RAFT BATTERY ABNORMAL CROSS CHARGING TEST (rev 1)
17 Feb 2006
BACKGROUND:
The RAFT power system consists of a B1 primary battery system of six 1100 mAH NiCd batteries on an 8.4 volt bus plus a secondary battery pack  B2 of five of the same cells for a nominal voltage of 7.2 volts.  During transmit, these battery packs are switched in series to provide a nominal 14 volts for the transmitter.  During receiving, B1 and B2 are both charged from the 8.4 volt solar array bus.  This system is described in the system schematic Figure 1.
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Figure 1.  The RAFT and MARScom power system schematic

CHARGING CONFIGURATION:   During charging, the simplified diagram is shown in figure 2.  There are four limits to the charging currents that can pass through B2.  They are the approximate 1.4 volts drop across D1 and Q1 which are equivalent to the missing 6th cell in B2, the 250 mA PTC fuse in the negative lead of B2 and the 1.1 amp PTC fuse in the negative lead of B1, plus the inherent 100 mA bias limit on the constant current Q1 arrangement, plus the separation switch while the spacecraft are in the pre-launch configuration.
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Figure 2.  The RAFT / MARScom Power system during Charging.
TRANSMIT CONFIGURATION:  The transmitters on RAFT and MARScom operate at a low dutycycle of less than 10%.  So B2 is only used during these brief transmit periods.  During these times, the simplified schematic is shown below in Figure 3 which shows how the batteries are switched in series during transmit.
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Figure 3.  The RAFT / MARScom Power system during Transmit.

TEST CONFIGURATION:

The engineering model was used to test the power system under the conditions of a cell failure in battery B2 that could cause anomalous currents.  An ammeter was used in series with B2 to measure circulating currents while the engineering model was subjected to simulated failed B2 battery conditions of 1, 2, 3, 4 and all 5 cells shorted as shown in Figure 4 below:
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TEST CONCLUSIONS:

RAFT abnormal cross charging current from B1 resulting from a cell failure (short) in B2 conducted on the engineering model results in a cross charging current of about 180 mA tapering to 155 mA after 10 minutes.  This current represents a charging rate of 0.15C which is only slightly above the safe trickle charge rate of the cells (0.1C).  No sensible change in temperature was observed and no leakage, or damage occurred.
The energy dissipated in B2 is about 1 Watt which the batteries and battery box can easily dissipate with no more than a few degrees C rise.  The current will continue to decay until equilibrium is reached with the limited solar charge current available in the sun of about 100 mA which is below the safe trickle charge rate of the cells.  

Thus the system is inherently safe with a cell failure in B2.  In fact, it is inherently safe with any number of  multiple cell failures in B2 because the worst case currents are still less than 0.2C until B1 is discharged and then the natural limit of solar current keeps it forever below that point.

TEST RESULTS:
We assumed a worst case with  B1 fully charged = 8.4v,  no load.  The following -initial- peak currents were measured through  B2 under  these  number of cells in B2:
5 cells normal ops   = 120 mA normal charge

4 cells (1 shorted)   = 180 mA

3 cells (2 shorted)   = 200 mA

2 cells (3 shorted)   = 225 mA

1 cell   (4 shorted)  = 245 mA

0 cells (5 shorted)   = 255 mA

But, under these loads (about 200 mA), B1 drops  from the full 8.4v no load condition in 2 minutes  to about 8.0v and results in these currents:

5 cells normal ops   =   90 mA normal charge

4 cells (1 shorted)   = 170 mA

3 cells (2 shorted)   = 195 mA

2 cells (3 shorted)   = 215 mA

1 cell   (4 shorted)   = 235 mA

0 cells (5 shorted)   = 250 mA

And in 10 minutes B1 drops to 7.7 volts and B2 cross charging drops to these values:
5 cells normal ops   =   35 mA normal charge

4 cells (1 shorted)   = 155 mA

3 cells (2 shorted)   = 190 mA

2 cells (3 shorted)   = 210 mA

1 cell   (4 shorted)   = 225 mA

0 cells (5 shorted)   = 230 mA

These abnormal currents (for one cell failure) of about 160 mA are a charge rate of about

a 0.15 C capacity.  This is only slightly more than a safe 0.1 trickle charge rate and this constant charge can go on indefinitely with no more than a few deg C rise until B1 is discharged and then the typical solar charge current  available remains below that indefinitely.  Temperatures were not recorded because none were noted above ambient any more than body temperature just from handling the cells.
Normal Operations:  Under normal operations it appears we are wasting some cross battery charging current when we first enter eclipse.  Probably the system will stabilize at about 7.7 volts, however, and according to this test, only about 35 mA is being wasted from B1 in charging B2 under this condition.  But charging of B2 is required even in eclipse to make up for the transmit cycles while in eclipse, so this energy is not really wasted.
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