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Introduction

This document summarizes the different tests which have been done to validate HEPI L1 HAM®6. All
the HEPI testing reports must be posted under:

LIGO-E1300454: aLIGO HEPI Testing Reports
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Sub-Components Testing
¢ Kaman Inductive Position Sensors: calibration, linearity, factory data, noise measurements
(E0900426 — HEPI Kaman Sensor Receiving Analysis - Results posted in the SVN )
Note: these serial numbers have not been recorded at the time of install and are not hidden.
* HEPI actuator linearity test (E1100338 — alLIGO HEPI Actuators Test Results).

Note: these serial numbers have not been recorded at the time of install but are still accessible and
will be recorded.
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e L4C test (Q0900007)

Horizontal Vertical

Pier 1

Pier 2

Pier 3

Pier 4

Figures in SVN at:
/HEPI/LI/HAMG6/Data/Figures/Spectra/Ground/
- L4c huddle _jan_30th_20] 3 _horiz.pdf
- L4c_huddle_jan 30" 2013 vert.pdf

. Huddle test L4C January 30th
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- Figure 1: Power spectra of L1 HAM 6 horizontal L4Cs
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Huddle test L4C January 30th
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Figure 2: Power spectra of L1 HAM 2 horizontal L4Cs
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Assembly Validation

1.1 Load Cells assembly

* Spring attachment
For the HAM HEPI springs, check the assembly per D1003359.

* Load cell values
HAM HEPI load cell capacity — 2000 lbs

Right Spring

Figure 3: HAM-HEPI example at LASTI

Left Spring (Ibs) Right Spring (Ibs)

Pier 1
Pier 2
Pier 3
Pier 4

Acceptance criteria:
* The values must not exceed 80% of the load cell capacity (<16001bs for HAM).

Test result: Passed: Failed: Waived:
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}.2 Bellows

The bellows are hard to access and tests are hard to proceed. After several discussions and
brainstorming sessions, it has been decided not to measure the gaps on HEPI-HAM.

Test result: Passed: Failed: Waived: X

1.3 Boot Location

Tangential Left: 5.380”

Figure 4: Boot location, tangential left gap ‘measurement

Tangential Right: 5.380”

- Al TR
Figure 5: Boot location, tangential right gap measurement
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Radial Back: 1.17”

Figure 7: Boot location, radial front gap measurement
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Vertical: 0.32”

E1300923-V1

Acceptance criteria:

Pier 1 Pier 2 Pier 3 Pier 4 Nominal
Tangential 5.5 5059 | 5347 | s5.187 5.38
Left
Tangential [ o100 | 5625 | 5311 | 548 5.38
Right
Radial Back 1.118 1.342 1.271 1.218 1.17
Radial Front 1.419 1.245 1.214 1.417 1.42
Vertical 0.284 0.322 0.399 0.274 0.32
Pier 1 Pier 2 Pier 3 Pier 4 | Requirements
Tangential 012 | 0321 | -0.033 | -0.193 +/-0.20
Left
Tangential {5195 | 0245 | 0060 | 01 +/-0.20
Right
Radial Back -0.052 0.172 0.101 0.048 +/-0.10
Radial Front -0.001 -0.175 -0.206 -0.003 +/-0.15
Vertical -0.036 0.002 0.079 -0.046 +/-0.20

Note: usually this test can be waived if step 1.10 Linearity Test/Range of motion in the local
basis passes because it means that the system has a full range of motion and is, therefore, free to

move.

Test result:

Passed:

Failed: X

Waived:

10
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1.4 Check Stops Gaps

The stops must not touch the boot. There are 15 stops per boot, 5 per F bracket.

@

Figure 9: Locations of the boot’s stops

Acceptance criteria:
= A 0.062” shim must fit into the gaps

11
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A 0.062” must fit into the gaps

L

Figure 10: Locations of the boot's gaps to measure

Bracket 1 Bracket 2 Bracket 3

Gap | Gap | Gap | Gap4 | Gap4 | Gap | Gap | Gap | Gap | Gap4 | Gap4 | Gap | Gap | Gap | Gap | Gap4 | Gap4 | Gap
1 2 3 |above| under | 5 1 2 3 | above| under | 5 1 2 3 | above |under | 5

Pier | Go | Go | Go Go Go Go | Go | Go | Go Go Go Go | Go | Go | Go Go Go Go

Pier | Go | Go | Go Go Go Go | Go | Go | Go Go Go Go | Go | Go | Go Go Go Go

2

Pier | Go | Go | Go Go Go Go | Go | Go | Go Go Go Go | Go | Go | Go Go Go Go
3

Pier | Go | Go | Go Go Go Go | Go | Go | Go Go Go Go | Go | Go | Go Go Go Go
4

Note: HAM 4 is currently in the locked position so the measurement of these gaps is pointless at
this time. Measurements will be taken when HEPI will be unlocked on HAM 4.

Test result: Passed: Failed: Waived:

12
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1.5 Gaps check

Four particular gaps need to be check.

Gap #1
1LY

13
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Figure 11: Gaps which need to be checked

Acceptance criteria:
= a0.08” shim must fit in these two gaps

Issues/difficulties/comments regarding this test: Gap#1 is tricky to reach. At LASTI, the solution
found was to tape the shim to an extension (rod, rigid ruler, etc.).

Gap#2 should be reachable by hand.

Gap#3 and 4 are tricky, but should also be doable (no picture)

14
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Gap#l

it

Gap#2

Figure 12: First gap to

E1300923-V1

Figure 13: Second gap to measure

15
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Gap#1 | Gap#2 | Gap#3 | Gap#4
Pier 1 Go Go Go Go
Pier 2 Go Go Go Go
Pier 3 Go Go Go Go
Pier 4 Go Go Go Go

Note: usually this test can be waived if step 1.10 Linearity Test/Range of motion in the local
basis passes because it means that the system has a full range of motion and is, therefore, free to
move.

Test result: Passed: Failed: Waived: X

1.6 IPS Centering

Scripts files for processing and plotting in SVN at:
/SeiSVN/seismic/HEPI/Common/Testing Functions HEPI/Offset STD IPS HEPI.m

Note: All the loops were turned off during this test. Hepi was floating

HI1 H2 H3 H4 Vi V2 V3 V4
Mean
12675 | 2201 4747 | 11820 316 4420 1926 3207
(counts)
oot - - - - - - - -
ceeplance | 15000 | 15000 | 15000 | 15000 | 15000 | 15000 | 15000 | 15000
Test result: Passed: Failed: Waived:

16
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1.7 Sensor ASD

Scripts files for processing and plotting in SVN at:
/8eiSVN/seismic/HEPI/Common/Testing Functions HEPI/ASD Measurements Local HEPI.m

Data in SVN at:
SeiSVN/seismic/HEPI/LI/HAM6/Data/Spectra/Isolation

-LLO_HPI HAM6 ASD m IPS L4C 20150406 06:33:59.m
Figures in SVN at:

/8eiSVN/seismic/HEPI/L1/HAM?2/Data/ Figures/Spectra/Isolation
-LLO _HPI HAM6 ASD m_IPS L4C 20150406 06:33:59.fig
-LLO _HPI HAM6 ASD m_IPS L4C 20150406 06:33:59.pdf

. IPS  LLO HAMG6-HEPI -Isol&#n — ASD — April 6t
10 10  r ‘
—H1 —H1
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Measurement length: 1900s — Sample window: 50s — Overlap: 50% - Frequency resolution

Figure 14: L1 HAM 6 HEPI Sensor spectra L4Cs IPSs
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Issues/difficulties/comments regarding this test:

Acceptance criteria:

Test result:

Passed: X

Failed:

E1300923-V1

Waived:

18



LIGO E1300923-V1

1.8 SUS-watchdogs interaction test
Note: This test will be obsolete very soon, as the payload-HEPI WD connection is planned
for removal.
. Set up a zero value on the payload watchdogs.
. Check that the payload watchdog screen of HEPI tripped.

. In the payload watchdog screen, click on the OVERRIDE button and reset the watchdog.

. Do the same process for all the payloads

Acceptance criteria:
» The HEPI must trip when the payload watchdogs are tripped

* The HEPI watchdogs could be reset when the OVERRIDE button is ON
=  Test result: Passed: X Failed: Waived:

Note: When this test is done, reset everything (OVERRIDE button OFF, put back the value on
the payload watchdog).

19
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1.9 Static Test local drive

Scripts files for processing in SVN at:

/8eiSVN/seismic/HEPI/Common/Testing Functions HEPI/Static Test Local Basis HEPIl.m

Data in SVN at:

SeiSVN/seismic/HEPI/L1/HAM?2/Data/Static_Tests/

. Drive of 100 counts (in progress)

E1300923-V1

H2 H3 H4 V1 V2 V3 V4
-5056.1049 -327.0384 -1879.51872 -178.9088 209.3388 192.18836 -370.0864
-4104.049 -1822.531974 -448.11792 134.8916 -100.465 -301.80668 139.7868
H3 -233.5984 -2065.5751 -4615.56692 178.7694 -183.7838 -239.1095 118.1154
H4 -1807.7793 -701.3897 -4558.2268 -488.2914 367.591 -1.00976 -441.0128
Vi -87.0864 1.56718 302.0506 -174.51156 918.82254 -1656.35338 784.3534
V2 182.2748 -404.56522 -128.0876 486.57564 833.8752 675.00182 -1629.1482
V3 309.8688 -477.33554 -80.087 272.82164 -1436.731 1099.12212 695.124
v4 -177.839 74.78868 291.7698 -126.46464 955.694 -1414.8926 824.44686

. Drive of 1000 counts (in progress)

Table 1: Main couplings and

cross couplings for 100count offset

H2 H3 H4 V1 V2 V3 V4
-5056.1049 -327.0384 -1879.51872 -178.9088 209.3388 192.18836 -370.0864
-4104.049 -1822.531974 -448.11792 134.8916 -100.465 -301.80668 139.7868
H3 -233.5984 -2065.5751 -4615.56692 178.7694 -183.7838 -239.1095 118.1154
H4 -1807.7793 -701.3897 -4558.2268 -488.2914 367.591 -1.00976 -441.0128
Vi -87.0864 1.56718 302.0506 -174.51156 918.82254 -1656.35338 784.3534
V2 182.2748 -404.56522 -128.0876 486.57564 833.8752 675.00182 -1629.1482
V3 309.8688 -477.33554 -80.087 272.82164 -1436.731 1099.12212 695.124
v4 -177.839 74.78868 291.7698 -126.46464 955.694 -1414.8926 824.44686

Table 2: Main couplings and cross couplings for 1000 count offset

. Drive of 5000 counts (Nominal value handled by testing script)

Table 3: Main couplings and cross couplings for 5000 count offset

20
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Issues/difficulties encountered during this test:

Acceptance criteria:
= The results in these three tables must be the same (within xxx%)

Test result: Passed: Failed: Waived:

21
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1.10 Linearity Test/Range of motion in the local basis

Scripts files for processing and plotting in SVN at:
/8eiSVN/seismic/HEPI/Common/Testing Functions HEPI/Linearity Test Awgstream HEPILm

Data in SVN at:

SeiSVN/seismic/HEPI/LI/HAM6/Data/Linearity Test/

Figures in SVN at:

/8eiSVN/seismic/HEPI/L 1/HAMG6/Data/Figures/Linearity Test/

E1300923-V1

Di A i
Slopes Offsets Average ifference / Average in
Slope %
H1 -1.74 -13059 104
H2 -1.69 -2641.7 413
-1.76
H3 -1.72 -5624.8 529
Ha4 -1.89 11428 a7
vi -1.10 104 31.24
V2 2.44 3711 51.91
-1.61
V3 -1.57 1678 1.98
V4 -1.31 2884 18.67

This test shows that a positive actuation gives negative IPS readout. To check where the signs come

from the platform was pushed up (towards the sky), and the readout was still negative.

22



Sensor readout (count)

LIGO

LLO HAM6-HEPI —April 7th, 2015 — SUS Damped - IS| Damped
)\(/(,?Hical actuators to Vertical IPS

Ho)Ei%ntal actuators to Horizontal IPS
2.57 = 2.5
2.3H—H1 2.3
21H—H2 2.1
1.91—HS3 1.9
1.7H—Ha4 1.7
1.5F 1.5
1.3F 1.3
1.1r 1.1
0.9+ = 0.9
0.7+ s 0.7
0.5 8 05
0.3+ 5 03
0.1 o 0.1
0.1} 8 0.1
-0.3r = -0.3
-0.5¢ 3 -0.5
-0.7} S -0.7
-0.9r w -0.9
-1.1r -1.1
-1.3r -1.3
-1.5r -1.5
1.7+ -1.7
-1.9r -1.9
-2.1r 2.1
-2.3r -2.3
2:5 -1 -0.5 0 0.5 1 2:5

Actuator drive (count) x 10

Figure 15: Linearity Test
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23

created by Linearity_Test_Awgstream_HEPI on 07-Apr-2015



LIGO

Scripts files for processing in SVN at:

E1300923-V1

/8eiSVN/seismic/HEPI/Common/Testing Functions HEPI/Static Test Local Basis HEPIl.m

Data in SVN at:
SeiSVN/seismic/HEPI/L1/ HAM?2/Data/Static

Tests/

Positive
Drive

At Rest

Negative
Drive

Amplitude

H1

H2

H3

H4

V1

V2

V3

V4

Table 4: Range of Motion

Issues/difficulties encountered during this test:

Acceptance criteria:

* For the linearity test, the results in these three tables must be the same (within +/- 20%

compared to the average slopes)

» For the range of motion, the sign must be positive for a positive drive and negative for a
negative drive, and the amplitude must be bigger than 40000 counts.

Test result: Passed:

Failed:

Waived:

24
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1.11 Actuator Plate to Shields gap

Note: Perform this test ONLY if the range of motion test failed.

k LT

Figure 16: Locations of the actuator gaps to check if Step 1.10 Linearity Test/Range of motion in the local basis
failed

Three gaps per actuator need to be checked as shown on Figure 19: Locations of the actuator gaps to
check if Step 1.10 Linearity Test/Range of motion in the local basis failed .

Horizontal Vertical
Gap#1 | Gap#2 | Gap#3 | Gap#1 | Gap #2 | Gap #3
Pier 1 Go Go Go Go Go Go
Pier 2 Go Go Go Go Go Go
Pier 3 Go Go Go Go Go Go
Pier 4 Go Go Go Go Go Go

Acceptance criteria:
= A 0.1” shim must fit into the gap #1
= A 0.05 shim must fit into gap #2 and #3

Test result: Passed: Failed: Waived: X

25
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1.12 Valve Check

Scripts files for processing and plotting in SVN at:
/8eiSVN/seismic/HEPI/L 1/HAMO6/Scripts/Valve Check/plot valve check.m
/8eiSVN/seismic/HEPI/L1/HAMG6/Scripts/Valve Check

Figures in SVN at:
/8eiSVN/seismic/HEPI/L1/HAM?2/Data/Figures/Valve Check/Individual Tests/Valve Check 03-Apr-
2015 12:13:31.fig

HAM6 Valve Check 03-Apr—-2015-12:13:31

o) ‘g IPS
S L4C
_43 10 * * * * * * 3
% ;

@ "
= X X X X x X
% H2 H3 H4 V1 v2 v3 V4
180 » -
135 , i
I 9;' X X X X X X X
0N 4 7
© * * * -
£ a5t : -
0_ -90 .
-135| J
-180- ] ] | * * * #
H1 H2 H3 H4 V1 v2 v3 v4

Q ¥ ¥ ¥ w x x ¥

C 09909} * * T

o X

.

)

-CC) 0.9999 - * T

O | | | | | |

0.9998
H1 H2 H3 v2 v3 V4

H4 V1
Actuator

Figure 17: Valve check individual plot
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Acceptance criteria:

E1300923-V1

=  Test result: Passed: X Failed: Waived:
1.13 Local-to-local measurements
TO DO
Band (Hz) Resolution Amplitude Nreps Time (s) Time (min) Time (h)
100 - 500 0.5 4000 - 4000 250 4176 69.6 1.2
10-100 0.25 4000 - 4000 200 6592 109.9 1.8
0.7-10 0.05 4000 - 4000 75 12320 205.3 3.4
0.1-0.7 0.025 4000 - 4000 30 10080 168.0 2.8
0.01-0.1 0.01 4000 - 4000 10 8960 149.3 2.5
0.002 -
0.01 0.002 4000 - 4000 2 12160 202.7 3.4
15.1

Data files in SVN at:

/8eiSVN/seismic/HEPI/L1/HAM?2/Data/Transfer Functions/Measurements/Undamped/

- L1 _HEPI HAM?2 0p05 to OpSHz 20130119-200548.mat
- L1 _HEPI HAM?2 Op5 to 2Hz 20130119-231427.mat
- L1 HEPI HAM? 2 to 20Hz 20130129-130324.mat

- L1 HEPI HAM?2 20 to 100Hz 20130129-164634.mat
- L1 HEPI HAM?2 100 to 250Hz 20130129-145723.mat

Data collection script files:
/8eiSVN/seismic/HEPI/Common//Transfer Function Scripts/
* Run TF L2L 10mHz 100mHz.m
* Run TF L2L 100mHz 500mHz.m
» Run TF L2L 500mHz 5Hz.m
» Run TF L2L 5Hz 100Hz.m
» Run TF L2L 100Hz 1000Hz.m

Scripts files for processing and plotting in SVN at:
/8eiSVN/seismic/HEPI/L1/HAM?2/Scripts/Control_Scripts/Version 5/
- Step 1 TF Loc to Loc L1 _HEPI HAM2.m

Figures in SVN at:

/8eiSVN/seismic/HEPI/L1/HAM?2/Data/Figures/Transfer Functions/Measurements/Undamped/

» L1 HPI HAM? TF L2L Raw from ACT to IPS 2013 02.fig
» L1 HPI HAM? TF L2L Raw from ACT to L4C 2013 02.fig

Storage of measured transfer functions in the SVN at:

/8eiSVN/seismic/HEPI/L1/HAM?2/Data/Transfer functions/ Simulations/Undamped/

- L1 HPI HAM2 TF L2L Raw 2013 02.mat

27
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The local-to-local transfer functions are presented below.

HEPI — L1 — HAM6 —April 08th 2015

ACT-H1 - L4C-H1
ACT-H2 - L4C-H2
ACT-H3 - L4C-H3
ACT-H4 - L4C-H4
ACT-V1 - L4C-V1
ACT-V2 - L4C-V2
ACT-V3 - L4C-V3

. . ACT-V4 - L4C-V4 .
1 0 i L i N | i T T I W W W | i i i R i
-1 0 1

Magnitude (count/count)

1351

Angle(®)

—Apr-2015

~
5
o
‘ s
I | i P i
1 2 3
Q 10 10 b
o ; d ' 5
g | I £
o 2
= \
| i | i S
(@] 1 2
10 10 10

Frequency (Hz)

Figure 18: L1 HAM 4 HEPI Act to IPS Transfer Functions
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Magnitude (count/count)
o
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ACT-H2 - IPS-H2
_5 ACT-H3 — IPS-H3
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10 ACT-V2 - IPS-V2
_7 ACT-V3 - IPS-V3
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@
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o
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T

Oxxxi i i R S N R | i i R S S R | i i

created by Plot_TF_L2L_HEPI on 17-Apr-2015

-1 0

10 10 10
Frequency (Hz)

Figure 19: L1 HAM 4 HEPI Act to IPS Transfer Functions

Issues/difficulties/comments regarding this test:

Acceptance criteria:
=  On IPS, the phase must be 0° at DC
* On geophones, the phase must be 90° at DC
» Identical shape in each corner

Test result: Passed: X Failed:

Waived:

29
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1.14 Alignment offsets:

E1300923-V1

Those are the IPS readouts that were recorded with HEPI locked, after alignment work was
performed. The opposite of those values is to be installed as offset of the IPS filter banks when the
Isolation loops are turned on. This way, HEPI will be operating in its preferred alignment state.

Acceptance criteria:
Offsets were recorded.

Test result:

IPS

Readouts
HEPI
Locked

Offset
Value

H1

H2

H3

H4

V1

V2

V3

V4

Passed:

Failed: .

Waived: . .

30
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Conclusion

L1 HAM 2 HEPI seems good so far, we still have a few tests to run but should not have any issue
with it. Here is a list of the tests that will be done:

- 1.1 Load Cell Assembly: the value will be recorded in this document

- 1.4 Check Stops Gaps: this test will be done when we unlock HEPI on L1 HAM 4

- 1.6 IPS Centering

- 1.9 Static Test Local Drive

- 1.10 Linearity Test and Range of Motion

- 1.14 Alignment Offsets

Some of the tests have been waived:

- 1.2 Bellows: the bellows are hard to access and tests are hard to proceed. After several
discussions and brainstorming sessions, it has been decided not to measure the gaps on HEPI-
HAM.

- 1.5 Gaps Check: this test can be waived if step 1.10 Linearity Test/Range of motion in the
local basis passes because it means that the system has a full range of motion and is, therefore,
free to move

- 1.11 Actuator Plate to Shield gap: this test was not performed because the Range of motion
gave good results

So far, only 1.3 Boot Location fails, but the requirements might be a little bit too strict for this test and
our results are in the ballpark, plus the other tests such as the local to local measurements and the
valve test give good results so this shouldn’t prevent us from approving this HEPI if the rest of the
tests are good.

31



