2 ε1 ε4 + 2 ε2 ε3 −2 ε12 − 2 ε22 + 1



 (4.1)

Using dircos

(1) %DIRCOS - Euler
(2) frames a,b
(3) variables e{4}
(4) dircos(a,b,euler,e1,e2,e3,e4)

-> (5) a_b[1,1] = 1 - 2*e2^2 - 2*e3^2
-> (6) a_b[1,2] = 2*e1*e2 - 2*e3*e4
-> (7) a_b[1,3] = 2*e1*e3 + 2*e2*e4
-> (8) a_b[2,1] = 2*e1*e2 + 2*e3*e4
-> (9) a_b[2,2] = 1 - 2*e1^2 - 2*e3^2
-> (10) a_b[2,3] = 2*e2*e3 - 2*e1*e4
-> (11) a_b[3,1] = 2*e1*e3 - 2*e2*e4
-> (12) a_b[3,2] = 2*e1*e4 + 2*e2*e3
-> (13) a_b[3,3] = 1 - 2*e1^2 - 2*e2^2

(14) % The Euler Parameters are still symbolic
(15) % Using SIMPROT before or after DIRCOS will overwrite a_b

Note Euler Parameters will also require use of kindiffs - see Kinematical differential
equations.
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8"*/#$H&1)E#$)$,*(C/,&
%     Newtonian, bodies, frames!
newtonian A!
bodies B!
%     Variables, constants, points!
variables q{7}',u{7}’...!
%     KDEs!
q1' = u1 ...!
%     Position vectors ...!
%     Euler parameters!
dircos(A,B,Euler,e1,e2,e3,e4)               !
%     Velocities!
%     Motion constraint!
%     KDEs!
kindiffs(A,B,Euler,e1,e2,e3,e4)             !
%     Accelerations ...!
%     Forces ...!
%     Equations of motion, output Matlab file...&

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

[&



YH$%H1$0&

\=&Y]+$*^&!&

A1+C,5*&)/)$,*&/F&1,$%C(^&K&

U%15C/,^&\/"#/)3&

Y1#&E(_$%,^&",1F/%)&

`$0*/,a!"#$%&b&-c8#$)3$%*&

!"#$%&'(%()$*$%+&

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

X&



`/*(C/,&

8&#(,$&

.&3(##&

\&5/,*(5*&E/1,*&

d&5$,*$%&/F&)(++&

e&2$/)$*%15&5$,*$%&

@&

>&

K&

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

f&



91,$)(C5+&

d1H$,&SL&*Z$&/%1$,*(C/,&g&5(,&3$&F/",-T&

! 

" ="
1
ˆ a 

1
+"

2
ˆ a 

2
+"

3
ˆ a 

3

# = ˙ " 
1
ˆ a 

1
+ ˙ " 

2
ˆ a 

2
+ ˙ " 

3
ˆ a 

3

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

O&



91,$)(C5+&N>P&
\&5/,*(5*&E/1,*&
d&5$,*$%&/F&)(++&
e&2$/)$*%15&5$,*$%&

A$B,1,2&H$#/51*4&(,-&
(55$#$%(C/,&/F&2$/)$*%15&

5$,*$%&

h$#/51*4&(,-&(55$#$%(C/,&/F&
5$,*$%&/F&)(++&i&e&(,-&d&

(%$&/,&(&%121-&3/-4&

h$#/51*4&/F&5/,*(5*&E/1,*&

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

@?&



D#1E&a&+C5:&

I/##1,2&

`/*$&*Z(*&SK&1+&(&K
%-&-$2%$$&/F&F%$$-/)L&

3"*&-/$+&,/*&(]$5*&*Z$&)/C/,&

! 

v
C

= r"
2
ˆ a 

1
# r"

1
ˆ a 

2

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

@@&



91,$C5+&

\/,*(5*&F/%5$&

j,$%C(&F/%5$&

j,$%C(&*/%k"$&

! 

" =
A
v
C

A
v
C

C = #µN" + Na
3

F = #ma
G

T = #I$ #% & I '%

`&

\&

d&

e&

)2&

\&

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

@>&



d/H$%,1,2&$k"(C/,+&

I/##1,2&
! 

F + C "mg ˆ a 
3

= 0

T " P #m(ga
3

+ aG ) " r ˆ a 
3
#C = 0

! 

T " (r ˆ a 
3

+ P) #m(ga
3

+ aG ) = 0

\&

d&

e&

)2&

\&

!"

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

@K&



'(%()$*$%+&(,-&1,1C(#&5/,-1C/,+&

#l?7@?O&)&

$%lX@7K>&`&N@[&#3+P&

m&ml@?&%(-b+&

&'l&("

&)l?&

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

@R&



I$+"#*+^&Z//:&(,-&S&

A$B,1C/,&/F&

E$%5$,*&Z//:^&

! 

H =
100"x

2

18.288

@&

>&

K&

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

@<&



I$+"#*+^&Z//:&(,-&S&N>P&

8J1+&%/*(C/,&n&(,-&(J1+&C#*&o&

U%/)&91,2L&'$%:1,+L&$*&(#7&N>?@?P7&&./0#1,2&-4,()15+&%$H$(#$-&34&)1,1(*"%$&01%$#$++&=!=D&j=p7&

! 

" = tan
#1 $

2

#$
1

% 

& 
' 

( 

) 
* 

+ = tan
#1 $

3

$
1

2
+$

2

2

% 

& 

' 
' 

( 

) 

* 
* 

!"#$%&'(%()$*$%+& ,"+*-.&$*&(#/&0121&

@[&



I$+"#*+^&Z//:&(,-&S&NKP&

6//:&!&01*Z&n&"L&F/%&(&

5/,+*(,*&mSm&

6//:&"&01*Z&o&!L&F/%&(&

5/,+*(,*&mSm&

6//:&5/,+*(,*&01*Z&SK&!&

! " |#| H 
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