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LASER INTERFEROMETER GRAVITATIONAL WAVE OBSERVATORY LIGO LIGO-T1100057-v1

1. Introduction

The purpose of this document is to describe the assembly process for the D1002424 Vibration

: : . Absorbers to yield an approximant 10% compression of the Viton® O-Rings. (See 21002424 for
LIGO Laboratory / LIGO Scientific Collaboration component part numbers & BOM).

2. Vibration Absorber exploded and completed views

LIGO-T1100057-v1 LIGO 24 Jan 2011

D1002424 Vibration Absorber
Assembly Instructions

Kurt Buckland

Distribution of this document:
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3. Step by step instructions

Step 1: Determine washer stack (can be determined by inspection report for each lot of
parts)

Measure D1002427 Mass thickness

Measure D1002425 Clamp Base, D1002426 Clamp Top, O-Ring pocket depths
and O-Ring thickness

Washer stack thickness=
Mass + 2x O-Ring thickness - 2x 10% O-Ring thickness - clamp base, clamp top, O-ring
pocket thickness's.

Example:

2.500 (mass) + .206 (2x O-ring thickness) - .021 (2x 10% O-ring thickness) - 1.273
(base) - 1.273 (top) - .040 (base pocket) - .040 (top pocket) = .059

—

—
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Step 2:
Install AS568-102 Viton O-Rings and 21002347 Locking Pins to D1002425 Clamp Base

Step 3:
Install D1002427 Mass and an additional locking pin or 3/16 dia pin to aid in flipping assembly
over.
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Step 4:
Install AS568-102 Viton O-Rings onte 01002426 Clamp Top

Step 5:
Carefully turn over the clamp base with O-rings and pins using the extra, horizontal, pin to keep the
mass down on the O-rings and install onto the top clamp.

Step 6:
Carefully turn the assembly over and remove the top clamp without moving the top clamp O-rings.

Step 7:
Place washer stacks over mounting holes.
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Step 8:
Re-install D1002526 Clamp Top and carefully add screws without moving washer stacks. Tighten
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4. Structure mounting hardware

Once the basic vibration absorber is assembled, the following mounting plates and clamps are
required to mount them to the various structures. (see D1002424 assembly drawing).

OMC Structure:
D1000895 Mounting plate
D1002081 Mounting plate
Lower Quad and HLTS Structures:
D1000895 Mounting plate
D1001060 Clamp
FM/BS Structure:
D1000895 Mounting plate
D1002174 Mounting plate
HSTS Structure:
D1000895 Mounting plate
D1001059 Clamp
Upper Quad and TMS Structures:
D1002594 Mounting plate
D1002597 Clamp
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Introduction

This document describes the B&K Modal testing of the Vibration Absorbers installed on various
aLIGO suspension systems. This testing was performed at the LIGO Hanford Observatory by the aLIGO
Suspension Assembly group, to ensure the units were assembled correctly, and to establish the resonance
frequency and relative stiffiess of each of the Vibration Absorber units.

The Vibration Absorbers were assembled in accordance with the Vibration Assembly Instructions
(D1002424). For the Vibration Absorbers to function correctly, they need to have a 10% crush on the
Viton O-Rings that the central mass sits upon. Following the guidelines set out in the assembly
instructions, based on measurements, and testing performed at Hanford, it was determined that a single
0.060” shim (McMaster-Carr #97022A535) was best to set the gap between the top and bottom clamp,
50ip of torque was used on the 1/4-20 SHCS to secure the top and bottom clamps together.

1.0 B&K Modal System Setup

It is assumed that the reader has a working knowledge of the LIGO Contamination Control Policies
(E0900047) and B&K Modal testing system and its setup, The Simple Hammer test configuration worked
best for testing the Vibration Absorbers, The project, “Vib-Abs-Test-Setup.pls”, has the configuration
parameters used at Hanford to conduct these tests and can be used as a model for future testing, Figure 1: Vibration Absorber Test Bed

1.1 Configure the B&K System: The accelerometer was attached to the Vibration Absorber using a custom fabricated mount.

1. Analyzer Setup Dialog
a.  Set the frequency to 800 Lines and 800 Span.
b. Set the Averaging Mode to Linear.
2. Hammer Setup Dialog
a.  Run the Trigger Level Setup. Note: A Trigger Level of 20N worked best.
b.  Run Window Setup, making sure to set the Window Type to Uniform.
c. Press the Apply button to save the changes.
3. Response Setup Dialog
a. Set the Window Type to Uniform.
b. Run the Response View test and look for a uniform ring down.,
c. Press the Apply button to save the changes.

The B&K system should now be ready to test the Vibration Absorbers,
1.2 Testing platform:

To ensure a true test of the Vibration Absorber’s resonance frequency, the unit must be secured to
stable surface that will not induce a resonance frequency near that of the Vibration Absorber, At

Hanford, we used a Quad Dummy Test Mass (D060358) placed on an optics table. The Vibration Figure 2: Custom Accelerometer Mount
Absorber was dog clamped to the mass for the test.

The long stud on the mount is put through the hole in the central mass perpendicular to the
locking pins. The stud should be tight enough to keep the mount from moving. The
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2.0 Testing

With the B&K software configured, the Vibration Absorber dogged down to the test bed, and the
accelerometer secured to the Vibration Absorber testing can proceed. It is best to have one person
dedicated as “clean” to mount/dismount the Vibration Absorbers from the test bed and a “dirty” person to
work the hammer and the computer. Since the hammer is not clean, (1). Wipe the tip of the hammer with
Isopropanol, and (2). Cover the hammer with a clean glove. We cut the tip off the glove to expose the
hammer tip so as not to bias the measurement.
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2.2 Processing the Data:

‘While the “clean” person removes the tested unit and prepares the next unit for testing, the
“dirty” person should process the data just taken, according to the following checklist.

1. Right click on the top graph to open the MesaDisplay sub dialog and select Properties.
2. Ifthe cursor is not at 100Hz, select the Cursor tab and enter 100 in the Main cursor field.
3. Select the Function tab.
a.  Click on the third blue highlighted entry (for Response 3), to remove the Z-axis
plot from the graph.
b. Click on the first blue highlighted entry (for Response 1) to remove the X-axis
from the graph,
¢. Click on the same entry (for Response 1) to add the X-axis back to the graph as
the blue (active) trace.
Repeat steps 1 — 3 for the second graph.
Close the MesaDisplay dialog.
Press the Print Scr key to put a screen shot of the results in the clipboard.
Open the MS Paint application,
Click on the Paste icon to paste the screen shot into Paint.
Position the output so as much of the graphs as possible appears in the display.
0. Click on the Select Icon and select the graph areas. Note: you can select below the status
bar if part of the graph is covered,
11. Copy the selected graph area to the clipboard.
12. Open MS Word (or similar application), and click on Paste to copy the graphs from the
clipboard,
13. Save the file as “VA-nnn.pdf”’, (nnn is the serial number of the tested unit). Note: To
save the file as a PDF you can
a.  Add “PDF” to the file name.
b. Open the Save as type dropdown and select PDF.

Figure 3: Vibration Absorher ready for test

S Re ey s

2.1 Running the Test: 14, Close MS Word and MS Paint. If prompted do not save either.

1.
2,
3

e o 15. Return to section 2.1 Running the Test: to test the next Vibration Absorber.,
Remove the Locking Pins from the Vibration Absorber

Open the Measurement Dialog : -

Click on Initialize to configure the test 2.3 Sample Results Data File:
a.  Wait until the Response Bars drop into the Blue zone.

Click on Start to start the measurement.
a. Wait until the Status Monitor has changed from Green to Yellow.

Tap the Vibration Absorber close to the mounting stud nut.

Rep:;at ;: fat;gi:}gmf,:llii bﬁi:;hgm a8 omsblelwtkiott Sensirg daule hifien 1. The X-Axis (blue trace) should have a relatively smooth ascending slope topping
a. At the fifth successful tap, the Status Monitor should change from Yellow to Red 2 ;‘ﬁ;“;f;ie;;:fhfuﬁgg:?:g; o peaks Below the 1008z cursor (red

signaling the completed measurement. If not, click on Stop to complete the ; e p

t. Note: If this h th z Di h crosshair). Note: The bump around 10Hz is OK.
i‘:::au;:::dod:tz Line::' Rk e fa DR St 3. The X-axis trace should cross the 16Hz line between -20 and -30 dB,

4. The Resonance Frequency should be below approximately 120Hz. (This can be
somewhat complicated as there could be a higher Resonance Frequency that is

This is an example of a Vibration Absorber results data file. There are several points to
consider when evaluating whether the Vibration Absorber is within specifications and is ready for
installation on a suspension,



16Hz line cross

OK). Any extreme values may indicate an assembly problem and the unit should

be rebuilt.
The X-axis (blue) trace in the lower graph should slope up to the Y cursor (red
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Figure 4: Sample Results Data File
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3.0 Moving Results Data files to the DCC.

The testing result files for the Vibration Absorbers are linked to the DCC under the Master
document E1101122. The individual test result files are attached to an E-Traveler document, using the

template S1107579.

1. Use the DCC E-Traveler process to generate bulk (up to 20 at one time) copies of the
S1107579 template.
2. Copy the document numbers generated by the E-Traveler to the Metadata of the Master
document E1101122,
a. OpenEL101122.
b. Select Change Metadata.
c. Paste the document numbers into the Related Documents section and save the
Metadata.
d. Press F5 to refresh the Master document, so the new file links will be displayed.
3. Hold CTRL and Click on the several of the S110nnnn documents to stage a group for
editing.
4. Select the first template document and attach the data file.
a. Click on Create LIGO-S110nnnn to open the file.
b. Append the unit serial number to the Title,
c. Under the Local file upload: section, browse to results data file location and
select the results file for the Vibration Absorber that will be added to the
Template.
d. Click Upload Documents.
5. Close the edited document.
6. Select the next Template, and repeat the above steps until all result files have been

uploaded inte the Templates.



