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10
-1

10
0

10
1

10
2

10
3

Frequency [Hz]

-180

-135

-90

-45

0

45

90

135

180

P
h

a
s
e

 [
d

e
g

]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

L [N/m] (Gain = -1)

T [N/m] (Gain = -1)

V [N/m] (Gain = -1)

R [N.m/rad] (Gain = -1)

P [N.m/rad] (Gain = -1)

Y [N.m/rad] (Gain = -1)



10
-1

10
0

10
1

10
2

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

M
a

g
n

it
u

d
e

Damping Loop Design

H1:SUS-OMC L

10
-1

10
0

10
1

10
2

Frequency [Hz]

-180

-135

-90

-45

0

45

90

135

180

P
h

a
s
e

 [
d

e
g

]

MIMO LUGF Phase Margins (red): [59.7       135] [deg]

MIMO UUGF Phase Margins (blue): [85.3      49.8] [deg]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Plant [m/N] / 1

SISO Open Loop

MIMO Open Loop

SISO Suppression

SISO Closed Loop / 1

MIMO Closed Loop / 1

Control [N/m] / 100



0 1 2 3 4 5 6 7 8 9 10

Time [s]

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damped Impulse Response

H1:SUS-OMC L

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L > M2 L: 3.13 [s]



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
m

e
n

t 
[m

/r
tH

z
]

Projected Sus. Point > Optic Seismic Noise Budget

H1:SUS-OMC, L Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Sus. Point L to M2 L

Sus. Point T to M2 L

Sus. Point V to M2 L

Sus. Point R to M2 L

Sus. Point P to M2 L

Sus. Point Y to M2 L

Total L

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected Top Mass Sensor > Optic Noise Budget

H1:SUS-OMC, L Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 L

M1 T to M2 L

M1 V to M2 L

M1 R to M2 L

M1 P to M2 L

M1 Y to M2 L

Total L

Raw Sensor Noise



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

M
a

g
n

it
u

d
e

 [
m

/N
]

Global Control Transfer Functions to Optic

H1:SUS-OMC, L

M1 L to M2 L(Damping OFF)

M1 L to M2 L(Damping ON)

10-1 100 101 102

Frequency [Hz]

-180
-135
-90
-45

0
45
90

135
180

P
h

a
s
e

 [
d

e
g

]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected M1 Mass Actuator > Optic Noise Budget

H1:SUS-OMC, L Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 L

M1 T to M2 L

M1 V to M2 L

M1 R to M2 L

M1 P to M2 L

M1 Y to M2 L

M1 Total L



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-22

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damping Loop Performance

H1:SUS-OMC L Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Residual Seismic Noise

M1 Sensor Noise

M1 Mass Actuator Noise

Total

Requirements



10
-1

10
0

10
1

10
2

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

M
a

g
n

it
u

d
e

Damping Loop Design

H1:SUS-OMC T

10
-1

10
0

10
1

10
2

Frequency [Hz]

-180

-135

-90

-45

0

45

90

135

180

P
h

a
s
e

 [
d

e
g

]

MIMO LUGF Phase Margins (red): [59.9       123] [deg]

MIMO UUGF Phase Margins (blue): [94.2      49.6] [deg]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Plant [m/N] / 1

SISO Open Loop

MIMO Open Loop

SISO Suppression

SISO Closed Loop / 1

MIMO Closed Loop / 1

Control [N/m] / 100



0 1 2 3 4 5 6 7 8 9 10

Time [s]

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damped Impulse Response

H1:SUS-OMC T

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 T > M2 T: 3.92 [s]



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
m

e
n

t 
[m

/r
tH

z
]

Projected Sus. Point > Optic Seismic Noise Budget

H1:SUS-OMC, T Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Sus. Point L to M2 T

Sus. Point T to M2 T

Sus. Point V to M2 T

Sus. Point R to M2 T

Sus. Point P to M2 T

Sus. Point Y to M2 T

Total T

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected Top Mass Sensor > Optic Noise Budget

H1:SUS-OMC, T Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 T

M1 T to M2 T

M1 V to M2 T

M1 R to M2 T

M1 P to M2 T

M1 Y to M2 T

Total T

Raw Sensor Noise



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected M1 Mass Actuator > Optic Noise Budget

H1:SUS-OMC, T Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 T

M1 T to M2 T

M1 V to M2 T

M1 R to M2 T

M1 P to M2 T

M1 Y to M2 T

M1 Total T



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-22

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damping Loop Performance

H1:SUS-OMC T Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Residual Seismic Noise

M1 Sensor Noise

M1 Mass Actuator Noise

Total

Requirements



10
-1

10
0

10
1

10
2

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

M
a

g
n

it
u

d
e

Damping Loop Design

H1:SUS-OMC V

10
-1

10
0

10
1

10
2

Frequency [Hz]

-180

-135

-90

-45

0

45

90

135

180

P
h

a
s
e

 [
d

e
g

]

MIMO LUGF Phase Margins (red): [54.4       114] [deg]

MIMO UUGF Phase Margins (blue): [93.1      48.9] [deg]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Plant [m/N] / 1

SISO Open Loop

MIMO Open Loop

SISO Suppression

SISO Closed Loop / 1

MIMO Closed Loop / 1

Control [N/m] / 100



0 1 2 3 4 5 6 7 8 9 10

Time [s]

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damped Impulse Response

H1:SUS-OMC V

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 V > M2 V: 1.26 [s]



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
m

e
n

t 
[m

/r
tH

z
]

Projected Sus. Point > Optic Seismic Noise Budget

H1:SUS-OMC, V Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Sus. Point L to M2 V

Sus. Point T to M2 V

Sus. Point V to M2 V

Sus. Point R to M2 V

Sus. Point P to M2 V

Sus. Point Y to M2 V

Total V

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected Top Mass Sensor > Optic Noise Budget

H1:SUS-OMC, V Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 V

M1 T to M2 V

M1 V to M2 V

M1 R to M2 V

M1 P to M2 V

M1 Y to M2 V

Total V

Raw Sensor Noise



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected M1 Mass Actuator > Optic Noise Budget

H1:SUS-OMC, V Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 V

M1 T to M2 V

M1 V to M2 V

M1 R to M2 V

M1 P to M2 V

M1 Y to M2 V

M1 Total V



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-22

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damping Loop Performance

H1:SUS-OMC V Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Residual Seismic Noise

M1 Sensor Noise

M1 Mass Actuator Noise

Total

Requirements



10
-1

10
0

10
1

10
2

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

M
a

g
n

it
u

d
e

Damping Loop Design

H1:SUS-OMC R

10
-1

10
0

10
1

10
2

Frequency [Hz]

-180

-135

-90

-45

0

45

90

135

180

P
h

a
s
e

 [
d

e
g

]

MIMO LUGF Phase Margins (red): [84.5       130] [deg]

MIMO UUGF Phase Margins (blue): [96      43.2] [deg]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Plant [rad/N.m] / 100

SISO Open Loop

MIMO Open Loop

SISO Suppression

SISO Closed Loop / 100

MIMO Closed Loop / 100

Control [N.m/rad] / 1



0 1 2 3 4 5 6 7 8 9 10

Time [s]

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1
D

is
p

la
c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Damped Impulse Response

H1:SUS-OMC R

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 R > M2 R: 1.88 [s]



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
m

e
n

t 
[r

a
d

/r
tH

z
]

Projected Sus. Point > Optic Seismic Noise Budget

H1:SUS-OMC, R Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Sus. Point L to M2 R

Sus. Point T to M2 R

Sus. Point V to M2 R

Sus. Point R to M2 R

Sus. Point P to M2 R

Sus. Point Y to M2 R

Total R

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Projected Top Mass Sensor > Optic Noise Budget

H1:SUS-OMC, R Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 R

M1 T to M2 R

M1 V to M2 R

M1 R to M2 R

M1 P to M2 R

M1 Y to M2 R

Total R

Raw Sensor Noise



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Projected M1 Mass Actuator > Optic Noise Budget

H1:SUS-OMC, R Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 R

M1 T to M2 R

M1 V to M2 R

M1 R to M2 R

M1 P to M2 R

M1 Y to M2 R

M1 Total R



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-22

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damping Loop Performance

H1:SUS-OMC R Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Residual Seismic Noise

M1 Sensor Noise

M1 Mass Actuator Noise

Total

Requirements



10
-1

10
0

10
1

10
2

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

M
a

g
n

it
u

d
e

Damping Loop Design

H1:SUS-OMC P

10
-1

10
0

10
1

10
2

Frequency [Hz]

-180

-135

-90

-45

0

45

90

135

180

P
h

a
s
e

 [
d

e
g

]

MIMO LUGF Phase Margins (red): [107       147] [deg]

MIMO UUGF Phase Margins (blue): [134      33.8] [deg]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Plant [rad/N.m] / 100

SISO Open Loop

MIMO Open Loop

SISO Suppression

SISO Closed Loop / 100

MIMO Closed Loop / 100

Control [N.m/rad] / 1



0 1 2 3 4 5 6 7 8 9 10

Time [s]

-8

-6

-4

-2

0

2

4

6

8
D

is
p

la
c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Damped Impulse Response

H1:SUS-OMC P

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 P > M2 P: 1.69 [s]



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
m

e
n

t 
[r

a
d

/r
tH

z
]

Projected Sus. Point > Optic Seismic Noise Budget

H1:SUS-OMC, P Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Sus. Point L to M2 P

Sus. Point T to M2 P

Sus. Point V to M2 P

Sus. Point R to M2 P

Sus. Point P to M2 P

Sus. Point Y to M2 P

Total P

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Projected Top Mass Sensor > Optic Noise Budget

H1:SUS-OMC, P Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 P

M1 T to M2 P

M1 V to M2 P

M1 R to M2 P

M1 P to M2 P

M1 Y to M2 P

Total P

Raw Sensor Noise



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

M
a

g
n

it
u

d
e

 [
ra

d
/N

.m
]

Global Control Transfer Functions to Optic

H1:SUS-OMC, P

M1 P to M2 P(Damping OFF)

M1 P to M2 P(Damping ON)

10-1 100 101 102

Frequency [Hz]

-180
-135
-90
-45

0
45
90

135
180

P
h

a
s
e

 [
d

e
g

]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Projected M1 Mass Actuator > Optic Noise Budget

H1:SUS-OMC, P Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 P

M1 T to M2 P

M1 V to M2 P

M1 R to M2 P

M1 P to M2 P

M1 Y to M2 P

M1 Total P



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-22

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damping Loop Performance

H1:SUS-OMC P Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Residual Seismic Noise

M1 Sensor Noise

M1 Mass Actuator Noise

Total

Requirements



10
-1

10
0

10
1

10
2

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

M
a

g
n

it
u

d
e

Damping Loop Design

H1:SUS-OMC Y

10
-1

10
0

10
1

10
2

Frequency [Hz]

-180

-135

-90

-45

0

45

90

135

180

P
h

a
s
e

 [
d

e
g

]

MIMO LUGF Phase Margins (red): [55       132] [deg]

MIMO UUGF Phase Margins (blue): [78        34] [deg]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Plant [rad/N.m] / 100

SISO Open Loop

MIMO Open Loop

SISO Suppression

SISO Closed Loop / 100

MIMO Closed Loop / 100

Control [N.m/rad] / 1



0
1

2
3

4
5

6
7

8
9

1
0

T
im

e
 [s

]

-1

-0
.5 0

0
.5 1

Displacement [rad/rtHz]

D
a

m
p

e
d

 Im
p

u
ls

e
 R

e
s

p
o

n
s

e

H
1

:S
U

S
-O

M
C

 Y

created by design_damping_OMCS_20210924 on 28-Sep-2021 , J. Kissel

M
1
 Y

 >
 M

2
 Y

: 3
.5

6
 [s

]



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
m

e
n

t 
[r

a
d

/r
tH

z
]

Projected Sus. Point > Optic Seismic Noise Budget

H1:SUS-OMC, Y Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Sus. Point L to M2 Y

Sus. Point T to M2 Y

Sus. Point V to M2 Y

Sus. Point R to M2 Y

Sus. Point P to M2 Y

Sus. Point Y to M2 Y

Total Y

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Projected Top Mass Sensor > Optic Noise Budget

H1:SUS-OMC, Y Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 Y

M1 T to M2 Y

M1 V to M2 Y

M1 R to M2 Y

M1 P to M2 Y

M1 Y to M2 Y

Total Y

Raw Sensor Noise



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

M
a

g
n

it
u

d
e

 [
ra

d
/N

.m
]

Global Control Transfer Functions to Optic

H1:SUS-OMC, Y

M1 Y to M2 Y(Damping OFF)

M1 Y to M2 Y(Damping ON)

10-1 100 101 102

Frequency [Hz]

-180
-135
-90
-45

0
45
90

135
180

P
h

a
s
e

 [
d

e
g

]

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Projected M1 Mass Actuator > Optic Noise Budget

H1:SUS-OMC, Y Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

M1 L to M2 Y

M1 T to M2 Y

M1 V to M2 Y

M1 R to M2 Y

M1 P to M2 Y

M1 Y to M2 Y

M1 Total Y



10
-1

10
0

10
1

10
2

Frequency [Hz]

10
-22

10
-21

10
-20

10
-19

10
-18

10
-17

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Damping Loop Performance

H1:SUS-OMC Y Optic Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

Residual Seismic Noise

M1 Sensor Noise

M1 Mass Actuator Noise

Total

Requirements



10
-1

10
0

10
1

10
2

10
3

Frequency [Hz]

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected ISI Seismic Noise Budget

H1:SUS-OMC, L Sus. Point Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

HAM-ISI ST2 X > Sus. Point L

HAM-ISI ST2 Y > Sus. Point  L

HAM-ISI ST2 RZ > Sus. Point  L

HAM-ISI ST2 Z > Sus. Point  L

HAM-ISI ST2 RX > Sus. Point  L

HAM-ISI ST2 RY > Sus. Point  L

Total L

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

10
3

Frequency [Hz]

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected ISI Seismic Noise Budget

H1:SUS-OMC, T Sus. Point Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

HAM-ISI ST2 X > Sus. Point T

HAM-ISI ST2 Y > Sus. Point  T

HAM-ISI ST2 RZ > Sus. Point  T

HAM-ISI ST2 Z > Sus. Point  T

HAM-ISI ST2 RX > Sus. Point  T

HAM-ISI ST2 RY > Sus. Point  T

Total T

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

10
3

Frequency [Hz]

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

D
is

p
la

c
e

m
e

n
t 

[m
/r

tH
z
]

Projected ISI Seismic Noise Budget
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H1:SUS-OMC, R Sus. Point Displacement

c
re

a
te

d
 b

y
 d

e
s
ig

n
_

d
a

m
p

in
g

_
O

M
C

S
_

2
0

2
1

0
9

2
4

 o
n

 2
8

-S
e

p
-2

0
2

1
 ,

 J
. 

K
is

s
e

l

HAM-ISI ST2 X > Sus. Point R

HAM-ISI ST2 Y > Sus. Point  R

HAM-ISI ST2 RZ > Sus. Point  R

HAM-ISI ST2 Z > Sus. Point  R

HAM-ISI ST2 RX > Sus. Point  R

HAM-ISI ST2 RY > Sus. Point  R

Total R

PRCL HAM-ISI Goal

SRCL HAM-ISI Goal



10
-1

10
0

10
1

10
2

10
3

Frequency [Hz]

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

D
is

p
la

c
e

m
e

n
t 

[r
a

d
/r

tH
z
]

Projected ISI Seismic Noise Budget
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H1:SUS-OMC, Y Sus. Point Displacement
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Projected Input Top Mass Sensor Noise Budget
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