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BLADE CLAMPS

						BLADES

						GEO 1		GEO 2				LOBART 1		Superior JIG S8				LOBART 16L		Superior JIG 15				GEO 2003 (conv.)		GEO 2003 (trap.)

										Pythagoras						Pythagoras						Pythagoras		(No.18 of 18)		(No. 1 of 2)		Pythagoras

										(+ / -)						(+ / -)						(+ / -)						(+ / -)

		Mass to deflect blade to flat position               (using flat clamps)				7.794 kg		7.934 kg		-		4.384 kg		4.314 kg		-		1.479 kg		1.534 kg		-		440g		440g		-

						These same masses were suspended from blade each time, but switching in/around clamps. Below we see how the angled clamps affect the deflection at the point of reference

		Clamp ANGLE		CLAMP ORIENTATION

		0.5		angle UP (+)		2.01		1.99				2.26		2.56				0.94		1.7				1.36		2.02

										2.09						2.17						1.04						1.53

		0.5		angle DOWN (-)		-2.76		-2.13				-1.97		-1.3				-1.29		-1.06				-2.07		-1.62

		1		angle UP (+)		4.12		3.75				4.3		5.16				2.18		2.4				2.74		3.4

										4.19						4.34						2.09						3.05

		1		angle DOWN (-)		-4.55		-4.6				-4.06		-3.3				-2.2		-2.31				-2.51		-3.22

		1.5		angle UP (+)		6.2		5.85				6.63		7.15				2.89		3.48				4.5		4.99

										6.28						6.51						3.13						4.58

		1.5		angle DOWN (-)		-6.55		-6.27				-6.06		-4.84				-3.24		-3.2				-4.83		-4.92

		2		angle UP (+)		8.19		8.02				8.29		9.44				4.11		4.48				6.37		6.22

										8.38						8.68						4.18						6.12

		2		angle DOWN (-)		-8.86		-8.18				-8.27		-6.88				-4.13		-3.97				-6.31		-5.94

		2.5		angle UP (+)		10.62		9.8				10.49		11.13				5.08		5.5				7.38		7.84

										10.47						10.85						5.22						7.63

		2.5		angle DOWN (-)		-11.24		-10.82				-10.33		-9.26				-5.31		-4.94				-7.94		-7.6

		3		angle UP (+)		12.44		11.45				12.64		13.5				-		-				-		-

										12.56						13.01						6.26

		3		angle DOWN (-)		-13.46		-12.68				-12.72		-11.16				-		-				-		-

		3.5		angle UP (+)		14.59		13.6				14.64		15.69				-		-				-		-

										14.65						15.18						7.3

		3.5		angle DOWN (-)		-16.33		-13.3				-14.63		-13.46				-		-				-		-





BLADE CLAMPS

		



GEO 1 (clamp angled up)

GEO 1 (clamp angled down)

GEO 2 (clamp angled up)

GEO 2 (clamp angled down)

Pythagoras

Clamp Angle (degrees)

Deflection (mm)

Study of Clamping Angle on GEO Blades



WIRE STRENGTH TESTS
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Lobart 1 (clamp angled up)

Lobart 1(clamp angled down)

Superior JIG S8 (clamp angled up)

Superior JIG (clamp angled down)

Pythagoras

Clamp Angle (degrees)

Deflection (mm)

Angled Clamp Study: 4.5kg blades
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GEO 2003 BLADES
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LOBART 16L (clamp angled up)

Superior JIG 15 (clamp angled up)

LOBART 16L (clamp angled down)

Superior JIG 15 (clamp angled down)

Pythagoris

Clamp Angle (degrees)

Deflection (mm)

Angled Clamp Study: 1.5kg blades

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Thickness of GEO 2003 BLADES
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GEO 2003 conventional (up)

GEO 2003 trapeziodal (up)

GEO 2003 conventional (down

GEO 2003 trapeziodal (down)

Pythagoris

Clamp Angle (degrees)

Deflection (mm)

Angled Clamp Study: GEO 2003 blades
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				Wire Diameter :  0.22mm

				CSA : 4.85E-08 m^2

				Clamp Type		Test No.		Mass                    (kg)		Breaking Stress (Pa)		Failure Location

				FLAT		1		7.5173		1518959587.62887		Bottom @ Clamp

				"		2		6.9173		1397722474.2268		Bottom @ Clamp

				"		3		7.4173		1498753402.06186		Bottom @ Clamp

				"		4		7.5273		1520980206.18557		Bottom @ Clamp

				"		5		7.5573		1527042061.85567		Top @ Clamp

				"		6		7.5473		1525021443.29897		Top @ Clamp

				"		7		7.5873		1533103917.52577		Top @ Clamp

				"		8		7.5173		1518959587.62887		Top @ Clamp

				ROUNDED		1		8.4906		1715626391.75258		break @ clamping point

				"		2		8.3906		1695420206.18557		break below upper rounded break-off

				"		3		8.0906		1634801649.48454		break below upper rounded break-off - BUT, wire damaged during setup

				"		4		8.6406		1745935670.10309		break below upper rounded break-off

				"		5		8.5406		1725729484.53608		break below upper rounded break-off

				Knife Edge		1		6.083		1229142268.04124		break @ lower knife edge (but upper was necking too)

						2		6.083		1229142268.04124		break @ upper knife edge

								We stopped tests here as it was obvious that this geometry was not

								MEAN B.S. (Pa)		% improvement

				FLAT				1505067835.05155		-		(BASELINE DESIGN)

				ROUNDED				1703502680.41237		13.1844452947

				Knife Edge				1229142268.04124		-18.3330983883
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ROUNDED

Knife Edge
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Mass to break wire : significance of clamp geometry
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		GEO 2003 Blades

		BLADE TYPE & NUMBER		Specified Maximum Deflection		Measured Max. Deflection		Deflection under 440g Load		Mass to make blade Flat

				(mm)		(mm)		(mm)		(kg)

		Trapeziodal

		1		31.5		30.09		-10.43		0.325		0.44

		2		31.5		28.76		-11.91		0.31		0.44

		Conventional

		1		42.8		37.77		-13.21		0.325		0.44

		2		42.8		38.04		-14.18		0.32		0.44

		3		42.8		37.656		-14.45		0.315		0.44

		4		42.8		39.41		-12.35		0.335		0.44

		5		42.8		39.44		-12.79		0.33		0.44

		6		42.8		36.36		-14.93		0.31		0.44

		7		42.8		41.28		-10.21		0.35		0.44

		8		42.8		37.34		-13.55		0.32		0.44

		9		42.8		39.52		-12.27		0.335		0.44

		10		42.8		39.23		-12.82		0.33		0.44

		11		42.8		36.32		-14.67		0.31		0.44

		12		42.8		40.44		-10.77		0.345		0.44

		13		42.8		37.34		-14.93		0.31		0.44

		14		42.8		38.7		-12.88		0.33		0.44

		15		42.8		40.3		-10.83		0.345		0.44

		16		42.8		39.94		-11.86		0.335		0.44

		17		42.8		40.16		-10.84		0.345		0.44

		18		42.8		42.82		-8.48		0.355		0.44

						Sum		226.02

						Mean		12.5566666667

										6.58

										0.329
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Conventional: Actual max. deflection

Conventional: Specified max. deflection

Trapezoidal: Specified max. deflection

Trapeziodal: Actual max. deflection

Blade Number

Deflection(mm)

Maximum Deflection of GEO 2003 Blades: Requested vs. Received
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Deflection of Conv. blade under 440g loading

Deflection of Trap. Blade under 440g loading

Blade number

Deflection (mm)

LOAD = 440g : Distance below Horizontal...
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Theoretical: Mass to make flat

Conv.: Mass to make flat

Trap.: Mass to make Flat

Blade Number

Mass (kg)

Mass to Make Blade Flat

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



						THICKNESS (mm)

				BLADE		pt.1		pt.2		pt.3		pt.4		pt.5		pt.6		MEAN

				Trapezoidal																Specified Thickness

																				mm

				1		0.94		0.95		0.95		0.94		0.95		0.935		0.9441666667		1

				2		0.94		0.955		0.95		0.945		0.95		0.94		0.9466666667		1

				Conventional																Specified Thickness

																				mm

				1		0.945		0.94		0.94		0.95		0.94		0.935		0.9416666667		1

				2		0.93		0.945		0.94		0.935		0.94		0.93		0.9366666667		1

				3		0.945		0.945		0.94		0.94		0.945		0.93		0.9408333333		1

				4		0.95		0.95		0.94		0.925		0.94		0.94		0.9408333333		1

				5		0.94		0.95		0.945		0.945		0.945		0.94		0.9441666667		1

				6		0.94		0.95		0.945		0.95		0.94		0.945		0.945		1

				7		0.945		0.94		0.945		0.955		0.95		0.945		0.9466666667		1

				8		0.955		0.95		0.945		0.94		0.95		0.945		0.9475		1

				9		0.93		0.935		0.945		0.945		0.95		0.945		0.9416666667		1

				10		0.94		0.94		0.94		0.945		0.945		0.95		0.9433333333		1

				11		0.95		0.955		0.945		0.95		0.945		0.94		0.9475		1

				12		0.95		0.95		0.945		0.945		0.955		0.94		0.9475		1

				13		0.94		0.95		0.94		0.95		0.95		0.955		0.9475		1

				14		0.94		0.95		0.95		0.945		0.95		0.95		0.9475		1

				15		0.95		0.95		0.955		0.945		0.945		0.955		0.95		1

				16		0.935		0.955		0.95		0.945		0.955		0.945		0.9475		1

				17		0.94		0.955		0.955		0.955		0.95		0.955		0.9516666667		1

				18		0.94		0.95		0.945		0.94		0.95		0.945		0.945		1

				NOTE: 6 values taken progressively from bottom to top, at roughly inch separation.
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Conventional: Mean of Measured Thichness (Con.)

Specified Thickness: all Blade types!

Trapezoidal: Mean of Measured Thickness

Blade Number

Thickness (mm)

GEO 2003 Blades: Thickness Measurements
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Introduction

Cantilever blades designed for use in the Advanced LIGO suspensions are based on those used in
the triple pendulum suspensions that have been installed in GEO 600. The original design for the
cantilever blade was supplied by the VIRGO group. For several reasons, which is covered in a
companion report T030107 and T030104, the amount by which a particular blade deflects from the
horizontal can only be predicted to within approximately 5%. The repeatability within a batch of
cantilever blades can also vary by as much as 5%.

Currently for a single stage in a suspension where two cantilever blades are required six spares are
ordered. For a stage that requires four blades twelve spares are ordered. The deflection of each
blade is measured suspended under the ‘desired load’ '. Thus allowing us to arrange them into sets
that are matched with respect to the deflection.

Testing a Cantilever Blade

Consider a cantilever blade under the ‘desired load’, as shown in figure (1). The deflection from the
horizontal can be measured using a Height Gauge mounted on a flat surface, as shown in picture

(1).

For example let us say that under this desired load the tip of the cantilever blade furthest away
from the clamped end is 2mm below the horizontal then if this had not been taken into account the
entire suspension would be either too high or too low by 2mm.

Various concepts can be incorporated in order to correct for this effect. For example, in
VIRGO, corrections include extra mass is added or removed from the next stage in the suspension
chain, mass added to the tips of the blade and changing the length of blade that is clamped. In GEO
600, which uses much smaller blades than those used in VIRGO, blades are re-shaped to correct for
this mis-match in the deflection prior to installation.

Several ideas were considered to update this deflection in situ. It was decided that due to
restrictions on mass, moments of inertia and noise considerations that a simple approach could be
very effective. The idea was to create a “library of clamps” for each clamping stage and to load
each blade individually prior to assembly and installation in order to select a particular set of
clamps.

The idea is to vary the angle of the clamp with respect to the Y-direction, as shown in figure (iii).

" If there are n blades in a particular stage of a suspension then the ‘desired load” is 1/n of the total suspended mass
from that stage.
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Other ideas have been incorporated into the design in order to adjust the overall position of the test
mass optic with respect to the optical table. For example, in the Mode Cleaner Controls Prototype
Suspension for LASTI small “fishing rods”, similar to those used in LIGO I, can be used if the
optic is closer than the desired position to the optical table.

Each cantilever blade is clamped between 2 stainless steel clamps, as shown in figures (i) to (iii).
The upper half of the clamp has its central section removed. This helps to ensure that the blade is
clamped in only 2 locations and adjacent to the outside of the clamp.

In order to test the concept of using a set of “library of clamps™ 2 sets of clamps were created, one
set each for upper and lower cantilever blades designed for the mode cleaner controls prototype.
The upper blade set has a range from —3.5° to +3.5° in 0.5° increments and the lower blade set has
a range from —2.5° to +2.5% in 0.5° increments.

Each set of clamps was tested on several different types of blades, as can be see listed below: -

In each case the deflection was measured with respect to that measured with the 0.0° of flat clamps,
shown in figure (ii). The “desired load”, mass, m, was fixed throughout the experiment. A height
Gauge was used to measure the deflection. The clamped cantilever blade was bolted to a large plate
that in turn was bolted to an optical table. Each measurement was checked several times.

Please reference the attached excel file for data collected with the library of clamps. It is possible to
estimate what clamp to use once you have deflected a blade with the desired load with a 0.0 degree
of flat set of clamps. If an angled set is required it is recommended to again deflect the blade with
the desired load in order to confirm this estimate.

Experiment on Lower Blades

Appendix

Put info and tests on other blades into an appendix! This will ease confusion and make it easier to
write up.

Check thesis and MVP papers for wording
Photo of set up from Lab

Conclusions
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CLAMPED END
UNLOADED
BLADE
—

FIGURE(i): Unloaded Cantileve Blade Clamped at One End.

NB: - BLADE SHOWN IN FLAT, DESIRED, POSITION

_

q

FIGURE(I): Loaded Cantileve Blade Clamped at One End with ‘desired load’ suspended from Spring Steel Wire. The
blade is shown in the flat, desired, position. In reality it could be +/- several mm from this position with a 0 or flat
clamp with perpendicular sides.



LIGO- T030125-01

Advanced LIGO
‘DESIRED LOAD’
ANGLED CLAMP, SUSPENDED
2-DEGREE SET FROM SPRING
SHOWN STEEL WIRE
2.0°
2.0°

ﬁ

FIGURE(iii): Loaded Cantileve Blade again with the same ‘desired load’ as in figure (ii). The clamps used here are
the 2.0° set of clamps.
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PICTURE (1): - Library of Clamps

PICTURE (2): - Upper Cantilever Blade Clamp set, showing a 2.5 degree set of clamps.
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PICTURE (3): - Height Gauge and Cantilever Blade under Load.
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