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System Modeling 
Test 1: 15 degree initial displacement
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System Modeling 
Test 2: PD Torque Control
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System Modeling 
Test 3: PD Torque Control
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System Modeling 
Test 4: Stiffer bushings

0 1 2 3 4 5 6
-0.6

-0.4

-0.2

0

0.2

0.4

0.6
Control torque, Upper Angle

Time [s]

C
o
n
tr

o
l 
T

o
rq

u
e
 [

k
g
-c

m
]

 

 

0 1 2 3 4 5 6
-10

-5

0

5

10

15

20

U
p
p
e
r 

A
n
g
le

 [
d
e
g
re

e
s
]

Control Torque

Upper Angle

0 1 2 3 4 5 6
-0.5

0

0.5
Control torque, Hanger Angular Velocity

Time [s]

C
o
n
tr

o
l 
T

o
rq

u
e
 [

k
g
-c

m
]

 

 

0 1 2 3 4 5 6
-100

0

100

H
a
n
g
e
r 

A
n
g
u
la

r 
V

e
lo

c
it
y
 [

d
e
g
re

e
s
/s

e
c
]

Control Torque

Hanger Angular Velocity

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-5

0

5

10

15
Upper Angle, Hanger Angle, Base Angle

Time [s]

D
e
g
re

e
s

 

 

Upper Angle

Hanger Angle

Base Angle

0 1 2 3 4 5 6
-5

0

5
Restraint Forces

Time [s]

R
e
s
tr

a
in

t 
fo

rc
e
, 

F
x
2
 [

N
]

 

 

0 1 2 3 4 5 6
-10

0

10

R
e
s
tr

a
in

t 
fo

rc
e
, 

F
y
2
 [

N
]

Fx2

Fy2

0 1 2 3 4 5 6
-2

0

2
x 10

-5 Restraint Displacements

Time [s]R
e
s
tr

a
in

t 
D

is
p
la

c
e
m

e
n
t,

 d
e
lt
a
 x

2
 [

m
]

 

 

0 1 2 3 4 5 6
-2

0

2
x 10

-5

R
e
s
tr

a
in

t 
D

is
p
la

c
e
m

e
n
t,

 d
e
lt
a
 y

2
 [

m
]

dx2

dy2

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.1

-0.05

0

0.05

0.1

0.15
Input Slop

Time [s]

A
n
g
u
la

r 
D

is
p
la

c
e
m

e
n
t 

[d
e
g
re

s
s
]



CAD - Kevin 



Front View 



Side View 



CAD Animation 

• pitch.wmv 

• roll9.wmv 

pitch.wmv
roll9.wmv


   



Current Progress / Status 

• Better servos 

• Tightening/eliminating bushings for tighter 
response 

 

 

 

 



To be done… 

• Play around with control code 

• Apply model results to system 

• Quantify progress through imaging target 

 



Questions? 


