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Some Important Remarks for the Exam:
1. Use ai, bi,..., αi, βi, ... for the fixed link dimensions and angles respectively. i 

must refer to the link number on which that length or angle is to be 
measured. These angles or lengths have positive values only.

2. Use θ1j for a variable angle that shows the angular position of link j with 
respect to a reference frame on link 1. Link 1 is always considered as the 
fixed link (or the refence link about which the motion of all the other links (
are to be measured). This angle must be a directed angle and must be 
considered posive when measured CCW.

3 You can use φ ψ ξ For intermediate variable angles that you may need3. You can use φ,ψ,ξ,... For intermediate variable angles that you may need 
during computation and s,u,t...for intermediate variable lengths.

4. Use A,B,C, ... For moving  revolute joint axes. Do not use index. If you use 
index i, then i must refer to the link number where that point is located. Use 
subscript 0 for the fixed revolute joint axes: A0, B0, etc. If you have a point A 
then A0 must be the center of the circle described by A.

5. When writing a complex number in polar form, simplify when you have an 
angle π/2 multiples.

( / 2) ( / 2) ( ) ( 3 / 2) etci i i i i i i ie ie e ie e e e ieθ π θ θ π θ θ π θ θ π θ+ − + +
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Types of Plane Motion:

1. Translation of a rigid body

2. Rotation about a fixed axis

3. General Plane Motion

1. Translation

The velocity and acceleration of every point on the rigid body will be 
equal at each instant if the rigid body is in a translation.
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2. Rotation about a fixed axis

VA = ωx rA

rA = rA eiθ

VA= i rA ω eiθ

dθd
dt
θ

ω=

1. Points move on concentric circular arcs. (Center at O)

2. Velocity of a point is perpendicular to the line joining that point 
with the center of rotationwith the center of rotation.

3. Velocity magnitude is proportional to the distance from that point 
to the center of rotation (times the angular velocity of the rigid 
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2. Rotation about a fixed axis (Continued)

( )dv d iA iθ( )a
dt dt

ir eA
A

A
i= = θ

 
= −i d r e r eA

i iω
ωθ θ2i

dt
r e r eA ω

 
α

ω θ
= =

d
dt

d
dt

2

2

θθ ωα ii
AA ereri 2a −=

a a at n= +a a aA A A= +
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1. The velocity of every point is equal to the distance from that point to 
the axis of rotation times the angular velocity of the rigid body. The 
velocity vector is perpendicular to the line connecting the point to 
th i f t ti d i th f l l itthe axis of rotation and in the sense of angular velocity.

2. The normal acceleration of every point  is equal to the distance 
from that point to the axis of rotation times the square of the angularfrom that point to the axis of rotation times the square of the angular 
velocity. The normal acceleration is always towards the axis of 
rotation along the line joining the point to the axis of rotation.

3. Tangential acceleration of every point is equal to the distance from 
that point to the axis of rotation times the angular acceleration of the 
rigid body The tangential acceleration vector is perpendicular torigid body. The tangential acceleration  vector is perpendicular to 
the line connecting the point to the axis of rotation and in the sense 
of angular acceleration.

4. The acceleration of a point on the rigid body is the vectorial sum of 
the tangential and normal acceleration components.
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3. General Plane Motion

Can be separated into two motions:

1. A translation from AB to A’B” (motion of A)

2. A ratation about point A’ (relative motion wr to A)
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ΔrB= ΔrA +ΔrB/A

VB= VA+ VB/A

VB/A=ωx rB/A

rB/A= AB = rB - rA

VB/A is the relative velocity

VB and VA are  absolute velocities
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i

In Complex numbers:

rB = rA +beiφ

V = V +ib eiφ
Differentiate:

VB = VA +ibωeiφ

VB/A = ibωeiφ Relative 
B/A velocity

VB= VA+ VB/A

Second Derivative:

aB = aA +ibαeiφ −bω2eiφ a B A
t

/
= ibαeiφ Tangential relative acceleration 

component

normal relativea B A
t

/ a na = a + + a B A
n

/
= −bω2eiφ normal relative 

acceleration component
a B A/ a B A/aB= aA+ +

a B A
t

/ a B A
n

/aB/A= +
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r ae seB
i i

3
= + +θ θ β( )

)(i)(ii
B eseiseiav

3

β+θ
•

β+θθ +ω+ω=
3

)(iii ese)sea(iv β+θ
•

θβ ++ω )(
B ese)sea(iv

3

ββ ++ω=

γβ =+ ii besea

)(i
.

)(i
B esbeiV

3

β+θγ+θ +ω=
3

VB3= VB2 +VB3/2
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)(i)(ii
B eseiseiav

3

β+θ
•

β+θθ +ω+ω=

••••
)(i)(i)(i2)(i)(ii2i

B esiesesesieiseaeiaa
3

β+θ
•

β+θ
••

β+θβ+θ
•

β+θθθ ω++ω−ω+α+ω−α=

)(i)(iii2ii i2)()(i β+θ
••

β+θ
•

θβθβ )(i)(iii2ii
B esesi2e)sea(e)sea(ia

3

β+θβ+θθβθβ +ω++ω−+α=
γβ =+ ii besea

)(i)(i)(i2)(i
B esesi2bebeia

3

β+θ
••

β+θ
•

γ+θγ+θ +ω+ω−α=

t n c t

12

© ME 301 METU  ME

a a a a aB B
t

B
n

B
c

B
t

3 2 2 3 32 2= + + +/ /



13

© ME 301 METU  ME



VELOCITY AND ACCELERATION ANALYSIS  OF     MECHANISMS
Example: Slider-Crank Mechanism

1213
23114

θθ ii eaeaias =++The loop closure and its complex conjugate :

θ 1213
23114

θθ ii eaeaias −− =+−

Velocity loop equation and its complex i ii iθ θVelocity loop equation and its complex 
conjugate (obtained by taking the derivative 
of the loop equation wr to time):

s ia e ia ei i
14 3 13 2 12

13 12+ =ω ωθ θ

1213
12213314

θθ ωω ii eiaeias −− −=−
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s ia e ia ei i
14 3 13 2 12

13 12+ =ω ωθ θ

VB+ VA/B = VA

s ia e ia e14 3 13 2 12+ ω ω

O
1312 i

133
i

12214 eiaeias θθ ω−ω=
Or:

V V VVB= VA + VB/A

VB/A = - VA/B= 13i
3eia θ−
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Analytical Solution:

If the position analysis is performed for a given θ θ is known and ω is given

s ia e ia ei i
14 3 13 2 12

13 12+ =ω ωθ θ

1213 θθ ωω ii eiaeias −− −=−

If the position analysis is performed for a given θ12 , θ13 is known and ω12 is given

Two complex equations in two 
unknowns (ω13 and )s1412213314 ωω eiaeias = ( 13 )14

)()(
3122

1312ω
θθθθθθ

θθ

iiii

ii

ii
eiaeia

− ⎥
⎦

⎤
⎢
⎣

⎡

12
3

)()(
32

3

3122
14 )(

)(
1 1313

13121312

13

1312

ω
ω

θθ

θθθθ

θ

θ

θθ

ii

ii

i

i

ii

eeia
eeaa

eia
eiaeia

s −

−−−−−

+−
−

=

⎥
⎤

⎢
⎡

⎥
⎦

⎢
⎣ −−

=

31 13θieia − ⎥
⎦

⎢
⎣ −

sin( )
cos( )

s a14 2
12 13

13
12= −

−θ θ
θ

ω

ω θ

θ
2 121 12⎡

⎢
⎤
⎥

ia ei

i

cos( )13θ

ω
ω

ω
θ
θ

ω
θ

θ

θ

θ θ

θ θ13
2 12

3

2

3
12

2

3

12

13
12

1
1
1

12

13

13

12 12

13 13
=

−⎣
⎢

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

=
− +
− +

=
−

−

−

−

ia e
ia e
i

ia e e
ia e e

a
a

i

i

i

i i

i i

( )
( )

cos
cos
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s ia e ia ei i
1 4 3 1 3 2 1 2

1 3 1 2+ =ω ωθ θVelocity Loop Equation

Acceleration loop equation is obtained by taking the derivative of the velocity loop 
equation wr to timeequation wr. to time.

s ia e a e ia e a ei i i i
14 3 13 3 13

2
2 12 3 12

213 13 12 13+ − = −α ω α ωθ θ θ θ

And its complex conjugate
s ia e a e ia e a ei i i i

14 3 13 3 13
2

2 12 3 12
213 13 12 13− − = − −− − − −α ω α ωθ θ θ θ

n
A

t
A

n
A/B

t
A/BB aaaaa +=++

The acceleration loop equations are linear in terms of the acceleration p q
variables (α12, α13 and )s14

( )2 2
2 12 12 2 12 12 3 13 13

13

cos sin sina a aα θ ω θ ω θ
α

− +
=13

3 13cosa
α

θ

sin cos sin coss a a a a14 2 12 12 2 12
2

12 3 13 13 3 13
2

13= − − + +α θ ω θ α θ ω θ
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Or:
122 cos ωθω a

Differentiate:

12
13

12

3

2
13 cos

ω
θ

ω
a

=

Differentiate:

[ ]13121312
2
121213121312

13
2

3

2
13 sincossincoscoscos

cos
1

a
a

ωωθθ+ωθθ−αθθ
θ

=α
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n
A

t
A

n
A/B

t
A/BB aaaaa +=++
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Velocity and acceleration of a coupler point C can only be solved after the 
solution of loop equations (disp velocity and acc Loop equations)solution of loop equations (disp,velocity and acc. Loop equations)

13 3( )
14 1 3

i
cr s ia b e θ γ−= + +

)(
13314

313 γθω −+= i
c eibsV VC=VB+VC/B

13 3 13 3
..

( ) ( )2
14 3 13 3 13

i i
Ca s ib e b eθ γ θ γα ω− −= + − aC = aB + at

C/B + an
C/B
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Four-Bar Mechanism
The loop closure equation and its 
complex conjugate

a e a e a a ei i i
2 3 1 4

12 13 14θ θ θ+ = +
141312 iii eaaeaea θ−θ−θ− +=+ 4132 eaaeaea +=+

The first derivative of the loop 
l ti ( l it lclosure equation (velocity loop 

equation)

141312 i
144

i
133

i
122 eiaeiaeia θθθ ω=ω+ω

i i iθ θ θ− − = −− − −ia e ia e ia ei i i
2 12 3 13 4 14

12 13 14ω ω ωθ θ θ

VA+ VB/A = VBor

13 14 12

13 14 12

3 13 4 14 2 12     i i i

i i i

ia e ia e ia e

ia e ia e ia e

θ θ θ

θ θ θ

ω ω ω

ω ω ω− − −

− = −

− + = +

Two linear equations in two 
unknowns ω13 and ω14.
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θ θ⎡ ⎤i i

ω

ω
ω

ω

θ θ

θ θ

θ θ

θ θ θ θ

θ θ θ θ13

2 12 4

2 12 3 2 4
12

12 14

12 14

13 14

12 14 12 14

14 13 14 13
=

− −
− −

⎡

⎣
⎢

⎤

⎦
⎥

⎡ ⎤
=

−
+

− − − − −

− − −

a e a e
a e a e a a e e

a a e e

i i

i i

i i

i i

i i

( )
( )

( ) ( )

( ) ( )θ θ

θ θ

θ θ θ θ
3 4

3 4

3 4
13 14

13 14

14 13 14 13−
−

⎡

⎣
⎢

⎤

⎦
⎥

+
− −

a e a e
a e a e

a a e ei i

i i

i i( )( ) ( )

ω
θ θ
θ θ

ω13
2

3

12 14

14 13
12=

−
−

a
a

sin( )
sin( )

ω

ω
ω

ω

θ θ

θ θ θ θ θ θ
3 2 12

3 2 12 3 2

13 12

13 12 12 13 12 13

−
−

⎡

⎣
⎢

⎤

⎦
⎥

−− − − − −

a e a e
a e a e a a e e

i i

i i i i( )( ) ( )

ω ω
θ θ

θ θ

θ θ θ θ14
3 4

3 4

3 2

3 4
12

13 14

13 14

14 13 14 13
= ⎣ ⎦

−
−

⎡

⎣
⎢

⎤

⎦
⎥

=
+

− −

− − −a e a e
a e a e

a a e ei i

i i

i i( )( ) ( )

12
1314

1312

4

2
14 )sin(

)sin(
a
a

ω
θ−θ
θ−θ

=ω
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Displacement and velocity of coupler point C

)(
32

31312 aii
c ebear ++= θθ

)( aii b +
••

θθ )(
133122

31312 aii
CCC eibeiayxV ++=+= θθ ωω

VC = VceiγVC Vce

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

•• 2

c

2

CC yxV ⎟
⎠

⎜
⎝

1tan ( , )c cx yγ
• •

−= ( , )c cyγ
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Acceleration Analysis:

Derivative of the velocity loop equation (or the second derivative of the loopDerivative of the velocity loop equation (or the second derivative of the loop 
equation w.r to time gives us acceleration loop equation.

i i i i i i2 2 2θ θ θ θ θ θia e a e ia e a e ia e a ei i i i i i
2 12 2 12

2
3 13 3 13

2
4 14 4 14

212 12 13 13 14 14α ω α ω α ωθ θ θ θ θ θ− + − = −

− − − − = − −− − − − − −ia e a e ia e a e ia e a ei i i i i i2 2 212 12 13 13 14 14α ω α ω α ωθ θ θ θ θ θ=ia e a e ia e a e ia e a e2 12 2 12 3 13 3 13 4 14 4 14α ω α ω α ω

n
B

t
B

n
A/B

t
A/B

n
A

t aaaaaa +=+++ BBA/BA/BAA

141312121413 i2
144

i2
133

i2
122

i
122

i
144

i
133 eaeaeaeiaeiaeia θθθθθθ ω−ω+ω+α−=α+α

− − = + + −− − − − − −ia e ia e ia e a e a e a ei i i i i i
3 13 4 14 2 12 2 12

2
3 13

2
4 14

213 14 12 12 13 14α α α ω ω ωθ θ θ θ θ θ

Two linear equations in terms of two acceleration variables α13, 
α13 (as unknown).
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( ) ( ) ( )α ω θ θ ω α θ θ ω θ θ13
2

12
2

12 14
4 2 2

12 12 14 13
2

13 14
1

= − − + − + −
⎡
⎢

⎤
⎥cos sin cos

a a a
( ) ( ) ( ) ( )α
θ θ

ω θ θ ω α θ θ ω θ θ13
14 13 3

12 12 14
3 3

12 12 14 13 13 1414−
+ +

⎣
⎢

⎦
⎥sin

cos sin cos
a a a

( ) ( ) ( )2 2 21 ⎡ ⎤a a a
and

( ) ( ) ( ) ( )α
θ θ

ω θ θ α θ θ ω θ θ ω14
14 13

2

4
12
2

12 13
2

4
12 12 13

2
13 14

3

4
13
21

14
=

−
− + − − − +

⎡

⎣
⎢

⎤

⎦
⎥sin

cos sin cosa
a

a
a

a
a

Acceleration of point C (second derivative of the position vector or the derivative of the 
velocity vector)

( ) ( )2 2 i iθ θθ θ 13 3 13 312 12 ( ) ( )2 2
2 12 2 12 3 13 3 13

2 2
Cx 2 12 12 2 12 12 3 13 13 3 3 13 13 3

2 2

     a cos sin cos( ) sin( )

i ii i
Ca a e ia e b e ib e

a a b b

θ α θ αθ θω α ω α

ω θ α θ ω θ α α θ α

+ += − + − +

= − − − + − +
2 2

Cy 2 12 12 2 12 12 3 13 13 3 3 13 13 3     a sin cos sin( ) cos( )a a b bω θ α θ ω θ α α θ α= − + − + + +
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y

fa

s43
Config=+1

V
VA2VA3= VA3

4Alfa β=

A           

    2
3

4

Alfa

T

Crank

Eccentricity

θ14
12 14 14 4( )

2 1 4 43
i i ia e a a e s eθ θ θ β+= + +

VA3/2

1  
0B x

A0

Theta

Fixed

Config=-1

12 14 14 4 14 4( ) ( )
2 12 4 14 43 14 43

i i i iia e ia e is e s eθ θ θ β θ βω ω ω + += + +

( )β θ θ θ β

Velocity Variables: 14 43 12,  ,    sω ω

4 14 12 14 4

4

( )
14 4 43 2 12 43

4 43 4

( )i i i i

i i

i a s e e ia e s e

a s e b e

β θ θ θ β

β γ

ω ω ++ = −

+ =
14 12 14 4( ) ( )

4 14 2 12 43
i i i

A A A A

ib e ia e s e

V V V V

θ γ θ θ βω ω+ += −

= = + For graphical solution, have one unknown 
h id f th ti4 3 2 3 / 2A A A AV V V V+ on each side of the equation. 

For analytical solution, unknown velocity 
variables must be on one side of the 
equation
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A           
y

Alfa

s43
Config=+1

4 14 14 4 12

4 14 14 4 12

( )
14 4 43 43 2 12

( )
14 4 43 43 2 12

( )

( )

i i i i

i i i i

i a s e e s e ia e

i a s e e s e ia e

β θ θ β θ

β θ θ β θ

ω ω

ω ω

+

− − − + −

+ + =

− + + = −
V

    2

B

3
4

A0

Theta

Crank

Eccentricity

θ14

4 14 14 4 12

4 14 14 4 12

( )
144 43 2

( )
434 43 2

( )
( )

i i i i

i i i i

i a s e e e ia e
si a s e e e ia e

β θ θ β θ

β θ θ β θ

ω+

− − − + −

⎡ ⎤+ ⎡ ⎤
=⎢ ⎥ ⎢ ⎥− + −⎣ ⎦⎣ ⎦

12ω
⎡ ⎤
⎢ ⎥
⎣ ⎦

1  
0B x

Fixed

Config=-1

4 14 14 4
4 4

4 14 14 4

( )
4 43

4 43 4 43( )
4 43

( )
( )

i i i
i i

i i i

i i

i a s e e e
ia e is ia e is

i a s e e e

β θ θ β
β β

β θ θ β

β β

+
−

− − − +

+
Δ = = + + +

− +
4 4

4 43 4 43( ) 2 2 (cos )i iia e e is i sβ β β−Δ = + + = +

12 14 4
14 4 12 14 4 12

12 14 4

( )
( ) ( )212 2 12

14 ( )                   
i i

i i
i i

ia e e ia e e
ia e e

θ θ β
θ β θ θ β θ

θ θ β

ω ωω
+

− + − + −
− − +

⎡ ⎤= = +⎣ ⎦Δ Δ− 2

2 12 14 4 12
14

2 cos( )                     

cos( )

ia e e
ia

a

ω θ β θω

θ β θ

Δ Δ

+ −
=

Δ
+ −2 14 4 12

14 12
4 4 43

cos( )
cos

          

a
a s

θ β θω ω
β
+

=
+

4 14 12

4 14 12

4 43 212
43

( )
     

( )

i i i

i i i

i a s e e ia e
s

i i

β θ θ

β θ θ

ω
− − −

+
=

Δ + 4 14 12

14 12 14 4 12 14 12 14 4 12

4 43 2

( ) ( ) ( ) ( )12
43 4 2 2 43 4 2 2 43

( )

              

i (

i i i

i i i i

i a s e e ia e

s a a e a s e a a e a s e

β θ θ

θ θ θ β θ θ θ θ β θω

θ

− + − − − − + −

Δ − + −

⎡ ⎤= + − −⎣ ⎦Δ
) i ( )θ θ β θ+ +
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sin(               a as θ
= 14 12 2 43 14 4 12

12
4 4 43

) sin( )   
cos

a s
a s
θ θ β θ ω

β
− + + −

+



 A           
y

3

Alfa

Ec

s43
Config=+1VAcceleration Analysis

    2

1
0B x

4

A0

Theta

Crank

Fi d

ccentricity

θ14

Acceleration 1  Fixed

Config=-1

4 14 4 14 14 4 14 4 14 4 12 12

14 12

( ) ( ) ( )2 2
14 4 43 4 43 14 43 43 14 43 2 12 2( ) ( )i i i i i i i i ii a s e e a s e e i s e s e i s e ia e a eβ θ β θ θ β θ β θ β θ θα ω ω ω α ω+ + ++ − + + + + = −

Acceleration 
Variables: 14 43 12,  ,    sα α

4 14 4 14 14 4 14

14

( ) (2
14 4 43 4 43 43 14 43

:
( ) ( ) 2i i i i i i

or
i a s e e a s e e s e i s eβ θ β θ θ β θα ω ω+ ++ − + + + 4 12 12

12

) 2
2 12 2

i iia e a eβ θ θα ω= −

4 4 3 / 4 3 / 4 2 2
                                                 

A A A A A A

t n t c t na a a a a a+ + + = +

or
4 14 4 14 12 12 14 4 14 4

14 12

( ) ( )2 2
14 4 43 4 43 2 12 2 43 14 43( ) ( ) 2i i i i i i i ii a s e e a s e e ia e a e s e i s eβ θ β θ θ θ θ β θ βα ω α ω ω+ ++ − + = − − −

+t n t n t ca a a a a a+ = + +
4 4 2 2 4 / 3 4 / 3

                                               +                  
A A A A A A

a a a a a a+ = + +
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 A           
y

3

Alfa

s43
Config=+1VUnknown acceleration variables can be determined:

1. By drawing the vector polygon. (first draw the vectors whose both 

    2

B x

3
4

A0

Theta

Crank
Eccentricity

θ14

magnitude and direction are known. Leave two vectors whose 
direction are known but the magnitudes unknown on each side of 
the equation. Draw the vector directions. The intersection of these 
lines will define the solution.

1  
0B x

Fixed

Config=-1

2. By writing the acceleration loop equation and its complex conjugate 
and then solving two linear equations in 2 unknowns.

3. By Differentiating the equations obtained for velocity.

2 14 4 12
14 12

4 4 43

2 14 4 12 14 12 4 4 43 43 2 14 4 122 14 4 12
14 12 122

cos( )  
cos

sin( )( )( cos ) cos( )cos( )
( )

a
a s

a a s s aa

θ β θω ω
β

θ β θ ω ω β θ β θθ β θα α ω
β β

+ −
=

+
− + − − + − + −+ −

= +
+ + 2

4 4 43 4 4 43

2 4 14 12 2 43 14 4 12
43

4
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β β
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sin( ) sin( )
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ω
β

θ θ θ β θ α
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+
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=

+
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+

− − + + − − + + − + − − +[ ]
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3 14 4 12
2
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2

a3

θ 14

s43

φ
ψ

A

2

3

4

C
3

4

Ca4

a2

1

θ 14

B0

x

y
s12

x

y
s12

a4a1

Position Analysis
b1

[ ]

2 2
0 1 12 2 1

1
1 12 2 1

2 2

1.    ( )

2.    tan , ( )

3

B A s b s a a

b s a a

s s a

φ −

= = + + −

= − + −

43 4

1 4

3.    

4.    cos

5

s s a

a
s

ψ

θ φ ψ

−

= −

⎡ ⎤= ⎢ ⎥⎣ ⎦
= −

14

14

14
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12 2 3

12 2 3
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( )

( )
6 i

i
C

i
C
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θ π

θ

θ φ ψ

θ

−
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+

30

© ME 301 METU  ME

3 14

12 2 3 14

6.   sin
7.   cos

C

C

x a
y s a a

θ
θ

= +
= + −



14 14( / 2)
12 2 1 1 4 43( ) i ii s a b ia a e s eθ θ π++ = + + +

Loop closure Equation:

a3

θ 14

s43

φ
ψ

A

2

14 14
12 2 1 1 4 43( ) i i
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i s a a b a e is eθ θ+ − = + +

Velocity loop Equation:

3

4

C

y
a4

a2

a1

B0 14 14 14
12 4 14 43 14 43

i i iis ia e s e is e
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θ θ θω ω= + − +

Velocity loop Equation:

x

y
s12
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14 14
12 14 4 43 43

3 2 4 3/ 4

( )
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i i

A A A A

is i e a is is e

V V V V

θ θω= + + +

=

Solving the velocity loop equation and its complex conjugate for ω14 and     :
14 14

14 14

4 43
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i i

i i

i a is e ie
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θ θ
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14 14 14
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2
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θ θ

θ θ θ θ
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14 14 14 14 14 14 142 2
12 4 14 4 14 43 14 43 14 43 14 43 43 14

i i i i i i iis ia e a e s e is e s e is e s eθ θ θ θ θ θ θα ω α ω ω ω= + − − − − + −
Acceleration loop Equation:
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a a a

θ θ θ θα ω ω= + − + − +
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Solving the acceleration loop equation and its complex conjugate for α14 and     :43s
14 14

4 43( )
2

i ii a is e ie
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θ θ+
Δ = = Note that the discriminant D is the same as in the velocity analysis
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Or, differentiating the velocities:

14sin sθω
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14 12
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sin =-   -  cos sin             

s
s

d ss s s
dt s s

ω

ω θα ω θ θ

=
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⎡ ⎤
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⎣ ⎦
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⎡ ⎤
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Position, Velocity and Acceleration of point C
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=
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14Cy 12 3 14 14 3 14                  a sin coss a aα θ ω θ= + +


