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Raft and MARScom Center of Gravity and

 Moments of Inertia Evaluation
Purpose:  The purpose of this experiment was to measure the center of gravity of and to calculate the mass moments of inertia for the Raft and MARScom satellites.

Center of Gravity Setup:  One end of the satellite base was located on an inverted v-shaped bar which was located on a scale.  The second end was located 4.5 inches from the first and was mounted on a second inverted v-shaped bar placed on top of a stack of wood which was the same height as the scale.  Tape was used to secure the bases to the scale and wood and to help ensure a distance of 4.5 inches was maintained.  The scale was turned on and zeroed with the base on it.
One satellite was placed on top of the two v-shaped bars.  The point of contact for the satellite and bar was at the junction of side panel edge and the solar panel.  The purpose of these inverted bases was to create contact points of exact location for the measurement of the satellite’s weight.  After the mass was recorded, the satellite was then rotated by 180 degrees in order to measure the mass from the negative axis.  Six measurements were made in total, one each for the positive and negative axes.

An empty cube sat was measured first to ensure that the setup would create an accurate center of gravity measurement.
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Figure 1:  Experimental Setup of Center of Gravity Measurement
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Figure 2:  Center of Gravity Measurement Setup

Mass Moments of Inertia:  The following assumptions were made in calculating the mass moments of inertia:
1) All six side panels and the TNC diagonal panel were perfect rectangles.

2) The two battery packs were cylindrical tubes.

3) All nine pieces were calculated as if the center of gravity were at the center of the piece.

The dimensions and masses were recorded for all nine pieces.  All nine pieces had their individual mass moments of inertia calculated about their center of gravity.  These measurements were then transferred to the center of gravity of either RAFT or MARScom respectively via the parallel axis theorem.  The diagonal board was rotated into the axis system of the satellite via a coordinate transformation of the +Z axis through an angle of -45°.  All of the values were then added to total the mass moments of inertia for each satellite.
Results:  The mass measurements were as follows:

	-x
	1519
	-y
	1465
	-z
	1549

	+x
	1553
	+y
	1600
	+z
	1515

	Total x
	3072
	Total y
	3065
	Total z
	3064


Table 1:  MARScom Measured Mass (g)
	-x
	1903
	-y
	1933
	-z
	1895

	+x
	1950
	+y
	1973
	+z
	1937

	Total x
	3853
	Total y
	3906
	Total z
	3832


Table 2:  RAFT Measured Mass (g)

The measured mass is tabulated above.  By calculating the total mass and finding the fraction that one half of the satellite possesses, it is possible to calculate the position of the center of gravity for that axis.  By calculating all three axes, it is possible to determine the overall center of gravity of the satellite.

	Axis
	CG (in)
	Net CG from Satellite center

	CG +x
	2.53
	+.03"
	
	 

	CG +y
	2.61
	+.11"
	
	 

	CG +z
	2.496
	-.004"
	 
	 


Table 3:  MARScom Center of Gravity Location

	Axis
	CG (in)
	Net CG from Satellite center

	CG +x
	2.53
	+.03"
	
	 

	CG +y
	2.53
	+.03"
	
	 

	CG +z
	2.53
	+.03"
	 
	 


Table 4:  RAFT Center of Gravity Location

Using the center of gravity data and the masses and dimensions of each piece, it was possible to calculate the overall mass moment of inertia of the satellite.

	15156.28
	-857.92
	0.00

	-857.92
	13834.09
	0.00

	0.00
	0.00
	14904.30


Table 5:  MARScom Mass Moment of Inertia (g-in2)

	14659.40
	-847.35
	0.00

	-847.35
	13388.83
	0.00

	0.00
	0.00
	14411.62


Table 6:  RAFT Mass Moment of Inertia (g-in2)

Due to the diagonal TNC board in the satellite, the mass moment of inertia is not in the principle frame.  With a few additional calculations, the rotation matrix, and hence the principle frame can be determined.
Conclusions:  The cube sats are virtually symmetric on the inside and the calculated centers of gravities reflect this.  There is little variation from the center of the satellite’s cubic shape.  Furthermore, the experimental setup was verified with an empty cube sat whose center of gravity was located at the center of the satellite.  The only chance for error with this test comes from the total weight along the x-axis being 8 g more than the rest of the satellite.  However, that is only a 0.2% error and is deemed acceptable.


The calculations for the mass moments of inertia are more suitable to error than the center of gravity calculations.  Each of the nine pieces was assumed to be a perfect shape and it was assumed that the center of gravity for each piece passed through the center of that piece.  We know from the center of gravity calculations that this is not true.  We also know that the 9 pieces were not perfect shapes.  The measurements of mass moments of inertia are an excellent assumption however, they are not perfect.
