THE MAPPING MATRIX FOR ‘RT’ INTO ‘MRT’ :





Recapping from above, we have :





	XT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





	YT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





 	MXT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





	MYT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





But,





	XT(t) is orthogonal to eXGC and is in the  eXGA/eXGB  plane.





	YT(t) is orthogonal to eYGC and is in the  eYGA/eYGB  plane.


	


	MXT(t)  is orthogonal to eXFC and is in the  eXFA/eXFB  plane.


 


	MYT(t)  is orthogonal to eYFC and is therefore in the  eYFA/eYFB  plane.








We therefore set up :





	XT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���    � EMBED Equation.2  ���





and


	YT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





But we want to use � EMBED Equation.2  ��� and � EMBED Equation.2  ���, in lieu of  � EMBED Equation.2  ��� and � EMBED Equation.2  ��� as the base set of bases





because this will greatly facilitate our analysis of the Force Function in the later chapters.








Therefore, we set up :





	XT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





and





	YT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





But remembering that :





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





and





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





Therefore, taking reciprocals yields :





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





and





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





Therefore,





	XT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���








	           =    � EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���








But, from above,





	XT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ��� 





Therefore, equating the equations  yields :





	XGA   =   XFA





	XGB   =   XFB cos yM   +   XFC sin yM





and	   0      =    - XFB sin yM   +   XFC cosyM





subsequently yielding, from the last of these 3 equations :





	XFC   =   XFB tan yM





so that :





	XGB   =   XFB cos yM   +   XFC sin yM





	           =   XFB cos yM   +   XFB tan yM sin yM





	           =   XFB cos yM  (1   +   tan2 yM)





and similarly for Y,





	YT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���	


    � EMBED Equation.2  ���


		=   � EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





But, from above,





		=   � EMBED Equation.2  ���� EMBED Equation.2  ���





Therefore, equating the equations  yields :





	YGA   =   YFA





	YGB   =   YFB cos yM   +   YFC sin yM





	   0      =    - YFB sin yM   +   YFC cosyM





subsequently yielding, from the last of these 3 equations :





	YFC   =   YFB tan yM





so that :





	YGB   =   YFB cos yM   +   YFC sin yM





	           =   YFB cos yM   +   YFB tan yM sin yM





	           =   YFB cos yM  (1   +   tan2 yM)








�
From before, we have :





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





and :





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���








Therefore,  noting that  :





	XT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





	where   XFC   =   XFB tan yM





we have :





	x1   =   XFA * FA1   +   XFB * FB1   +   XFB * tan yM * � EMBED Equation.2  ���





	x2   =   XFA * FA2   +   XFB * FB2   +   XFB * tan yM * � EMBED Equation.2  ���





	x3   =   XFA * FA3   +   XFB * FB3   +   XFB * tan yM * � EMBED Equation.2  ���





and noting that  :





	YT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ��� 





	where   YFC   =   YFB tan yM





we have :





	y1   =   YFA * FA1   +   YFB * FB1   +   YFB * tan yM * � EMBED Equation.2  ���





	y2   =   YFA * FA2   +   YFB * FB2   +   XFB * tan yM * � EMBED Equation.2  ���





	y3   =   YFA * FA3   +   YFB * FB3   +   XFB * tan yM * � EMBED Equation.2  ���








Remembering that we have set up :





	m1    =   - FB1 sin yM   +   � EMBED Equation.2  ��� cos yM


	m2   =   - FB2 sin yM   +   � EMBED Equation.2  ��� cos yM


	m3   =   - FB3 sin yM   +   � EMBED Equation.2  ��� cos yM





Therefore :





	m1x1   =	-   XFA* sin yM *FA1*FB1





				-   XFB* sin yM *FB1*FB1


				-   XFB* � EMBED Equation.2  ���* sin yM * tan yM*FB1


				+   XFA*� EMBED Equation.2  ���* cos yM *FA1


				+   XFB*� EMBED Equation.2  ���* cos yM  *FB1


				+   XFB*� EMBED Equation.2  ���*� EMBED Equation.2  ���* cos yM * tan yM





�
	m2x2  =		-   XFA* sin yM *FA2*FB2





				-   XFB* sin yM *FB2*FB2	


				-   XFB* � EMBED Equation.2  ���* sin yM * tan yM*FB2


				+   XFA*� EMBED Equation.2  ���* cos yM *FA2


				+   XFB*� EMBED Equation.2  ���* cos yM  *FB2


				+   XFB*� EMBED Equation.2  ���*� EMBED Equation.2  ���* cos yM * tan yM


	


	m3x3   =	-   XFA* sin yM *FA3*FB3





				-   XFB* sin yM *FB3*FB3





 				-   XFB* � EMBED Equation.2  ���* sin yM * tan yM*FB3


				+   XFA*� EMBED Equation.2  ���* cos yM *FA3


				+   XFB*� EMBED Equation.2  ���* cos yM  *FB3


				+   XFB*� EMBED Equation.2  ���*� EMBED Equation.2  ���* cos yM * tan yM





	m1y1   =	-   YFA* sin yM *FA1*FB1





				-   YFB* sin yM *FB1*FB1


				-   YFB* � EMBED Equation.2  ���* sin yM * tan yM*FB1


				+   YFA*� EMBED Equation.2  ���* cos yM *FA1


				+   YFB*� EMBED Equation.2  ���* cos yM  *FB1


				+   YFB*� EMBED Equation.2  ���*� EMBED Equation.2  ���* cos yM * tan yM





�
	m2y2   =	-   YFA* sin yM *FA2*FB2





				-   YFB* sin yM *FB2*FB2 


				-   YFB* � EMBED Equation.2  ���* sin yM * tan yM*FB2


				+   YFA*� EMBED Equation.2  ���* cos yM *FA2


				+   YFB*� EMBED Equation.2  ���* cos yM  *FB2


				+   YFB*� EMBED Equation.2  ���*� EMBED Equation.2  ���* cos yM * tan yM


	


	m3 y3   =	-   YFA* sin yM *FA3*FB3





				-   YFB* sin yM *FB3*FB3





 				-   YFB* � EMBED Equation.2  ���* sin yM * tan yM*FB3


				+   YFA*� EMBED Equation.2  ���* cos yM *FA3


				+   YFB*� EMBED Equation.2  ���* cos yM  *FB3


				+   YFB*� EMBED Equation.2  ���*� EMBED Equation.2  ���* cos yM * tan yM





Therefore, regrouping yields :





	m1x1   =	+   XFA*( - sin yM *FA1*FB1   + � EMBED Equation.2  ���* cos yM *FA1 )


				+   XFB* ( - sin yM *FB1*FB1   - � EMBED Equation.2  ���* sin yM * tan yM*FB1


			 		      + � EMBED Equation.2  ���* cos yM *FB1   +   � EMBED Equation.2  ���* cos yM * tan yM )





	m2x2   =	+   XFA*( - sin yM *FA2*FB2   + � EMBED Equation.2  ���* cos yM *FA2 )


				+   XFB* ( - sin yM *FB2*FB2   - � EMBED Equation.2  ���* sin yM * tan yM*FB2


			 		      + � EMBED Equation.2  ���* cos yM *FB2   +   � EMBED Equation.2  ���* cos yM * tan yM )





	m3x3   =	+   XFA*( - sin yM *FA3* FB3   + � EMBED Equation.2  ���* cos yM *FA3 )


				+   XFB* ( - sin yM *FB3*FB3   - � EMBED Equation.2  ���* sin yM * tan yM*FB3


			 		      + � EMBED Equation.2  ���* cos yM *FB3   +   � EMBED Equation.2  ���* cos yM * tan yM )





	m1y1   =	+   YFA*( - sin yM *FA1*FB1   + � EMBED Equation.2  ���* cos yM *FA1 )


				+   YFB* ( - sin yM *FB1*FB1   - � EMBED Equation.2  ���* sin yM * tan yM* FB1


			 		      + � EMBED Equation.2  ���* cos yM *FB1   +   � EMBED Equation.2  ���* cos yM * tan yM )





	m2y2   =	+   YFA*( - sin yM *FA2* FB2   + � EMBED Equation.2  ���* cos yM *FA2 )


				 +   YFB* ( - sin yM *FB2*FB2   - � EMBED Equation.2  ���* sin yM * tan yM*FB2


			 		       + � EMBED Equation.2  ���* cos yM *FB2   +   � EMBED Equation.2  ���* cos yM * tan yM )





	m3y3   =	+   YFA*( - sin yM *FA3*FB3   + � EMBED Equation.2  ���* cos yM *FA3 )


				+  YGB* ( - sin yM *FB3*FB3   - � EMBED Equation.2  ���* cos yM * tan yM*FB3


			 		      + � EMBED Equation.2  ���* cos yM *FB3   +   � EMBED Equation.2  ���* cos yM * tan yM )





Therefore, remembering that :





	MXT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





	MYT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





�
and,





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���


and :





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





Therefore :





	     MXT(t)   DOT   eXFA





	=   +   XFA*( - sin yM *� EMBED Equation.2  ���FAi*FAi*FBi


			 + � EMBED Equation.2  ���* cos yM *� EMBED Equation.2  ��� FAi*FAi )


	     +  XFB* ( - sin yM *� EMBED Equation.2  ��� FAi*FBi*FBi


		             - � EMBED Equation.2  ���* sin yM * tan yM * � EMBED Equation.2  ��� FAi*FBi


			


			 + � EMBED Equation.2  ���* cos yM  *� EMBED Equation.2  ��� FAi* FBi   +   � EMBED Equation.2  ���* cos yM * tan yM � EMBED Equation.2  ��� FAi )





�
and





	     MXT(t)   DOT   eXFB





	=   +   XFA*( - sin yM *� EMBED Equation.2  ���FAi*FBi*FBi


			 + � EMBED Equation.2  ���* cos yM *� EMBED Equation.2  ���FAi*FBi )


	     +  XFB* ( - sin yM *� EMBED Equation.2  ���FBi*FBi*FBi


		             - � EMBED Equation.2  ���* sin yM * tan yM* � EMBED Equation.2  ���FBi*FBi





			 +   � EMBED Equation.2  ���* cos yM  *� EMBED Equation.2  ���FBi*FBi +   � EMBED Equation.2  ���* cos yM * tan yM � EMBED Equation.2  ���FBi )





and





	     MXT(t)   DOT   eXFC





	=   +   XFA*( - sin yM *� EMBED Equation.2  ���FAi*FBi*� EMBED Equation.2  ���


			 + � EMBED Equation.2  ���* cos yM *� EMBED Equation.2  ���FAi*� EMBED Equation.2  ���)


	      +  XFB* ( - sin yM *� EMBED Equation.2  ���FBi*FBi*� EMBED Equation.2  ���


			 - � EMBED Equation.2  ���* sin yM * tan yM* � EMBED Equation.2  ���FBi*� EMBED Equation.2  ���





			 + � EMBED Equation.2  ���* cos yM  *� EMBED Equation.2  ���FBi*� EMBED Equation.2  ���   +   � EMBED Equation.2  ���* cos yM * tan yM � EMBED Equation.2  ���� EMBED Equation.2  ���)





�
and





	     MYT(t)   DOT   eYFA





	=   +   YFA*( - sin yM *� EMBED Equation.2  ���FAi*FAi*FBi


			 + � EMBED Equation.2  ���* cos yM *� EMBED Equation.2  ��� FAi*FAi )


	     +  YFB* ( - sin yM *� EMBED Equation.2  ��� FAi*FBi*FBi


		            - � EMBED Equation.2  ���* sin yM * tan yM * � EMBED Equation.2  ��� FAi*FBi





			+ � EMBED Equation.2  ���* cos yM  *� EMBED Equation.2  ��� FAi* FBi   +   � EMBED Equation.2  ���* cos yM * tan yM � EMBED Equation.2  ��� FAi )





and





	     MYT(t)   DOT   eYFB





	=   +   YFA*( - sin yM *� EMBED Equation.2  ���FAi*FBi*FBi


			 + � EMBED Equation.2  ���* cos yM *� EMBED Equation.2  ���FAi*FBi )


	      +  YFB* ( - sin yM *� EMBED Equation.2  ���FBi*FBi*FBi


		            - � EMBED Equation.2  ���* sin yM * tan yM* � EMBED Equation.2  ���FBi*FBi





			+ � EMBED Equation.2  ���* cos yM  *� EMBED Equation.2  ���FBi*FBi +   � EMBED Equation.2  ���* cos yM * tan yM � EMBED Equation.2  ���FBi )





�
and





	     MYT(t)   DOT   eYFC





	=   +   YFA*( - sin yM *� EMBED Equation.2  ���FAi*FBi*� EMBED Equation.2  ���


			 + � EMBED Equation.2  ���* cos yM *� EMBED Equation.2  ���FAi*� EMBED Equation.2  ���)


	      +   YFB* ( - sin yM *� EMBED Equation.2  ���FBi*FBi*� EMBED Equation.2  ���


		               - � EMBED Equation.2  ���* sin yM * tan yM* � EMBED Equation.2  ���FBi*� EMBED Equation.2  ���


			


			 + � EMBED Equation.2  ���* cos yM  *� EMBED Equation.2  ���FBi*� EMBED Equation.2  ���   +   � EMBED Equation.2  ���* cos yM * tan yM � EMBED Equation.2  ���� EMBED Equation.2  ���)





Therefore, from Appendix A, we have :





a)	� EMBED Equation.2  ���FAi   =   0     	





b)	� EMBED Equation.2  ���FBi   =   0





c)	� EMBED Equation.2  ���� EMBED Equation.2  ���   =   � EMBED Equation.2  ���





d)	� EMBED Equation.2  ���FAi*FAi   =   1


 


e)	� EMBED Equation.2  ���FAi*FBi   =   0





f)	� EMBED Equation.2  ���FBi*FBi   =   1





g)	� EMBED Equation.2  ���FAi*FAi*FAi    =   � EMBED Equation.2  ���* sin 3qM





h)	� EMBED Equation.2  ���FAi*FAi*FBi    =   � EMBED Equation.2  ���* cos 3qM





i)	� EMBED Equation.2  ��� FAi*FBi*FBi    =   - � EMBED Equation.2  ���* sin 3qM





j)	� EMBED Equation.2  ��� FBi*FBi*FBi    =   - � EMBED Equation.2  ���* cos 3qM





(the reader can confirm, with these value, that





	MXT(t)   DOT   eXFC    =   0,   and





	MYT(t)   DOT   eYFC   =   0  )








Thus, if the vector





	XT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





	where   XFC   =   XFB tan yM,





is mapped into the vector





	MXT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





and the vector





	YT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





	where   YFC   =   YFB tan yM,





�
is mapped into the vector





	MYT(t)   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





then we have :


	


	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





and





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���





such that :





	KQ11   =   � EMBED Equation.2  ���* cos yM   - � EMBED Equation.2  ���* sin yM * cos 3qM 





	KQ12   =   + � EMBED Equation.2  ���* sin yM * sin 3qM





	KQ21   =   + � EMBED Equation.2  ���* sin yM * sin 3qM





	KQ22   =   � EMBED Equation.2  ���* cos yM   +  � EMBED Equation.2  ���* sin yM * cos 3qM   -   � EMBED Equation.2  ���* sin yM * tan yM





We note here with interest that these KQ’s are dependent on  cos 3qM   and   sin 3qM. This basically means that for every  Dq M   =   n * (2P/3)   where n is an integer, we have :





	cos 3qM   =   cos 3(qM  + Dq M )





	sin 3qM   =   sin 3(qM  + Dq M )


��
This means that the Mass Vector is ‘quasi’ tri-symmetric on the eMFA/eMFB plane, with an illustrative example as follows :





	Holding yM constant at 0.615480 radians, (or 34.26 degrees)





	(i.e.   sin yM  =� EMBED Equation.2  ���, and  cos yM  = � EMBED Equation.2  ��� )





	at    qM   =   P/3,	m1 =   0   ,	m2 = � EMBED Equation.2  ���,	m3   =   � EMBED Equation.2  ���


	at    qM   =   P,		m1 = � EMBED Equation.2  ���,	m2 = � EMBED Equation.2  ���,	m3   =   0


	at    qM   =   5P/3,	m1 = � EMBED Equation.2  ���,	m2 =    0  ,	m3   = � EMBED Equation.2  ���





We are therefore interchanging  m1, m2, and m3  around when we increase  qM  by a  Dq M  of  2P/3  (or 120 degrees).








Another point to note here is that the actual Mapping Matrix for :





	


	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���   and





	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���� EMBED Equation.2  ���








is where:





	KK1   =   � EMBED Equation.2  ���* cos yM   - � EMBED Equation.2  ���* sin yM * cos 3qM 





	KK2   =   + � EMBED Equation.2  ���* sin yM * sin 3qM





	KK3   =   0





	KK4   =   + � EMBED Equation.2  ���* sin yM * sin 3qM





	KK5   =   � EMBED Equation.2  ���* cos yM   +  � EMBED Equation.2  ���* sin yM * cos 3qM





	KK6   =   -  � EMBED Equation.2  ���* sin yM 





	KK7   =  0





	KK8   =   -  � EMBED Equation.2  ���* sin yM 





	KK9   =   � EMBED Equation.2  ���* cos yM





But we have required that :





	XFC   =   XFB* tan yM	so that   MXFC   =   0,





					(MXT is on the eXFA/eXFB plane)





and


 


	YFC   =   YFB* tan yM	so that   MYFC   =   0,





					(MYT is on the eYFA/eYFB plane)


 


thus allowing this Mapping Matrix to ‘collapse’ into the 





	� EMBED Equation.2  ���   Mapping Matrix.
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