






PROBLEM:	A	person	attached	to	a	moving	body	(reference	frame)	is	
observing	the	motion	of	point	B.		

Summary:	2D	Moving	Reference	Frame	Kinematics	2	

   

!vB = !vA + !vB/ A( )rel
+
!
ω × !rB/ A

!aB = !aA + !aB/ A( )rel
+
!
α × !rB/ A + 2

!
ω × !vB/ A( )rel

+
!
ω ×

!
ω × !rB/ A( )

APPLICATION:	Using	2D	MRF	equations	in	solving	problems	in	the	
kinematics	of	mechanisms.	
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Chapter 3: Moving Reference Frame Kinematics Homework

Homework 3.A.5

Given: Arm OB is pinned to ground at end O. Rigid link AP is pinned to ground at A, with end
P able to slide within a straight slot that is cut into arm OB. Arm AP is rotating in the clockwise
sense with a constant rate of ⌦. The xyz coordinate system is attached to arm OB with its origin
at pin O. For the position shown, link OB is perpendicular to the direction of OA, with arm AP
at an angle of ✓ measured from OB.

Find: For this position:

(a) Determine the angular velocity of arm OB. Write your answer as a vector.

(b) Determine the angular acceleration of arm OB. Write your answer as a vector.

(c) Determine the values of ẋP and ẍP .
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Problem III-4 
Arm OB is pinned to ground at end O. Rigid link AP is pinned to ground at A, with end P 
able to slide within a straight slot that is cut into arm OB. Arm AP is rotating in the 
clockwise sense with a constant rate of !. The xyz coordinate system is attached to arm 
OB with its origin at pin O. 
 
For the position shown, link OB is perpendicular to the direction of OA, with arm AP at 
an angle of " measured from OB. For this position: 

a) Determine the angular 
velocity of arm OB. 
Write your answer as a 
vector. 

b) Determine the angular 
acceleration of arm OB. 
Write your answer as a 
vector. 

c) Determine the values of 
 !xP  and  !!xP . 

 
 
 
 
 
 
 
 
 
 
Use the following parameters in your analysis: ! = 8 rad / s , L = 2 m  and ! = 53.13° . 
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Use the following parameters in your analysis: ⌦ = 2 rad/s, L = 3 m and ✓ = 36.87�.
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AP	(rigid	body):	

OP	(not	a	rigid	body):	

  

!
ω =ωOBk̂
!
α =αOBk̂
!vP/ A( )rel

= "xPî
!aP/ A( )rel

= ""xPî

With	observer		
on	OB:	   

!vP = "xPî + ωOBk̂( )× !rP/ A
!aP = ""xPî + αOBk̂( )× !rP/ A + 2 ωOBk̂( )× "xPî( ) + ωOBk̂( )× ωOBk̂( )× !rP/ A

⎡
⎣

⎤
⎦

  

!vP = −Ωk̂( )× !rP/ A
!aP = − "Ωk̂( )× !rP/ A + −Ωk̂( )× −Ωk̂( )× !rP/ A

⎡
⎣

⎤
⎦

   
!rB/ A

 B

 A

 observer

 reference frame

  
!aB

 x

 y

  
!vB












