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				REFERENCE DOCUMENTS				LIGO		T030107- 00           and		T030104 - 01

				LIGO MODE CLEANER				Sep-02		Mike Plissi and Calum Torrie

				UPPER BLADE DESIGN

				2 blades

				Thickness		1.50		mm

				deflection		140.0		mm		* EXPLANATION OF

				mass/ blade modelled		4.42		kg		alum int mass + clamps and bolts				3.008		kg

										alum test mass + clamps and bolts				2.978		kg

		mass / blade actual for [upper mass (1)]				4.6		kg *		upper mass (1) + fittings + blades				3.218		kg

										TOTAL				9.204		kg

		mass / blade for [upper mass (3)]				4.3		kg**

										Implies mass / blade				4.602		kg

		** a new lighter upper mass was designed using results from S1, ~ 600g lighter than upper mass (1)

		NOTE:		All deflections measured relative to base of blade

				DEFLECTION														THICKNESS

				unloaded def.		def. from horizontal		unloaded - def from horiz		def. from horiz.		unloaded - def from horiz		Def. from horiz				#		1		2		3		4		5		6		7		8

						(4.6 kg)		(4.6 kg)		(4.42 kg)		(4.42 kg)		(4.6kg) -  (4.42 kg)				SUPERIOR - UPPER BLADES				SUPERIOR - UPPER BLADES						SUPERIOR - UPPER BLADES

				SUPERIOR - UPPER BLADES				SUPERIOR - UPPER BLADES		SUPERIOR - UPPER BLADES		SUPERIOR - UPPER BLADES		SUPERIOR - UPPER BLADES						59.5		59.3		60.1		60		59.4		59.3		59.8		59.7

		1		139.8		-9.8		149.6		-3.2		143		-6.6						59.6		59.3		60		60		59.2		60		60		60

		2		139.5		-9.4		148.9		-3.4		142.9		-6				THICKNESS		59.6		59.4		60		60		59.1		60.7		60		60.4

		3		140.4		-4.5		144.9		1.9		138.5		-6.4				MEASURED		59.5		59.4		60		59.9		59		60.5		60.4		60.3

		4		139.8		-7.4		147.2		-1.1		140.9		-6.3				AT POSITIONS		59.6		59.2		60		59.8		58.8		60.5		60.6		60

		5		139		-9.7		148.7		-3.9		142.9		-5.8				DOWN THE		59.3		59.2		60		59.8		58.7		60.5		60.4		60

		6		138.7		-5.2		143.9		1		137.7		-6.2				BLADE		59.4		59.4		60		59.7		59.1		60.3		59.9		60.3

		7		139.6		-5.5		145.1		1		138.6		-6.5				STARTING		59.6		59.7		60.2		59.4		58.6		60.5		60.8		59.8

		8		138.9		-7.1		146		-0.8		139.7		-6.3				AT THE THICK		59.7		59.6		60.2		59.8		58.4		60.5		60.5		60.3

										AVERAGE=		140.525						END AND		59.7		59.5		60.2		59.9

				LOBART - UPPER BLADES				LOBART - UPPER BLADES		LOBART - UPPER BLADES		LOBART - UPPER BLADES		LOBART - UPPER BLADES				WORKING		59.6		59.5		60.2		59.9

		1		135.2		-5.7		140.9		0.4		134.8		-6.1				TOWARDS THE		59.7		59.5		60.1		60

		2		134.3		-5.2		139.5		0.9		133.4		-6.1				THIN END		59.7		59.6		60.2		60

		3		135.3		-5.9		141.2		-0.3		135.6		-5.6						59.7		59.8		60.2		60.2

		4		135.2		-6.4		141.6		-0.1		135.3		-6.3						59.6		59.7		60.1		60.2

		5		136.4		-4.4		140.8		1.6		134.8		-6												60.4

		6		134.9		-3.4		138.3		1		133.9		-4.4				AVERAGE(1/1000 in)		59.59		59.47		60.10		59.94		58.92		60.31		60.27		60.09

		7		135.5		-5.4		140.9		0.5		135		-5.9				(mm)		1.51		1.51		1.53		1.52		1.50		1.53		1.53		1.53

		8		135.1		-6.7		141.8		-0.7		135.8		-6

										AVERAGE=		134.825														OVERALL AVERAGE =						1.52

				NB: -				Caltech #1 Suspension: 2 and 5 from superior jig are used with 2.5 degree clamps

								Caltech #2 Suspension with 1.5 degre clamps (also could try new lighter upper mass!!)										LOBART - UPPER BLADES				LOBART - UPPER BLADES						LOBART - UPPER BLADES

																		#		1		2		3		4		5		6		7		8

																		THICKNESS		58.9		58.9		58.5		58.4		59.3		59		59.1		60.1

																		MEASURED		59.2		59.5		59.1		59.3		59.5		60.1		59.9		59.9

																		AT POSITIONS		59.1		59.4		59.6		59.5		59.8		59.5		59.7		59.9

																		DOWN THE		59.2		59.5		59.2		59.3		59.5		59.1		59.7		59.7

																		BLADE		59.6		59.3		59.5		59.7		59.3		58.9		59.7		59.7

																		STARTING		58.8		59.3		59.5		59.5		59.7		59.3		59.7		59.6

																		AT THE THICK		59.1		59.4		59.4		59.4		59.4		59.1		59.9		59.7

																		END AND		59.6		59.4		59.4		59.5		59.7		58.7		59.8		59.5

																		WORKING		59.2		59.3		59.4		59.5		59.6		58.4		59.6		59.5

																		TOWARDS THE

																		THIN END

																		AVERAGE(1/1000 in)		59.19		59.33		59.29		59.34		59.53		59.12		59.68		59.73

																		(mm)		1.50		1.51		1.51		1.51		1.51		1.50		1.52		1.52

																										OVERALL AVERAGE  =						1.51
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						LIGO MODE CLEANER				Sep-02				Mike Plissi and Calum Torrie

						LOWER BLADE DESIGN

						4 blades

				Thickness				1.00		mm

				deflection				45.0		mm

				mass/ blade modelled				1.435		kg

				mass / blade actual for								* EXPLANATION OF

				[alum masses and clamps]				1.5		kg		alum int mass + clamps and bolts				3.008		kg

												alum test mass + clamps and bolts				2.978		kg

														TOTAL		5.986		kg

														Implies mass / blade		1.4965		kg

				DEFLECTION				LOWER BLADES												THICKNESS				LOWER BLADES

						unloaded def.		def. from horizontal		unloaded - def from horiz		def. from horiz.		unloaded - def from horiz		def. From horiz

								(1.5 kg)		(1.5kg)		(1.435 kg)		(1.435kg)		(1.5kg) - (1.435kg)				#		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16

				SUPERIOR- LOWER BLADES				SUPERIOR- LOWER BLADES				SUPERIOR- LOWER BLADES				SUPERIOR- LOWER BLADES						SUPERIOR - LOWER BLADES						SUPERIOR - LOWER BLADES						SUPERIOR - LOWER BLADES						SUPERIOR - LOWER BLADES

				1*		42.5		-0.4		42.9		-		-		-				THICKNESS MEASURED		-		-		-		-		39.7		40		39.6		39.8		39.2		40		39.8		39.1		39.3		39.3		39.6		40.1

				2		44.5		-0.7		45.2		-		-		-				AT POSITIONS DOWN THE		-		-		-		-		40		40.1		40		40.1		40.2		40.4		40.1		40.2		40.2		40.5		40.3		40.6

				3		44.1		0.4		43.7		-		-		-				BLADE STARTING		-		-		-		-		40		40.4		40.2		40.3		40.5		40.6		40		40		39.9		40.8		40.3		39.9

				4		44.2		0.8		43.4		-		-		-				AT THE THICK		-		-		-		-		40		40.5		40.3		40.7		40.4		40.8		39.9		40.2		40		40.9		40.3		40.5

				5		44		-1.7		45.7		0.5		43.5		-2.2				END AND WORKING		-		-		-		-		39.6		40.5		40.1		40.1		40.3		40.6		39.7		40.2		40		40.6		40.2		40.5

				6		45.1		-0.3		45.4		1.4		43.7		-1.7				TOWARDS THE  THIN END

				7		44.8		-0.5		45.3		1.7		43.1		-2.2

				8		45		0.7		44.3		2.7		42.3		-2				AVERAGE(1/1000 in)		-		-		-		-		39.86		40.30		40.04		40.20		40.12		40.48		39.90		39.94		39.88		40.42		40.14		40.32

				9		45.6		1.1		44.5		3.2		42.4		-2.1				(mm)		-		-		-		-		1.01		1.02		1.02		1.02		1.02		1.03		1.01		1.01		1.01		1.03		1.02		1.02

				10		44.9		0.5		44.4		2.7		42.2		-2.2

				11		44.4		-1.2		45.6		0.8		43.6		-2																																AVERAGE=				1.02

				12		45.3		0.1		45.2		2.3		43		-2.2						LOBART-LOWER BLADES						LOBART-LOWER BLADES						LOBART-LOWER BLADES						LOBART-LOWER BLADES

				13		44.6		-0.8		45.4		1.3		43.3		-2.1				#		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16

				14		45.8		1.7		44.1		3.7		42.1		-2				THICKNESS MEASURED		38.5		39		39.2		39.6		39.2		39.2		39.2		39.4		39.2		39.5		39.6		39		39.5		40		39.2		39.2

				15		45.7		0.8		44.9		2.8		42.9		-2				AT POSITIONS DOWN THE		39.5		40		40.2		40		40		39.9		39.9		39.5		39.8		39.9		39.8		40		39.8		40		39.3		39.7

				16		45.1		0.2		44.9		2.2		42.9		-2				BLADE STARTING		39.5		40		39.6		39.6		39.9		39.5		39.6		39.5		39.7		39.8		39.8		39.8		39.7		39.8		39.5		39.7

				* Mike bent this blade from its original deflection of -2.7mm to -0.4mm (lower blade #S1)								AVERAGE=		42.917						AT THE THICK		39.8		39.8		39.8		39.8		40		39.9		40		40		39.7		39.5		39.9		40.3		39.5		39.9		39.8		40

				LOBART - LOWER BLADES				LOBART - LOWER BLADES				LOBART - LOWER BLADES				LOBART - LOWER BLADES				END AND WORKING		39.5		40		39.5		39.5		39.6		39.8		39.9		39.6		39.5		39.3		39.9		39.8		39.7		39.7		39.8		39.8

				1		42.1		-2.6		44.7		-0.75		42.85		-1.85				TOWARDS THE  THIN END

				2		42.7		-2.59		45.29		-0.62		43.32		-1.97				AVERAGE(1/1000 in)		39.36		39.76		39.66		39.70		39.74		39.66		39.72		39.60		39.58		39.60		39.80		39.78		39.64		39.88		39.52		39.68

				3		43.19		-2.42		45.61		-0.33		43.52		-2.09				(mm)		1.00		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.01		1.00		1.01

				4		42.15		-2.67		44.82		-0.44		42.59		-2.23

				5		42.15		-3.66		45.81		-1.54		43.69		-2.12																																AVERAGE=				1.01

				6		42.07		-3.03		45.1		-1.06		43.13		-1.97

				7		42.62		-2.82		45.44		-0.66		43.28		-2.16

				8		42.47		-3.45		45.92		-1.32		43.79		-2.13

				9		42.43		-2.36		44.79		-0.25		42.68		-2.11

				10		42.96		-2.1		45.06		-0.06		43.02		-2.04

				11		43.03		-2.73		45.76		-0.63		43.66		-2.1

				12		43.42		-0.82		44.24		1.09		42.33		-1.91

				13		42.54		-1.78		44.32		0.33		42.21		-2.11

				14		42.19		-2.91		45.1		-0.74		42.93		-2.17

				15		42.51		-2.43		44.94		-0.46		42.97		-1.97

				16		43.39		-1.73		45.12		0.38		43.01		-2.11

												AVERAGE=		43.061

								Caltech #1 suspension : #1,2,3,4 from Superior Jig are used with 0 degree clamps

										They are matched as follows				#1		#3

														#2		#4
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Advanced LIGO LIGO-T030104-02

1.1 Summary of experiment

2 sets of cantilever blades from 2 different manufacturers were compared. The length, B and
height, A was measured, as shown in figure 1 below. The length was measured by clamping one
end of the blade and loading the other end with the desired mass measured each blade. All of the
measurements were carried out on a Granite Table.

Figure: 1 Sketch showing the length, B and the height, A.

1.2 Results
MEASURED SPECIFICATION Distance wire breaks
Blade # A B Overall Length B  Overall Length off the end of the blade Clamping Distance
(inches) (inches) (inches) (mm) (mm) (mm) (inches)

MODE CLEANER UPPER BLADES, D020201-01

4S 1.807 10.599 10.58 269.21 268.73 3.0 0.79
5L 1.749 10.569 10.58 268.45 268.73 3.0 0.79
8S 1.823 10.595 10.58 269.11 268.73 3.0 0.79
1L 1.72 10.562 10.58 268.27 268.73 3.0 0.79

MODE CLEANER LOWER BLADES, D020205-01

6L 0.543 5.087 5.10 129.21 129.54 1.5 0.39
58 0.556 5.097 5.10 129.46 129.54 1.5 0.39
158 0.589 5.098 5.10 129.49 129.54 1.5 0.39
16L 0.558 5.088 5.10 129.24 129.54 1.5 0.39

KEY: - LOBART: -L and SUPERIORJIG: -S



Advanced LIGO LIGO-T030104-02

1.3 Conclusions

It can be seen in the results section that the two sets of Superior Jig cantilever blades are very well
matched.

1.4 Appendix

Also included in this report is a copy of the Excel sheets that were used to store the information
measured by Mike Plissi and Calum Torrie on both sets of blades. This included the unloaded
deflection, loaded deflection and thickness measurements.

The file is embedded as an .xls file called “bladedeftestMVP.xIs” and can be opened by going to
File / Document Properties / Embedded Data Objects /.

Mike Plissi summarizes the work done in this Excel sheet in T030107.



