Charging Algorithm

This multi-battery charge algorithm is based loosely on the technique used in two pack SMBUS battery chargers like the LTC1760 for charge voltage and charge current control. It currently DOES NOT incorporate the logic to deal with restarting the charge on a battery which temporarily sets its TERMINATE_CHARGE_ALARM or OVER_TEMP_ALARM bits at some point in the charge. In practice, these bits should never be set. OVER_TEMP_ALARM is set when the temp exceeds 45 celsius, and the TERMINATE_CHARGE_ALARM bit signifies an exceptional unspecified condition (so we probably want to check this out manually anyway)

1. Connect power supply to charge input connector

2. Initialization:

a. Set power supply voltage (Vps) to 35.5V, over voltage protection (Vovp) to 40V, and power supply current (Ips) to 20A.

b. Turn on power. All batteries in vehicle are initially in off state (pack level charge & discharge FETs off, battery level charge & discharge high side switch (HSW) are off)

c. Set internal variables:

i. maximum total charge current (Ichg_max_total) to 45A (limited by penetrator & connectors). 

ii. max charge current per pack (Ichg_max_pack) to 1A (PH2059 is capable of charging at 1.5A)

3. disable ALARM_MODE and CHARGER_MODE bit in BatteryMode() register for each pack (to prevent unsolicited alarm messages which our hardware isn’t set up to handle)

4. scan packs over SMBUS and read back the following for each pack:

a. temperature (Ti)

b. cell voltages (V0,i thru V7,i)

c. pack voltage (Vstack,i)

d. pack current (Ipack,i)

e. pack average current (Ipack_avg,i)

f. desired charging voltage (Vdesired,i)

g. desired charging current (Idesired,i)

h. pack status byte (Si)

5. If a pack fails to respond to queries, then perform WAKE UP CHARGE on these packs (see WAKE UP CHARGING section) then proceed to HIGH CURRENT CHARGING

6. High current pre-charge setup/checks

a. Set all packs to the off state

b. Set pack i to on state only if the following bits are 0 in Si:

i. Bit 15 (over charged alarm)

ii. Bit 14 (terminate charge)

iii. Bit 12 (over temp alarm)

iv. Bit 5 (fully charged) 
c. Set Vps = Vlimit
d. Read current value Ihotel
e. Set Ips = MIN(I desired,i) + Ihotel
7. Enable battery level charge HSW

8. Repeat Step 4 (scan packs)

9. Perform the following control:

a. OVERCURRENT=FALSE, OVERVOLTAGE=FALSE

b. For each pack i which is on:

i. If (OVER_CHARGED_ALARM, TERMINATE_CHARGE_ALARM, OVER_TEMP_ALARM or FULLY_CHARGED bits are set in Si ) {Ips = Ips – Ipack,I } else if Ipack,i >= Idesired,i  then {OVERCURRENT=TRUE; Ips=Ips-(Ipack,i - Idesired,i )}
ii. If Vpack,i >= Vdesired,i  then OVERVOLTAGE=TRUE
c. If OVERVOLTAGE then Vps=Vps-0.016V else Vps=Vps+0.016V

d. If !OVERCURRENT then Ips = Ips +MIN(Idesired,i – Ipack,i)
e. If Ips>=Ilimit then Ips=Ilimit
f. If Vps>=Vlimit then Vps=Vlimit
g. Set charger to new Vps and Ips
h. Turn off any pack with OVER_CHARGED_ALARM, TERMINATE_CHARGE_ALARM, OVER_TEMP_ALARM or FULLY_CHARGED bits are set in Si
10. repeat steps 8 & 9 once a second until all packs are off

