SETTING UP ‘RT’ IN eXK1/eYK1/eXK5/eYK5 :





We shall now set up the RT(t)  vector in the eXK1/eYK1/eXK5/eYK5/eXFC/eYFC 6-dimension Reference Frame :





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








	where :		XFC   =   (XK1 * sin qK15  +   XK5 * cos qK15) * tan yM 





			YFC   =   (YK1 * sin qK15  +   YK5 * cos qK15) * tan yM








and the  MRT(t)  vector is given by :





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





But, we have set up  eXK1/eYK1/eXK5/eYK5  such that :





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





and





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





��
Therefore :








	MXK1   =   KQK1 * XK1





	MYK1   =   KQK1 * YK1





	MXK5   =   KQK5 * XK5





	MYK5   =   KQK5 * YK5





We now set up,  as usual  :





	XK1   =   QT * cos a * cos b1





	YK1   =   QT * cos a * sin b1 





	XK5   =   QT * sin a * cos b2 





	YK5   =   QT * sin a * cos b2





such that :





	(QT)2   =   (XK1)2  +   (YK1)2  +  (XK5)2  +  (YK5)2	QT being positive.





	a   =   arctan � EMBED Equation.2  ���		0 � EMBED Equation.2  ��� a � EMBED Equation.2  ��� P/2	





	b1   =   arctan� EMBED Equation.2  ���				0 � EMBED Equation.2  ��� b1 � EMBED Equation.2  ��� 2P   in accordance to the signs


									of  XK1 & YK1





	b2   =   arctan� EMBED Equation.2  ���				0 � EMBED Equation.2  ��� b2 � EMBED Equation.2  ��� 2P   in accordance to the signs


									of  XK5 & YK5





�
Therefore :





	RT(t)   = 	+  eXK1 * { QT * cos a * cos b1 }





			+  eYK1 * { QT * cos a * sin b1 }





			+  eXK5 * { QT * sin a * cos b2 }





			+  eYK5 * { QT * sin a * sin b2 }





			+  eXFC * { XFC }





			+  eYFC * { YFC }





where :		XFC   =   QT *{cos a * cos b1 * sin qK15  +  cos a * sin b1 * cos qK15} * tan yM





		YFC   =   QT *{sin a * cos b2* sin qK15  +  cos a * sin b2 * cos qK15} * tan yM








MRT(t)   = 	+  eXK1 * QT *{ KQK1 * cos a * cos b1 }





		+  eYK1 * QT *{ KQK1 * cos a * sin b1 }





		+  eXK5 * QT *{ KQK5 * sin a * cos b2 }





		+  eYK5 * QT *{ KQK5 * sin a * sin b2 }








We therefore set up  ER/ET/EU/EV  as usual :





ER   =		+  eXK1 * { + cos a * cos b1 }





		+  eYK1 * { + cos a * sin b1 }





		+  eXK5 * { + sin a * cos b2 }





		+  eYK5 * { + sin a * sin b2 }








�
ET   =		+  eXK1 * { - cos a * sin b1 }





		+  eYK1 * { + cos a * cos b1 }





		+  eXK5 * { - sin a * sin b2 }





		+  eYK5 * { + sin a * cos b2 }








EU   =		+  eXK1 * { - sin a * cos b1 }





		+  eYK1 * { - sin a * sin b1 }





		+  eXK5 * { + cos a * cos b2 }





		+  eYK5 * { + sin a * sin b2 }








EV   =		+  eXK1 * { + sin a * sin b1 }





		+  eYK1 * { - sin a * cos b1 }





		+  eXK5 * { - cos a * sin b2 }





		+  eYK5 * { + cos a * cos b2 }





Therefore :








	MRT(t)   DOT   ER





=	+ QT *{ KQK1 * cos a * cos a * cos b1 * cos b1 }





	+ QT *{ KQK1 * cos a * cos a * sin b1 * sin b1 }





	+ QT *{ KQK5 * sin a * sin a * cos b2 * cos b2 }





	+ QT *{ KQK5 * sin a * sin a * sin b2 * sin b2 }





=	+ QT *KQK1 * { cos a * cos a * cos b1 * cos b1  +  cos a * cos a * sin b1 * sin b1 }





	+ QT *KQK5 * { cos a * cos a * cos b2 * cos b2  +  cos a * cos a * sin b2 * sin b2 }





=	+ QT * { KQK1 * cos2 a   +    KQK5 * sin2 a }





=	+ QT * [� EMBED Equation.2  ��� * {cos2 a +  sin2 a}   +   � EMBED Equation.2  ��� * {cos2 a  -  sin2 a}]





=	+ QT * [� EMBED Equation.2  ���   +   � EMBED Equation.2  ��� * (cos 2*a) ]








	MRT(t)   DOT   ET





=	- QT * { KQK1 * cos a * cos a * cos b1 * sin b1 }





	+ QT * { KQK1 * cos a * cos a * cos b1 * sin b1 }





	- QT * { KQK5 * sin a * sin a * cos b2 * sin b2 }





	+ QT * { KQK5 * sin a * sin a * cos b2 * sin b2 }





=	0








	MRT(t)   DOT   EU





=	- QT * { KQK1 * cos a * sin a * cos b1 * cos b1 }





	- QT * { KQK1 * cos a * sin a * sin b1 * sin b1 }





	+ QT * { KQK5 * cos a * sin a * cos b2 * cos b2 }





	+ QT * { KQK5 * cos a * sin a * sin b2 * sin b2 }





=	- QT * KQK1 * { cos a * sin a * cos b1 * cos b1  +  cos a * sin a * sin b1 * sin b1 }





	+ QT * KQK5 * { cos a * sin a * cos b2 * cos b2  +  cos a * sin a * sin b2 * sin b2 }





=	- QT * { KQK1 * cos a * sin a   +    KQK5 * cos a * sin a }





=	- QT * � EMBED Equation.2  ��� * (sin 2*a)








�
	MRT(t)   DOT   EV





=	+ QT *{ KQK1 * cos a * sin a * cos b1 * sin b1 }





	- QT *{ KQK1 * cos a * sin a * cos b1 * sin b1 }





	- QT *{ KQK5 * cos a * sin a * cos b2 * sin b2}





	+ QT *{ KQK5 * cos a * sin a * cos b2 * sin b2 }





=	0





Therefore, regrouping yields :





MRT(t)   =	+ ER * QT *{ + � EMBED Equation.2  ���   +   � EMBED Equation.2  ��� * (cos 2*a) }





		+ ET * QT *{ +0 }





		+ EU * QT *{ -   � EMBED Equation.2  ��� * (sin 2*a) }





		+ ET * QT *{ +0 }





Let us rewrite the relation between  ER/ET/EU/EV  and  eXK1/eYK1/eXK5/eYK5  as follows :








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





and





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








�
Therefore , holding  eXK1/eYK1/eXK5/eYK5  constant for now and investigating :





(i.e. we will for the time being ignore all rotational effects due to the rotation of  exp/eyp/ezp, or wxp(t)  = 0,  wyp(t)   =  0, and  wzp(t)  = 0 for now)





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





		+ � EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





		+ � EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





therefore, substituting the developed relation above, i.e. substituting :





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





�
yields :





� EMBED Equation.2  ���� EMBED Equation.2  ���   =	+ � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���








		+ � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���





		+ � EMBED Equation.2  ��� *� EMBED Equation.2  ���� EMBED Equation.2  ���








Let us now set up now two variable as follows :





	c   =   � EMBED Equation.2  ���*(b1 + b2)		� EMBED Equation.2  ���	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���*(� EMBED Equation.2  ���  +  � EMBED Equation.2  ���)





	d   =   � EMBED Equation.2  ���*(b1 - b2) 		� EMBED Equation.2  ���	� EMBED Equation.2  ���   =   � EMBED Equation.2  ���*(� EMBED Equation.2  ���  -  � EMBED Equation.2  ���)





We will see later that   � EMBED Equation.2  ���  corresponds to a ‘Pure’ rotation because if you hold QT, a , and d  constant so that  � EMBED Equation.2  ��� =  0   and   � EMBED Equation.2  ��� =  0, then � EMBED Equation.2  ���  =  � EMBED Equation.2  ��� and this means :





a)	the component of  RT(t)   in the eXK1/eYK1 sub-plane is rotating forward at � EMBED Equation.2  ���





b)	the component of  RT(t)   in the eXK5/eYK5 sub-plane is rotating forward at � EMBED Equation.2  ���,


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





And result is a ‘Rigid Body’ type rotation. But more on this later.


�
Therefore, noting that :





	cos2 a *� EMBED Equation.2  ���  +  sin2 a *� EMBED Equation.2  ���





=	� EMBED Equation.2  ���* (cos2 a * +  sin2 a) * (� EMBED Equation.2  ��� + � EMBED Equation.2  ���)   +  � EMBED Equation.2  ���* (cos2 a * -  sin2 a) * (� EMBED Equation.2  ��� - � EMBED Equation.2  ���)





=	� EMBED Equation.2  ���   +   (cos 2*a) * � EMBED Equation.2  ���





and





	sin2 a *� EMBED Equation.2  ���  +  cos2 a *� EMBED Equation.2  ���





=	� EMBED Equation.2  ���* (cos2 a * +  sin2 a) * (� EMBED Equation.2  ��� + � EMBED Equation.2  ���)   -  � EMBED Equation.2  ���* (cos2 a * -  sin2 a) * (� EMBED Equation.2  ��� - � EMBED Equation.2  ���)





=	� EMBED Equation.2  ���   -   (cos 2*a) * � EMBED Equation.2  ���





Therefore, substituting and regrouping yields :





� EMBED Equation.2  ���� EMBED Equation.2  ���   =	+ � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���   + � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���





		+ � EMBED Equation.2  ��� * (cos 2*a) * � EMBED Equation.2  ���� EMBED Equation.2  ���








		+ � EMBED Equation.2  ��� * (sin 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���





Let us now set up the Matrix multipication results first before going into the 2nd derivative with respect to time.





Therefore, we set up :





	[A]   =   � EMBED Equation.2  ���		[C]   =	  � EMBED Equation.2  ���





	[D1]   =   � EMBED Equation.2  ���		 [D2]   =   � EMBED Equation.2  ���	





Therefore :





[A]*[C]   =   � EMBED Equation.2  ���	[C]*[A]   =  � EMBED Equation.2  ���





[A]*[D1]   =  � EMBED Equation.2  ���	[D1]*[A]   =  � EMBED Equation.2  ���





[A]*[D2]   =   � EMBED Equation.2  ���	[D2]*[A]   =   � EMBED Equation.2  ���





 [C]*[D1]   =   � EMBED Equation.2  ���	[D1]*[C]   =   � EMBED Equation.2  ���





[C]*[D2]   =   � EMBED Equation.2  ���	[D2]*[C]   =   � EMBED Equation.2  ���





[D1]*[D2]   =   � EMBED Equation.2  ���	[D2]*[D1]   =   � EMBED Equation.2  ���





[A]*[A]   =    � EMBED Equation.2  ���





[C]*[C]   =   � EMBED Equation.2  ���





[D1]*[D1]   =   � EMBED Equation.2  ���





[D2]*[D2]   =   � EMBED Equation.2  ����
Therefore, we can write :





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





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ����


+   � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���





+   � EMBED Equation.2  ��� * (cos 2*a) * � EMBED Equation.2  ���� EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* (-2 * sin 2*a) � EMBED Equation.2  ��� � EMBED Equation.2  ���





+   � EMBED Equation.2  ��� * (sin 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���





		�+   � EMBED Equation.2  ���* � EMBED Equation.2  ��� * (2*cos 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* [A]*[A] � EMBED Equation.2  ���   +    � EMBED Equation.2  ���*� EMBED Equation.2  ���* [A]*[C] � EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* (cos 2*a) * [A]*[D1] � EMBED Equation.2  ���   +    � EMBED Equation.2  ���*� EMBED Equation.2  ���* (sin 2*a) * [A]*[D2] � EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* [C]*[A] � EMBED Equation.2  ���   +    � EMBED Equation.2  ���*� EMBED Equation.2  ���* [C]*[C] � EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* (cos 2*a) * [C]*[D1] � EMBED Equation.2  ���   +    � EMBED Equation.2  ���*� EMBED Equation.2  ���* (sin 2*a) * [C]*[D2] � EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* (cos 2*a) * [D1]*[A] � EMBED Equation.2  ���   +    � EMBED Equation.2  ���*� EMBED Equation.2  ���* (cos 2*a) * [D1]*[C] � EMBED Equation.2  ���





+  � EMBED Equation.2  ���*� EMBED Equation.2  ���* (cos2 2*a) * [D1]*[D1] � EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* (cos 2*a) (sin 2*a) * [D1]*[D2] � EMBED Equation.2  ���


+   � EMBED Equation.2  ���*� EMBED Equation.2  ���*  (sin 2*a) * [D2]*[A] � EMBED Equation.2  ���   +    � EMBED Equation.2  ���*� EMBED Equation.2  ���* (sin 2*a) * [D2]*[C] � EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* (cos 2*a) * (sin 2*a) * [D2]*[D1] � EMBED Equation.2  ���





+    � EMBED Equation.2  ���*� EMBED Equation.2  ���* (sin2 2*a) * [D2]*[D2] � EMBED Equation.2  ���





�
Therefore, regrouping yields :





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





+ � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���





+ � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���





+ � EMBED Equation.2  ��� * � EMBED Equation.2  ���(cos 2*a) * � EMBED Equation.2  ���   +  (sin 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* � EMBED Equation.2  ��� � EMBED Equation.2  ���





+    � EMBED Equation.2  ���*� EMBED Equation.2  ���* � EMBED Equation.2  ��� � EMBED Equation.2  ���








+   � EMBED Equation.2  ���*� EMBED Equation.2  ���*� EMBED Equation.2  ���+ (cos2 2*a) *� EMBED Equation.2  ��� + (cos 2*a) * (sin 2*a) * � EMBED Equation.2  ���





	+   (cos 2*a) * (sin 2*a) *� EMBED Equation.2  ��� + (sin2 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* � EMBED Equation.2  ���� EMBED Equation.2  ��� + � EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���* � EMBED Equation.2  ��� (cos 2*a) *� EMBED Equation.2  ��� + (sin 2*a) *� EMBED Equation.2  ���





		+ (cos 2*a) * � EMBED Equation.2  ���  + (sin 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





 +   � EMBED Equation.2  ���*� EMBED Equation.2  ���*  � EMBED Equation.2  ��� (cos 2*a) * � EMBED Equation.2  ��� + (sin 2*a) *� EMBED Equation.2  ���





		+ (cos 2*a) *� EMBED Equation.2  ��� + (sin 2*a) *� EMBED Equation.2  ��� � EMBED Equation.2  ��� � EMBED Equation.2  ���





�
Therefore, regrouping yields :





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





+ � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���





+ � EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���





+ � EMBED Equation.2  ��� * � EMBED Equation.2  ���(cos 2*a) * � EMBED Equation.2  ���   +  (sin 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���*� EMBED Equation.2  ��� � EMBED Equation.2  ���





+    � EMBED Equation.2  ���*� EMBED Equation.2  ���*� EMBED Equation.2  ��� � EMBED Equation.2  ���





+   � EMBED Equation.2  ���*� EMBED Equation.2  ���*� EMBED Equation.2  ���� EMBED Equation.2  ���





+   2 *� EMBED Equation.2  ���*� EMBED Equation.2  ���* � EMBED Equation.2  ��� (cos 2*a) *� EMBED Equation.2  ��� + (sin 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





+   2 *� EMBED Equation.2  ���*� EMBED Equation.2  ���*� EMBED Equation.2  ���(cos 2*a) *� EMBED Equation.2  ��� + (sin 2*a) *� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���














From above, we have :


	MRT(t)   =	+ ER * QT *{ + � EMBED Equation.2  ���   +   � EMBED Equation.2  ��� * (cos 2*a) }


			+ EU * QT *{ -   � EMBED Equation.2  ��� * (sin 2*a) }


let us now re-write this in the format :





	MRT(t)   =   [Q]*[E]





where 	:	[Q]   =   +   � EMBED Equation.2  ��� * QT * � EMBED Equation.2  ���


			  +   � EMBED Equation.2  ��� * QT * � EMBED Equation.2  ���





		[E]   =   � EMBED Equation.2  ���





Therefore :





� EMBED Equation.2  ���MRT(t)   =   + � EMBED Equation.2  ���� EMBED Equation.2  ���[Q]� EMBED Equation.2  ��� *[E]  +   [Q] * � EMBED Equation.2  ���� EMBED Equation.2  ���[E] � EMBED Equation.2  ���





�
and :





� EMBED Equation.2  ���MRT(t)   =   + � EMBED Equation.2  ���� EMBED Equation.2  ��� [Q]� EMBED Equation.2  ��� *[E]   +  2 *� EMBED Equation.2  ���� EMBED Equation.2  ��� [Q] � EMBED Equation.2  ���* � EMBED Equation.2  ���� EMBED Equation.2  ���[E] � EMBED Equation.2  ���





		    +  [Q] * � EMBED Equation.2  ���� EMBED Equation.2  ��� [E] � EMBED Equation.2  ���


Therefore :





� EMBED Equation.2  ���[Q]   =	+   � EMBED Equation.2  ��� * � EMBED Equation.2  ���QT * � EMBED Equation.2  ���


		+   � EMBED Equation.2  ��� * � EMBED Equation.2  ���QT * � EMBED Equation.2  ���


		+   � EMBED Equation.2  ��� * QT * � EMBED Equation.2  ��� * 2 * � EMBED Equation.2  ���





� EMBED Equation.2  ��� [Q]   =	+   � EMBED Equation.2  ��� * � EMBED Equation.2  ���QT * � EMBED Equation.2  ���


		+   � EMBED Equation.2  ��� * � EMBED Equation.2  ���QT * � EMBED Equation.2  ���


		+   � EMBED Equation.2  ��� * � EMBED Equation.2  ���QT * � EMBED Equation.2  ��� * 2 * 2 * � EMBED Equation.2  ���


		+   � EMBED Equation.2  ��� * QT * � EMBED Equation.2  ��� * 2 * � EMBED Equation.2  ���


		+   � EMBED Equation.2  ��� * QT * � EMBED Equation.2  ���*� EMBED Equation.2  ��� * 2 * 2 *� EMBED Equation.2  ���





Thus, we are now able to express  � EMBED Equation.2  ���MRT(t)   in terms of :





	QT, a, c, d,	and    � EMBED Equation.2  ���QT, � EMBED Equation.2  ���,� EMBED Equation.2  ���,� EMBED Equation.2  ���,   and	� EMBED Equation.2  ���QT,� EMBED Equation.2  ���, � EMBED Equation.2  ���,� EMBED Equation.2  ���





while holding exp,eyp,ezp constant.





But  c  is related to ‘Pure’ rotation so we are left with 3 variables :





	QT   related to size,	and





	a  &  d  being 2 DOF’s (Degree Of Freedom) associated with shape(of triangle)





And this can be related to the Force Function FTT(t)  through an differential equation..





In the next Chapter, we shall look at the rotational effects of wxp(t), wyp(t) and wzp(t) for this eXK1/eYK1/eXK5/eYK5/eXFC/eYFC reference frame.
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