GEO 2003 Blades: Assessing the specification of the manufactured parts.

Overview

On the 19th December 2002, we received the latest set of GEO blades, as designed by Mike Plissi here at the IGR. The blades were made by Accrofab (Derby) the same company has manufactured all previous GEO blades.

We received the following:

· 2 x Trapezoidal blade design



440g load to deflect flat

· 18 x Conventional/Traditional blade design

440g load to deflect flat
Aims and Objectives

1) To check the maximum deflection of each blade against the value specified in the Manufacturing drawings

2) To check the thickness of each blade against the value specified in the Manufacturing drawings

3) To check the deflection of each blade under a load of 440g (the value at which each blade should be ‘flat’)

4) To find out what load is required to make each blade flat, should any blade not meet up to the specification
1.0 Comparing the measured Maximum Deflection with the specified
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The measured values were significantly lower than those specified in Engineering Drawings as the graph above demonstrates. The pink line represents the 42.8mm deflection specified in the drawings of the conventional blade. The blue points mark the measured values, which are on average 3.8mm below what is demanded. 

The trapezoidal blades suffered a similar fate.

2.0 Checking the thickness
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The mean value of measured blade thickness was 0.9452mm over all (18 + 2) blades.

The thickness specified in the manufacturing drawing was 1mm. This significant difference is illustrated above.
3.0 [image: image3.wmf]LOAD = 440g : Distance below Horizontal...
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Under a 440g Load

As may be expected from blades that, when inspected, have thickness and max. deflection values that are less than were specified, all blades deflect too much. On average, 12.56mm below the horizontal.

4.0 Load to make each Blade flat
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The mean of the masses required to deflect each of the blades into a flat position is 329g. (I.e. 111g less than was desired)

Conclusions

Mike Plissi will be contacting the company to give them feedback on this set of blades. 

The fact is that they do not meet the desired specification, which is an unsatisfactory result.

Possible questions to ask are:

* What were the exact processes involved in the manufacture? (How long did each take? What are the possible shortcomings of each process?)

* Was this chain of events consistent with those previously employed to make these blades? 

If there were differences, what are the reasons for these differences?

* To what degree were the blades inspected after manufacture?

Why is the blade thickness over 0.05mm out? (How can this be remedied? How tight a tolerance can be specified on such dimensions?)

Why was the radius of curvature not accurate? How can this be remedied?

END.
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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.)

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

		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

		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

		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

		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

		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

		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		-		-		-		-

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

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

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





BLADE CLAMPS
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WIRE STRENGTH TESTS
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Lobart 1 (clamp angled up)
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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)

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



Thickness of GEO 2003 BLADES
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GEO 2003 conventional (up)
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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





		0		0

		0		0

		0		0

		0		0

		0		0

		0

		0

		0



FLAT

ROUNDED

Test No.

Mass (kg)

Mass to break wire : significance of clamp geometry

0

0

0

0

0

0

0

0

0

0

0

0

0



		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

		2		31.5		28.76		-11.91		0.31

		Conventional

		1		42.8		37.77		-13.21		0.325

		2		42.8		38.04		-14.18		0.32

		3		42.8		37.656		-14.45		0.315

		4		42.8		39.41		-12.35		0.335

		5		42.8		39.44		-12.79		0.33

		6		42.8		36.36		-14.93		0.31

		7		42.8		41.28		-10.21		0.35

		8		42.8		37.34		-13.55		0.32

		9		42.8		39.52		-12.27		0.335

		10		42.8		39.23		-12.82		0.33

		11		42.8		36.32		-14.67		0.31

		12		42.8		40.44		-10.77		0.345

		13		42.8		37.34		-14.93		0.31

		14		42.8		38.7		-12.88		0.33

		15		42.8		40.3		-10.83		0.345

		16		42.8		39.94		-11.86		0.335

		17		42.8		40.16		-10.84		0.345

		18		42.8		42.82		-8.48		0.355

						Sum		226.02

						Mean		12.5566666667
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Conventional: Actual max. deflection

Conventional: Specified max. deflection
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						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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Deflection of Conv. blade under 440g loading

Deflection of Trap. Blade under 440g loading
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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.)

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

		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

		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

		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

		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

		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

		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		-		-		-		-

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

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

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





BLADE CLAMPS
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GEO 1 (clamp angled up)

GEO 1 (clamp angled down)

GEO 2 (clamp angled up)

GEO 2 (clamp angled down)

Clamp Angle (degrees)

Deflection (mm)

Study of Clamping Angle on GEO Blades
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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)

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)

Clamp Angle (degrees)

Deflection (mm)

Angled Clamp Study: 1.5kg blades
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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)

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
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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

		2		31.5		28.76		-11.91		0.31

		Conventional

		1		42.8		37.77		-13.21		0.325

		2		42.8		38.04		-14.18		0.32

		3		42.8		37.656		-14.45		0.315

		4		42.8		39.41		-12.35		0.335

		5		42.8		39.44		-12.79		0.33

		6		42.8		36.36		-14.93		0.31

		7		42.8		41.28		-10.21		0.35

		8		42.8		37.34		-13.55		0.32

		9		42.8		39.52		-12.27		0.335

		10		42.8		39.23		-12.82		0.33

		11		42.8		36.32		-14.67		0.31

		12		42.8		40.44		-10.77		0.345

		13		42.8		37.34		-14.93		0.31

		14		42.8		38.7		-12.88		0.33

		15		42.8		40.3		-10.83		0.345

		16		42.8		39.94		-11.86		0.335

		17		42.8		40.16		-10.84		0.345

		18		42.8		42.82		-8.48		0.355

						Sum		226.02

						Mean		12.5566666667
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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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						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				18.9033333333

				6		0.94		0.95		0.945		0.95		0.94		0.945		0.945		1				0.9451666667

				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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Theoretical: Mass to make flat

Conv.: Mass to make flat

Trap.: Mass to make Flat
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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.)

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

		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

		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

		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

		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

		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

		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		-		-		-		-

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

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

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





BLADE CLAMPS
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GEO 1 (clamp angled up)

GEO 1 (clamp angled down)

GEO 2 (clamp angled up)

GEO 2 (clamp angled down)

Clamp Angle (degrees)

Deflection (mm)

Study of Clamping Angle on GEO Blades
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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)

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)

Clamp Angle (degrees)

Deflection (mm)

Angled Clamp Study: 1.5kg blades
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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)

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
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FLAT

ROUNDED

Test No.

Mass (kg)

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
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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
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						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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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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BLADE CLAMPS

						BLADES

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

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

		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

		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

		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

		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

		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

		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		-		-		-		-

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

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

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





BLADE CLAMPS
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GEO 1 (clamp angled up)

GEO 1 (clamp angled down)

GEO 2 (clamp angled up)

GEO 2 (clamp angled down)

Clamp Angle (degrees)

Deflection (mm)

Study of Clamping Angle on GEO Blades
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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)

Clamp Angle (degrees)

Deflection (mm)

Angled Clamp Study: 4.5kg 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

0



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)

Clamp Angle (degrees)

Deflection (mm)

Angled Clamp Study: 1.5kg blades
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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)

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





		0		0

		0		0

		0		0

		0		0

		0		0

		0

		0

		0



FLAT

ROUNDED

Test No.

Mass (kg)

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

		2		31.5		28.76		-11.91		0.31

		Conventional

		1		42.8		37.77		-13.21		0.325

		2		42.8		38.04		-14.18		0.32

		3		42.8		37.656		-14.45		0.315

		4		42.8		39.41		-12.35		0.335

		5		42.8		39.44		-12.79		0.33

		6		42.8		36.36		-14.93		0.31

		7		42.8		41.28		-10.21		0.35

		8		42.8		37.34		-13.55		0.32

		9		42.8		39.52		-12.27		0.335

		10		42.8		39.23		-12.82		0.33

		11		42.8		36.32		-14.67		0.31

		12		42.8		40.44		-10.77		0.345

		13		42.8		37.34		-14.93		0.31

		14		42.8		38.7		-12.88		0.33

		15		42.8		40.3		-10.83		0.345

		16		42.8		39.94		-11.86		0.335

		17		42.8		40.16		-10.84		0.345

		18		42.8		42.82		-8.48		0.355

						Sum		226.02

						Mean		12.5566666667
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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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						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

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




