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Capabilities of existing system
Tethys Battery pack, consisting of set of IBPS (intelligent battery and power system), set of batteries, wiring, mechanical components

IBPS XP-04SR features, specifications and observed behavior:

1. 4 battery ports (2-directional), 2x LTC1760 (Smart battery manager, grouped BAT1, BAT2; BAT3, BAT4); DCIN Input (from power source); DCOUT output (to load)
2. Load, PowerPath MUX: fast connect of source with higher voltage to load using set of “Smart Diodes” ((BAT1 or BAT2) and (BAT3 or BAT4)) or DCIN => DCOUT. Full Range: raw battery voltage to charging voltage. Load current is measured across 20mOhm resistor on each LTC1760 (for charge regulation purposes only)
3. Charge MUX: DCIN powering LTC1760 step-down switching regulator, connecting to BAT1, or BAT2, or both, or disconnected. Step-down regulator needs ~1 V to operate, therefore min charging voltage is 16.8+1V = 17.8V, which is close to specs (18V). Higher charging voltage is beneficial to generate higher current to batteries. 
4. Currents reported by XP-04SR is measured on the battery level, not on the board level. Current flowing into unreporting batteries on the Fingerboard is not counted towards capacity on the XP-04SR level.
5. Capacity (AH) reported by battery sticks internal fuel gauging circuitry. 
6. A*H on charge and discharge into given battery proven to be very similar on a short time scale (~ several percent) indicating high efficiency of the chemistry. A*H can be counted on the system level, if current is properly measured and A*H counted. 
7. Voltages (and power) are significantly different during charge and discharge cycles, and temperature-dependent. 
8. On a discharge, all the batteries in the pack (BT1-BAT4) are voltage-equalized, being connected to the same load in parallel. The current split happens according to capacity and equivalent circuitry is discharge of capacitors connected in parallel. Near the end of discharge, PowerPath MUX start to cycle ON and OFF batteries from the load, eventually disconnecting discharged batteries from the load.

9. On a charge, 2 batteries on each charger (BAT1 and BAT2, BAT3 and BAT4), along with finger board batteries, are voltage-equalized, being connected to the same charging point by Charge MUX in parallel. The current splits according to capacity. Near the end of charge (>16.6V), Charge MUX, controlled by LTC1760, starts to cycle batteries OFF and ON from charger, eventually disconnecting them, thus finishing the charging process.  

10. Discharging batteries in parallel allows increasing useful A*H by about 10% compare to discharging one by one. 

11. All grounds (charge ports, battery ports, output) are common within ~ 10 mOhm
12. Step-down regulation: advantage of higher charging voltage
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TYPICAL APPLICATION

Application for a Dual Battery System (12.6V/4A)
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Battery Pack requirements:

1. Adequate reported (partial) capacity. Error <5% of rated capacity after several partial cycles and 4 weeks of self-discharge. 

2. Safety during charge and discharge process: current levels, thermal protection. 
3. Minimize quiescent power consumption during operation, self discharge: ~ less then 10% capacity per month

4. Eliminate self-discharge during storage to avoid uncontrolled and unmonitored over-discharge

5. Constant temperature monitoring (<1 min for every battery stick), thermal alarm, especially during charging in the lab

a. Audio “Smoke” alarm

b. Reporting to MB (to alert user) 
6. Ability to partition the battery pack: main pack, and emergency pack

7. Desirable: ability of isolation of faulty battery. 
8. Reasonable charge rate 
9. Interface: 

a. 1 or 2 charging inputs (per side)

b. 2 outputs (Main Pack, E-pack)

c. Communication/ reporting

d. “Smoke” alarm? 
10. Scenarios: 

a. Thermal run-away of 1 battery stick

b. Charging in the lab, overnight? 
c. Charging in the field, including variety of users

d. Operation

e. Storage of assembled battery pack

f. Battery pack replacement

g. Service: troubleshooting, replacement of 1 or several battery “sticks”

Concept: battery port multiplexing: charge and status scan
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Pros: 
1. Use of certified smart battery charger

2. Use less chargers

3. Can separate Charge and Discharge paths to optimize quiescent power consumption

4. Chargers are shut down during deployment (except status scan) and for storage

5. Simple charging infrastructure (8-24V)

6. Step-down regulation inside pressure vessel with 1.5 : 1 current boost

7. Removable chargers for debugging

Cons: 
1. Singe-source supplier for particular charger
a. Availability 

b. Firmware revisions and backward compatibility? 
2. Step-down regulation inside pressure vessel (heat generation)

3. Somewhat complicated control by MB

 Block diagram: 
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Capacity and currents: 

62 battery sticks, 6.2 AH or 6.8 AH,  384 or 422 AH

Charge currents: 

20A MAX charging at 24V: ~ 24V / 16V * 20A ~ 30A into batteries (1.5x)
30A MAX into 4 boards with 4 ports each: 30A / 16 ~ nominal 2A per port: ok

Charge time (minimum): 422 AH / 30A = 14H 
Correcting for top-off and 4% cycling loss: 14H * 1.12 * 1.04 = 16.3 H
18V charging, 24 Hours: 

422 AH / 24H ~ 18A
Correcting for cycling loss and top-off 18A * 1.04 * 1.12 = 21A 

24V Charging, 10A thru umbilical: 

422 AH / 10A / 1.5 * 1.04 * 1.12 =  32.8 Hours  

Discharge current: 

58 battery sticks, 25W at 12.5V,   I = 25W/12.5 /58 = 35mA per battery stick on average

LX2400:  24V max, 100uA leakage, < 30 mV FRW voltage drop, No quiescent losses

BUT: can not isolate a battery stick on a discharge, and TD flags are ignored
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Challenges: 
1. Continuous temperature monitoring

a. How to avoid interference with chargers? 

b. Temperature monitoring appears to be in pulse mode, 5 ms current pulse, 70 ms, into 300 Ohm Thermistor, referenced to the ground

c. How to communicate alarm back to MB?

2. Multiplexing control – on a pack level, or from MB?

a. Trigger signal to the counter, “roll trigger”?
b. 2 address lines + Enable? 

c. RS-232?

d. Cycling thought banks without MB control at all? 

e. ???

3. Pack status scan - on a pack level, or from MB? 

a. Scanning on pack level adds controller, increases power quiescent power but reduces number of ports. 
4. Ground separation between Main Pack and E-pack for coulomb counting on MB
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Project: LRAUV battery pack 2013     Review Notes 

Surface Common, 11/05/2013   15:00-16:30

Attending: Hobson, Chaffey, Mellinger, Hoover, Kieft, Ericson, Stanway

Presenting: Klimov

Add description of effect of voltage jumping in existing system due to selection of the battery sticks to be connected to the load based on reported capacity. Have nice graph illustrating this effect.  
Source of fuel gauging errors in existing system is controversial

Step-down regulation is important. 

Charging graph: note charging several batteries, but current measured and presented on a graph is for one battery stick only (Stanway) 

On requirements: “constant” temperature monitoring defined as <1 min for every battery stick (Kieft) 

Multiplexing concept: add “off” position where chargers are not connected to the battery stick banks B1-B4 (Hoover)
Banks arrangement: physically separate battery sticks belonging to different banks, to spread out heat dissipation (Ericson?) 

Multiplexing timing: does not have to be 1 minute, can increase significantly (Hobson)

Temperature monitoring: explore the possibly of avoiding connecting thermistors in the battery sticks to the OS chargers, to eliminate interference with on-board “constant” temperature monitoring (Mellinger)

Control system: stick to standard connectivity to the MB: serial ports(s), USB, etc. No discrete I/Os, EXCEPT “smoke alarm” line from battery pack to MB (Chaffey)

Ground separation between main pack and E-pack: this problem could potentially be ignored, as secondary pack has internal fuel gauging. Use of coulomb counters is critical for primary battery only (Chaffey). 

E-pack arrangement: spread battery sticks into different banks for redundancy (Hoover). 

E-pack size: 8 battery stick is a good size 9/62 = 12.5% of energy in E-pack (Hoover)

Discharge path: configuration of discharge path needs to be presented more clearly. Suggested architecture uses “ideal” diodes in the discharge path, that would allow very uniform parallel discharge of the entire main pack and stable output voltage down to 12V eliminating loss of servos prematurely. 

Options of a control system, how to switch banks, scanning status of the pack etc need to be define in more details, like may be pros / cons table

1/2014 Notes continue















Criteria: 
1. Heat distribution, redundancy

2. One charger port has 3 battery sticks, other have 4; 

3. Backup battery sticks will be near full most of the time at charging = spread them evenly to reduce load to other channels; and also heat effect. 


MB control

Criteria: 

1. Application could be in shutdown when charging 

2. Need to make sure complete uniform charge of all banks 

3. Capacity scan during deployment 

4. Save energy by placing controllers into standby mode 

SP-08 SR: 26mA at 16V;

26mA x 2 = 52 mA

6.2 Ah x 62 = 384 AH
384 AH / 0.052 = 7392 H = 308 days

Or 10% of capacity per month
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Questions: 

1. Charging power: split to 4 charging ports: on the controller board, or other board? Controller needs to have at least low power charging voltage present. 

2. Temperature monitoring: 
a. tap into SM Bus, or 
b. completely stand alone with its own sensors?
3. Power to the OS cards: from batteries it is connected to; or from Bus? 

a. Difference only towards end of discharge when some batteries could be too low to support OS cards even for reading

b. If some banks are dead for any reasons, OS would reboot when cycling

c. OS holds internal 5V for ~ 25-50 mS: transition phase-shift? 

4. MB Interface

a. RS-232, Enable Input, Temperature Alarm Output?

Project: LRAUV battery pack 2013     Review Notes 

Surface Common, 1/16/2014   10:00-12:00

Attending: Chaffey, Mellinger, Kieft, Ericson

Presenting: Klimov

On effect of “voltage jumping” (page 13) towards the end of discharge: is effect of battery stick selection for discharge based on reported capacity verified? Perhaps check with OS on this? (Chaffey)

In general, idea on parallel independent discharge bus seems to be good (Chaffey)

Battery sticks distribution (page 14) between ports, banks, and selection of the Backup battery sticks seems to be ok, everybody agree on criteria; but could alter if helps routing – Thomas  submitted his input
Operating modes and MB control (page 15, 16) is good (Brian); everybody agree on idea of separating cycle rates in Charge and Deployment modes

Serial port interface (page 17): ok to route thru controller board to make to simplify plugging connector; and also to convert 10 pin bus into MB serial interface pin-out with the same connectors as on MB page 5; Molex 4 pin SL series connector PN 70543-0003 (Chaffey) 

MB interface (Enable, temperature alarm): use same as on MB, 6 pin Moles SL series PN 70543-0005 (J10 on page 7 of MB) (Chaffey)
Connectors selection vs. board thickness for mechanical strengths vs. ME board support: tentatively 0.092” board; Molex connectors for signals (10 pins, 4 pins for RS-232; 6 pins for MB interface); TE Blade connector (5 pins) for battery sticks; Hirose for power (4 pin – output, 6 pin charge ports). 

Charge input splitting (page 21 question): better to route thru controller board, if space and mechanical configuration of charge harness allows. Ericson can check if right angle Hirose connector would work vs. existing edge high current connectors. 
Additionally, this would allow implementing some power conditioning, TVS etc, on a controller board to clean 24V power to OS boards (discussed with Mellinger). 
Temperature monitoring ideas: 

1. check with Inspired Energy about custom pack with Thermistors – need to check what is actual location of thermistor footprint and cost of custom packs

2. Use additional thin board (or flexboard) sandwiched between battery sticks and to monitor temperature of those 2 sticks. 

a. Advantage: decouples from temp monitoring from packs; if one stick in run-away and fouled inside, outside temperature monitoring still works (for a while?)

b. Disadvantage: more complicated way of getting pack together. 

Note: battery stick separation creates “cooling chimney” structure. 

Note: Fuses to protect wires. 1 fuse / wire, 2 fuses per half pack for main discharge bus. 

Connectors on battery pack controller board
	Function
	Manufacturer
	PN
	Pins x Quantity
	Location
	Mates with

	Battery blade connectors
	TE Connectivity
	5787446-1
	5pins x 31
	Battery grid
	Battery NH2034 series

	Input charge
	Hirose
	MDF6- 4DP-3.5DSA(05)
	4pins x 2 ea
	Left, to dynamic harness
	MDF6- 4DS-3.5C

	Power to OS
	Hirose
	MDF6- 4DP-3.5DSA(05)
	4pins x 2 ea
	Left of OS, right of OS
	MDF6- 4DS-3.5C

	Charge Ports from OS to BPC 
	Hirose
	MDF6- 6DP-3.5DSA(05)
	6 pins x 8 ea
	Proximity to battery group
	MDF6- 6DS-3.5C

	Output
	Hirose
	MDF6- 8DP-3.5DSA(05)
	8 pins x 1ea
	Right, to dynamic harness
	MDF6- 8DS-3.5C

	Control from MB
	Molex C-Grid
	70543-0002
	3 pins x 1 ea
	Right, to dynamic harness
	50-57-9403

	RS-232 to MB
	Molex C-Grid
	70543-0003
	4 pins x 1 ea
	Right, to dynamic harness
	50-57-9404

	RS-232 to OS
	Molex C-Grid
	70543-0003
	4 pins x 1 ea
	Ribbon cable to OS
	50-57-9404

	Overcharge Bring Up 
	Molex 

KK-6373
	22-11-2032
	3 pins x 1 ea
	anywhere
	


Other related connectors

	Function
	Manufacturer
	PN
	Pins x Quantity
	Location
	Mates with

	Charge port harness
	Molex Mini-Fit
	0039012060
	6pins x 8 ea
	Ocean Server charge port
	Existing mini-fit on OS cards

	MB control
	Molex C-Grid
	70543-0005
	6 pins x 1 ea
	MB J10 Spare IOs
	50-57-9406

	MB RS-232
	Molex C-Grid
	70543-0003
	4 pins x 1 ea
	MB RS-232
	50-57-9404


Mosfets:

P-Channel:

IRF7324:  HEX/MOS P-CHAN DUAL 20V 9A 8SOIC;  18 mOhm @ 9A, 4.5V; $0.97 @100
IRF7316:  2P-CH 30V 4.9A 8-SOIC   58 mOhm @ 4.9A, 10V  $0.62 @100

SI4925DDY: MOSFET P-CH DUAL 30V 8A 8-SOIC; 29 mOhm @ 7.3A, 10V; $0.63 @ 100

Dual N & P-Channel

FDS4897: Dual N & P-Channel PowerTrench® MOSFET, N-Channel: 40 V, 6.1 A, 26 mΩ P-Channel: -40 V, -5.2 A, 39 mΩ
N-Channel:

IRf7103: MOSFET N-CH 50V 3A 8-SOIC, 130 mOhm @ 3A, 10V

TVS: 

SMA: 2.29-2.92 x 4.0-4.6  x 2.01-2.30 H; 400W peak, 1W constant

SMB:  3.3-3.94  x  4.06-4.57 x 2.00-2.62 H;  600W peak, 5W constant

SMC:  5.59-6.22  x  6.6-7.1 x 2.06-2.62 H, 1500W peak, 6.2W constant

SMD:  5.59-6.22 x  6.6-7.1 x 2.06-2.62 H,  3000W peak, 6.5W constant

Charging currents required per Half-Pack:

18V: 8A initial, 12A final 

20V: 7.9A initial, 11.2A final

22V: 7.2A initial, 10.2A final

24V: 6.6A initial, 9.4A final

Charging time at 24V and full current with cycling loss and top-off: 

(6.2 AH x 4 x 2 ) / 3A x 1.12 x 1.04 = 19.3 hours  




















Criteria: 

1. Heat distribution, redundancy
2. Cycling thru banks B1-B4 with about same charge level works better for both OS and multiplexing circuitry 

3. One charger port has 3 battery sticks => Backup batteries
4. Backup battery sticks will be near full most of the time => group Backup batteries to one port
5. For reporting: Master need to be powered
6. Quiescent currents at 16V: 18mA Master, 8mA Slave




MB control

Criteria: 

5. Application could be in shutdown when charging 

6. Need to make sure complete uniform charge of all banks 

7. Capacity scan during deployment 

8. Save energy by placing controllers into standby mode 

SP-08 SR: 26mA at 16V;

26mA x 2 = 52 mA

6.2 Ah x 62 = 384 AH

384 AH / 0.052 = 7392 H = 308 days

Or 10% of capacity per month

Notes: 

1. Backup batteries will have higher voltage and will power up one of XP-08SR boards during capacity scans: 8mA for Slave, 16mA for Master. What is more important: 
a. Preserve capacity of Backup battery? 

b. Ability to scan Backup battery to very end? 
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Circuitry. Note: all grounds are common   





Shared 4A Charging





Shared 4A Charging
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Typical charge cycle, per battery. Two batteries are being charged, current measured of only one battery, 2A full scale, ½ of 4A current output of one half OS controller
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Test: 1 port, 2 battery sticks at about 50% capacity, 1 minute cycling


Observed: ~ 2 seconds to reconnect, check status of the battery, and resume charging


How is it going to work in Initial Charge mode, and Top-Off mode??? 
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Result: 
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Battery stick 4 
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Multiplexing control


Selects 1 out of 4 banks, or


2 out of 8 banks
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Temperature monitoring





Audio alarm
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Connector TE 5787446-1: Battery Stick Connector; 0.118” tails
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Connector Hirose MDF6 series: Output connector (0.137” tails)
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Voltage “jumping” towards end of discharge to 13V of system with XP-04SR controller


Test 2011-11-06 - 1 - Tethys Pack discharge at 21C-13Vcut-off+comments.GIF
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Continuation of discharge beyond 13V discharge


Test 2011-11-06 - 1 - Tethys Pack discharge at 21C-13Vcut-off+comments.GIF
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Legend: 


Blue Oval = Charge Port


B1, B2, B3, B4  = Bank Number


Red Oval = Backup battery sticks


Green = XP-08SR Charge Ports: 1-4 on lower level, 5-8 on higher level
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Operating modes





Storage


No MB enable signal


Everything in shutdown except discharge busses





Charging


Ignore MB enable signal


Presence of charging voltage starts bank cycling at longer intervals 


(1 min, 5 min?)





Deployment


Discharge busses (main, backup) supply power


Bank cycling and OS cards in shutdown mode. 


Enable signal from MB starts cycling at shorter interval (15 sec?)
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Hex mode reporting battery sticks SN
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Long report

















12 short reports
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Flag report

















12 short reports
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�


SR-232 port needs to be routed thru controller board





�


�


�


Molex C-Grid connector














�


��


BUT:


“…in the spec it is defined as the "Thermistor" pin, so we keep the same convention. In some chemistries like NiMH it is used as a thermistor input. But on LiION it is used instead as an ID pin.”
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Continuation of discharge beyond 13V discharge


Test 2011-11-06 - 1 - Tethys Pack discharge at 21C-13Vcut-off+comments.GIF
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Test 2011-11-06 - 1 - Tethys Pack discharge at 21C-13Vcut-off+comments.GIF
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Legend: 


Blue Oval = Charge Port


B1, B2, B3, B4  = Bank Number


Red Oval = Backup battery sticks


Green = XP-08SR Charge Ports: Master 1-4 on lower level , Slave 5-8 on higher level
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Port4
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Operating modes





Storage


No MB enable signal


Everything in shutdown except discharge busses





Charging


Ignore MB enable signal


Presence of charging voltage starts bank cycling at longer intervals (150 sec)


Indicator module is powered up, Power LED, bank LEDs





Deployment


Discharge busses (main, backup) supply power


Bank cycling and OS cards in shutdown mode. 


Enable signal from MB starts cycling at shorter interval (15 sec?)








27 of  29

