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ANDE MAGNETIC SEPARATION SWITCH TEST

Midshipman 1/c Adam Madson

PURPOSE


This test will determine the behavior of the magnetic launch separation switches used on the CAPE/ANDE spacecraft system to prevent premature activation of the ANDE communications system prior to separation. The test will answer the following questions:

1. Does the orientation of the magnet affect the  switch closure distance?

2. Does the angle of the magnet with respect to the switch affect the distance at which the switch closes?

3. Does the placement of aluminum in between the switch and the magnet affect the distance at which the switch closes?

4. What is the best orientation of the switch?

TEST PROCEDURE


The test materials consisted of a .19-inch square by 1-inch long rectangular magnet with strength of 1400 Gauss, a magnetic reed switch, and an electronic ohmmeter. The ohmmeter is attached to the switch so that it acts in the normally closed position. The switch was taped to a sheet of graph paper with distance and angles marked on it. The magnet was slowly moved towards the switch until the switch opened. The distance from the magnet to the switch was then recorded. The magnet was then moved away from the switch until the switch closed again. The distance was again recorded. The test was repeated with the magnet at four different orientations and six different angles. 

To test for operation of the switch through aluminum the test was repeated with varying thickness of aluminum sheets between the switch and the magnet. 
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Fig. 1 – Magnet Orientations

TEST RESULTS 

1. The tests revealed that the orientation of the magnet affected the distance at which the magnetic switch would close. The maximum distance from the switch at which it would close was found with a magnet orientation parallel to the orientation of the switch as shown in 1 or 2 and independent of the actual polarity. A magnet orientation of 3 or 4 yielded similar closing distances off the end of the switch after subtracting one half-length of the switch. Further testing revealed that a null exists when the magnet is perfectly orthogonal to the switch axis. 

2. The rotational orientation of the switch around its axis had no significant impact on the activation distance. The maximum deviation of range through all orientations about the axis was less than 10%. 
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Fig. 2 – Distances of activation with magnet orientation 1 and vertical switch
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Fig 3 – Distances of activation with magnet orientation 3 and vertical switch

3. The distance for switch activation was higher when moving the magnet away from the switch. This hysterisis creates a buffer zone where the magnet can tolerate a certain degree of movement and still hold the switch open.

4. The placement of the aluminum had no effect on the distance at which the magnet would close the switch.

	Thickness of aluminum (in)
	Distance of switch activation (in)

	0
	1.0625

	0.032
	1.0625

	0.122
	1.0625


Table 1 - Distance of switch activation with thickness of aluminum in between magnet

5. The results of the test with the switch in the A position is the determination of a minimal 27 mm activation distance with parallel orientation of the magnet and the switch. At this orientation any rotational change of the magnetic field to the axis of the switch approaching 90 degrees could result in a null at exactly 90 degrees possibly allowing one or more switches to close. 

6. The tests were conducted a second time with the switch aligned radially to the ANDE sphere with the magnet at orientations three and four. The results showed similar distances as before. Orientation three showed greater distance than four, showing that the polarity of the magnet would be significant on final installation. The results of this test are shown below in figure 4. The maximum distance is 38 mm but includes the half-length of the switch.
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Fig. 4 – Distance of activation with magnet orientation 3 and horizontal switch

RECOMMENDATIONS

1. The tested magnetic switches will be suitable for use on the ANDE separation switch. 

2. The switches should be arranged on a PC board vertically. This would allow for the switches to remain closed even if the satellite underwent rotation about the z-axis because the magnets would never become orthogonal to the switch. 
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																				out						in

												distance in		distance out		angle				x		y				x		y

										prong left -1		12		26		1.570795				0.0000344967		26				0.0000159215		12

												21		27		1.0471966667				13.5000206827		23.382673961				10.5000160865		18.1865241919

												21		26		0.5235983333				22.5166662478		12.9999900417				18.1865381233		10.4999919567

												27		34		0				34		0				27		0

												31		39		-0.5235983333				33.7749993718		-19.4999850625				26.8467943724		-15.4999881266																				orientation 3 out

												32		40		-1.0471966667				20.000030641		-34.6409984608				16.0000245128		-27.7127987686																				0		48

												13		25		-1.570795				0.0000331699		-25				0.0000172483		-13

										prong left -2		13		25		1.570795				0.0000331699		25				0.0000172483		13

												16		27		1.0471966667				13.5000206827		23.382673961				8.0000122564		13.8563993843

												21		29		0.5235983333				25.1147431226		14.4999888926				18.1865381233		10.4999919567

												24		34		0				34		0				24		0				Thickness of aluminum (in)				Distance of switch activation (in)

												32		39		-0.5235983333				33.7749993718		-19.4999850625				27.7128199973		-15.9999877436				0				1.0625

												30		40		-1.0471966667				20.000030641		-34.6409984608				15.0000229808		-25.9807488456				0.032				1.0625

												14		27		-1.570795				0.0000358235		-27				0.0000185751		-14				0.122				1.0625

										prong left -3		26		36		1.570795				0.0000477646		36				0.0000344967		26

												23		31		1.0471966667				15.5000237468		26.8467738071				11.5000176186		19.9185741149

												17		22		0.5235983333				19.0525637482		10.9999915737				14.7224356236		8.4999934888

												11		14		0				14		0				11		0

												5		5		-0.5235983333				4.3301281246		-2.4999980849				4.3301281246		-2.4999980849

												32		42		-1.0471966667				21.0000321731		-36.3730483838				16.0000245128		-27.7127987686

												37		48		-1.570795				0.0000636862		-48				0.0000490914		-37

										prong left -4		27		36		1.570795				0.0000477646		36				0.0000358235		27

												22		32		1.0471966667				16.0000245128		27.7127987686				11.0000168526		19.0525491534

												17		24		0.5235983333				20.784614998		11.9999908077				14.7224356236		8.4999934888

												10		12		0				12		0				10		0				orientation 3 in x				y

												5		5		-0.5235983333				4.3301281246		-2.4999980849				4.3301281246		-2.4999980849				3.45E-05		26		4.78E-05		36

												33		41		-1.0471966667				20.500031407		-35.5070234223				16.5000252788		-28.5788237301				11.5		19.92		15.5		26.85

												41		48		-1.570795				0.0000636862		-48				0.0000543986		-41				14.72		8.5		19.05		11

										prong right 1		21		26		1.570795				0.0000344967		26				0.0000278627		21				11		0		14		0

												15		27		1.0471966667				13.5000206827		23.382673961				7.5000114904		12.9903744228				4.33		-2.5		4.33		-2.5

												20		25		0.5235983333				21.6506406229		12.4999904247				17.3205124983		9.9999923397				16		-27.78		21		-36.73

												25		30		0				30		0				25		0				4.91E-05		-37		6.37E-05		-48

																																3.72E-05		28		-13		0

																																13.5		23.383		-3.46		-2

																																13.856		8		-19		-32.9

																																10		0		-6.10E-05		-46

												29		35		-0.5235983333				30.3108968721		-17.4999865946				25.1147431226		-14.4999888926				2.598		-1.5		-4.78E-05		36

												30		38		-1.0471966667				19.000029109		-32.9089485377				15.0000229808		-25.9807488456				16		-27.713		-17		29.44

												19		31		-1.570795				0.0000411306		-31				0.0000252091		-19				5.17E-05		-39		-20.78		12

										prong right 2		21		27		1.570795				0.0000358235		27				0.0000278627		21

												18		28		1.0471966667				14.0000214487		24.2486989225				9.0000137885		15.5884493073

												18		25		0.5235983333				21.6506406229		12.4999904247				15.5884612485		8.9999931058

												25		30		0				30		0				25		0

												28		35		-0.5235983333				30.3108968721		-17.4999865946				24.2487174977		-13.9999892756				3.45E-05		-26

												30		39		-1.0471966667				19.500029875		-33.7749734992				15.0000229808		-25.9807488456				11.5		-19.92

												21		27		-1.570795				0.0000358235		-27				0.0000278627		-21				14.72		-8.5

										prong right 3		28		36		1.570795				0.0000477646		36				0.0000371503		28				11		0

												27		34		1.0471966667				17.0000260449		29.4448486917				13.5000206827		23.382673961				4.33		2.5

												16		24		0.5235983333				20.784614998		11.9999908077				13.8564099987		7.9999938718				16		27.78

												10		13		0				13		0				10		0				4.91E-05		37		4.78E-05		-36

												3		4		-0.5235983333				3.4641024997		-1.9999984679				2.5980768748		-1.499998851				-5.17E-05		39		15.5		-26.85

												32		38		-1.0471966667				19.000029109		-32.9089485377				16.0000245128		-27.7127987686				-16		27.713		19.05		-11

												39		46		-1.570795				0.0000610326		-46				0.000051745		-39				-2.598		1.5		14		0

										prong right 4		28		37		1.570795				0.0000490914		37				0.0000371503		28				-10		0		4.33		2.5

												25		31		1.0471966667				15.5000237468		26.8467738071				12.5000191506		21.650624038				-13.856		-8		21		36.73

												17		22		0.5235983333				19.0525637482		10.9999915737				14.7224356236		8.4999934888				-13.5		-23.383		6.37E-05		48

												10		13		0				13		0				10		0				-3.72E-05		-28		-6.10E-05		46

												4		5		-0.5235983333				4.3301281246		-2.4999980849				3.4641024997		-1.9999984679								-19		32.9

												27		36		-1.0471966667				18.0000275769		-31.1768986147				13.5000206827		-23.382673961								-3.46		2

												36		44		-1.570795				0.000058379		-44				0.0000477646		-36								-1.30E+01		0

										prongdown 1		20		25		1.570795				0.0000331699		25				0.0000265359		20								-2.08E+01		-12

												17		23		1.0471966667				11.5000176186		19.9185741149				8.5000130224		14.7224243458								-17		-29.44

												18		25		0.5235983333				21.6506406229		12.4999904247				15.5884612485		8.9999931058								-4.68E-05		-36

												23		29		0				29		0				23		0

												27		35		-0.5235983333				30.3108968721		-17.4999865946				23.3826918728		-13.4999896587

												34		38		-1.0471966667				19.000029109		-32.9089485377				17.0000260449		-29.4448486917

												21		32		-1.570795				0.0000424574		-32				0.0000278627		-21

										prongdown2		19		26		1.570795				0.0000344967		26				0.0000252091		19

												20		25		1.0471966667				12.5000191506		21.650624038				10.0000153205		17.3204992304

												17		28		0.5235983333				24.2487174977		13.9999892756				14.7224356236		8.4999934888

												22		29		0				29		0				22		0

												25		32		-0.5235983333				27.7128199973		-15.9999877436				21.6506406229		-12.4999904247

												29		36		-1.0471966667				18.0000275769		-31.1768986147				14.5000222147		-25.1147238841

												24		30		-1.570795				0.0000398038		-30				0.0000318431		-24

										prongdown3		30		41		1.570795				0.0000543986		41				0.0000398038		30

												26		35		1.0471966667				17.5000268109		30.3108736532				13.0000199167		22.5166489995

												14		17		0.5235983333				14.7224356236		8.4999934888				12.1243587488		6.9999946378

												8		11		0				11		0				8		0

												3		4		-0.5235983333				3.4641024997		-1.9999984679				2.5980768748		-1.499998851

												24		34		-1.0471966667				17.0000260449		-29.4448486917				12.0000183846		-20.7845990765

												27		45		-1.570795				0.0000597058		-45				0.0000358235		-27

										prong down4		36		37		1.570795				0.0000490914		37				0.0000477646		36

												22		30		1.0471966667				15.0000229808		25.9807488456				11.0000168526		19.0525491534

												16		20		0.5235983333				17.3205124983		9.9999923397				13.8564099987		7.9999938718

												7		10		0				10		0				7		0

												3		4		-0.5235983333				3.4641024997		-1.9999984679				2.5980768748		-1.499998851

												26		36		-1.0471966667				18.0000275769		-31.1768986147				13.0000199167		-22.5166489995

												27		43		-1.570795				0.0000570522		-43				0.0000358235		-27

										prongup1		15		22		1.570795				0.0000291895		22				0.0000199019		15

												22		34		1.0471966667				17.0000260449		29.4448486917				11.0000168526		19.0525491534

												21		31		0.5235983333				26.8467943724		15.4999881266				18.1865381233		10.4999919567

												29		35		0				35		0				29		0

												31		37		-0.5235983333				32.0429481219		-18.4999858285				26.8467943724		-15.4999881266

												34		39		-1.0471966667				19.500029875		-33.7749734992				17.0000260449		-29.4448486917

												23		38		-1.570795				0.0000504182		-38				0.0000305163		-23

										prongup2		10		25		1.570795				0.0000331699		25				0.0000132679		10

												20		29		1.0471966667				14.5000222147		25.1147238841				10.0000153205		17.3204992304

												26		32		0.5235983333				27.7128199973		15.9999877436				22.5166662478		12.9999900417

												28		34		0				34		0				28		0

												29		35		-0.5235983333				30.3108968721		-17.4999865946				25.1147431226		-14.4999888926

												33		38		-1.0471966667				19.000029109		-32.9089485377				16.5000252788		-28.5788237301

												26		30		-1.570795				0.0000398038		-30				0.0000344967		-26

										prongup3		30		43		1.570795				0.0000570522		43				0.0000398038		30

												31		38		1.0471966667				19.000029109		32.9089485377				15.5000237468		26.8467738071

												20		25		0.5235983333				21.6506406229		12.4999904247				17.3205124983		9.9999923397

												4		7		0				7		0				4		0

												0		1		-0.5235983333				0.8660256249		-0.499999617				0		0

												34		41		-1.0471966667				20.500031407		-35.5070234223				17.0000260449		-29.4448486917

												38		44		-1.570795				0.000058379		-44				0.0000504182		-38

										prongup4		29		38		1.570795				0.0000504182		38				0.0000384771		29

												28		36		1.0471966667				18.0000275769		31.1768986147				14.0000214487		24.2486989225

												17		23		0.5235983333				19.9185893731		11.4999911907				14.7224356236		8.4999934888

												7		9		0				9		0				7		0

												0		1		-0.5235983333				0.8660256249		-0.499999617				0		0

												32		37		-1.0471966667				18.5000283429		-32.0429235762				16.0000245128		-27.7127987686

												37		45		-1.570795				0.0000597058		-45				0.0000490914		-37
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Magnet moving out

Magnet moving in

Distance (mm)

Distacne (mm)

Distance of Magnetic Switch Activation for Magnet Orientation 3 with a .19 inch Square Magnet
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		16.0000245128		20.000030641

		0.0000172483		0.0000331699



Moving toward the switch

Moving away from the switch

distance (mm)

distance (mm)

Magnetic Switch Separation Activation Distances Plot for a .19" square magnet (switch oriented with the bent prong to the left)

12

26

18.1865241919

23.382673961

10.4999919567

12.9999900417

0

0

-15.4999881266

-19.4999850625

-27.7127987686

-34.6409984608

-13

-25



		0.0000344967		0.0000477646

		11.5000176186		15.5000237468

		14.7224356236		19.0525637482

		11		14

		4.3301281246		4.3301281246

		16.0000245128		21.0000321731

		0.0000490914		0.0000636862



Moving toward the switch

Moving away from the switch

distance (mm)

distance (mm)

Magnetic Separation Switch Activation Distances Plot for a .19" square magnet (switch oriented with the bent prong to the left)

26

36

19.9185741149

26.8467738071

8.4999934888

10.9999915737

0

0

-2.4999980849

-2.4999980849

-27.7127987686

-36.3730483838

-37

-48
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