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1.0 Introduction

 1.1
Torque Coils 

The spacecraft uses three torque coils for its attitude control system.  The coils consist of 24-gauge insulated copper wire loops, two of them rectangular and one hexagonal in shape.  Each coil is wrapped in two layers of Kapton tape as additional insulation, and each has an epoxy coding to increase stiffness and eliminate bending.  By applying a current to a coil, a magnetic moment is produced which will turn the spacecraft in a desired direction.

1.2
Purpose

This test is carried out to verify the performance of each of the spacecraft’s three torque coils.  The main concern in the proper functioning of a coil is that the wire remains intact.  Any break in the wire will interrupt the current path and render the coil useless.  The extra insulation around the coils is provided to prevent any potential from forming between the coils and the spacecraft structure.  Any voltage occuring due to bad insulation would damage all electrical components since the structure acts as the common ground. Since the magnetic field in the coils is affected by the surrounding equipment within the spacecraft the magnetic field strength is measured to determine the value of the permeability (. Finally, the resitivity of the coils is dependant of the wire temperature, which is also measured and recorded.   

2.0
Test Equipment

2.1
Digital Multimeter ( DMM)

A digital multimeter will be required to perform the various resistance and voltage measurements throughout the testing.

2.2
Power Supply

The coils will be tested at 3.3V.  The applied currents will be ranging from
 –160 mA to +160 mA.

2.3
Calcuator

There will be several calculations required and a calculator would therefore be beneficial.

2.4
Magnetometer

The magnetic field strength will be measured for each current level. A magnetometer will be required.

3.0
Safety

The main safety concern during this test procedure is the possibility of electric shock.  The coils themselves operate with low current and low voltage, however care is still appropriate and the power supply should always be turned off each time the leads attached to the coil are touched.  The coils will still be mounted in the spacecraft structure, and therefore for any lifting that might be required, should be carried out by at least two persons.

4.0 Quality Assurance

4.1
Integrity of Insulation

When handling a coil, care should be taken not to remove any of the epoxy coding or the Kapton tape.  Both of these materials provide insulation for the coil and prevent a current path to the structure.  

4.2
Strength of Epoxy coding

The epoxy coding stiffens the coils and prevents bending.  Care should be taken not damage the coils by breaking the coding.  Out of plane bending will change the direction of the torque caused by the coil, which will make exact attitude control difficult if not impossible.

5.0
Test Procedure

Each of the three (3) coils will be tested over a range of –160mA to +160 mA in 20 mA increments.  The initial Resistance measurements are important.  If the resistance is measured to be infinte for a given coil, and it has been verified that the result is not to due human error or faulty equipment, this will indicate that the wire in the coil has been torn and the coil is no longer functional.  Since the coils are flight hardware, they should only be handled with rubber gloves.

Important Data for coils:

Coil #1: Rect.

Area:
0.0406476m2

Number of turns N : 80

Coil #2: Rect.

Area:
0.0406476m2

Number of turns N : 80

Coil #3: Hex.

Area:
0.0541968 m2

Number of turns N : 133

5.1
Procedure for Coil # 1:

1) Carefully strip ¼” to ½” of insulation of the coil wire leads
                     ______

2) Visually inspect the coil to ensure that it is properly wrapped in Kapton tape and sufficiently coded in epoxy to verify that the insulation is intact                     ______ 

3) Place the coil on top of a structural prototype panel,

                     ______ 

4) Measure the coil Resistance wit DMM                                                             ______

5) Measure and record the wire temperature at the lead ends.                              ______

6) Connect the coil to the power supply and apply a current of 20 mA at 3.3V .  See diagram below. 
                                                                                             ______

7) Measure the Voltage between Coil #1 and the structure panel and record the value V = ______.  This measured value should be zero.  A reading differs from zero, indicates that the coil is not properly insulated and therefore are no longer functional.

……………………………………………………………………………..______  

8) Calculate the Magnetic Moment based on the following equation:

M = I * N * A 

where I is the current.
                      ______ 

9) Measure and record the wire temperature at the lead ends.
                      ______

10) Repeat steps 4) through 9) for each current level in Table 1 below.  Between each measurement connect the coil to ground and wait approx. 10 seconds for the charge to drain.  Initial each measurement under REA.

	Current
	Voltage
	Resistance
	M
	Temp.
	REA

	-160
	
	
	
	
	

	-140
	
	
	
	
	

	-120
	
	
	
	
	

	-100
	
	
	
	
	

	-80
	
	
	
	
	

	-60
	
	
	
	
	

	-40
	
	
	
	
	

	-20
	
	
	
	
	

	0
	
	
	
	
	

	20
	
	
	
	
	

	40
	
	
	
	
	

	60
	
	
	
	
	

	80
	
	
	
	
	

	100
	
	
	
	
	

	120
	
	
	
	
	

	140
	
	
	
	
	

	160
	
	
	
	
	


Table 1:  Coil #1 Measurements
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Figure 1:  Coil #1 Wiring connections

5.2
Procedure for Coil # 2:

11) Carefully strip ¼” to ½” of insulation of the coil wire leads
                     ______

12) Visually inspect the coil to ensure that it is properly wrapped in Kapton tape and sufficiently coded in epoxy to verify that the insulation is intact                     ______ 

13) Place the coil on top of a structural prototype panel,

                     ______ 

14) Measure the coil Resistance wit DMM                                                             ______

15) Measure and record the wire temperature at the lead ends.                              ______

16) Connect the coil to the power supply and apply a current of 20 mA at 3.3V .  See diagram below. 
                                                                                             ______

17) Measure the Voltage between Coil #1 and the structure panel and record the value V = ______.  This measured value should be zero.  A reading differs from zero, indicates that the coil is not properly insulated and therefore are no longer functional.

……………………………………………………………………………..______  

18) Calculate the Magnetic Moment based on the following equation:

M = I * N * A 

where I is the current.
                      ______ 

19) Measure and record the wire temperature at the lead ends.
                      ______

20) Repeat steps 14) through 19) for each current level in Table 2 below.  Between each measurement connect the coil to ground and wait approx. 10 seconds for the charge to drain.  Initial each measurement under REA.

	Current
	Voltage
	Resistance
	M
	Temp.
	REA

	-160
	
	
	
	
	

	-140
	
	
	
	
	

	-120
	
	
	
	
	

	-100
	
	
	
	
	

	-80
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	160
	
	
	
	
	


Table 2:  Coil #2 Measurements
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Figure 2:  Coil #2 Wiring connections

5.3
Procedure for Coil # 3:

21) Carefully strip ¼” to ½” of insulation of the coil wire leads
                     ______

22) Visually inspect the coil to ensure that it is properly wrapped in Kapton tape and sufficiently coded in epoxy to verify that the insulation is intact                     ______ 

23) Place the coil on top of a structural prototype panel,

                     ______ 

24) Measure the coil Resistance wit DMM                                                             ______

25) Measure and record the wire temperature at the lead ends.                              ______

26) Connect the coil to the power supply and apply a current of 20 mA at 3.3V .  See diagram below. 
                                                                                             ______

27) Measure the Voltage between Coil #1 and the structure panel and record the value V = ______.  This measured value should be zero.  A reading differs from zero, indicates that the coil is not properly insulated and therefore are no longer functional.

……………………………………………………………………………..______  

28) Calculate the Magnetic Moment based on the following equation:

M = I * N * A 

where I is the current.
                      ______ 

29) Measure and record the wire temperature at the lead ends.
                      ______

30) Repeat steps 24) through 29) for each current level in Table 1 below.  Between each measurement connect the coil to ground and wait approx. 10 seconds for the charge to drain.  Initial each measurement under REA.

	Current
	Voltage
	Resistance
	M
	Temp.
	REA

	-160
	
	
	
	
	

	-140
	
	
	
	
	

	-120
	
	
	
	
	

	-100
	
	
	
	
	

	-80
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Table 3:  Coil #3 Measurements
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Figure 3:  Coil #3 Wiring connections
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