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What's the appeal?
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Objectives
(for my own system)
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» Relocate b inverter, charger from storage bay near generator to dead space at rear
' | otal space occupied by system while increasing capauty :
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Considering Higher (48V) DC
Voltage

Pros: Cons:
 Smaller copper wire($$), less .« Need to convert back to
lossy 12V for some loads
» Greater selection, cheaper —~ Easy for.small loads, not so
Inverter options easy for high-amperage
- Inverter prices generally scale loads like leveling jacks
with DC current ratings, not :
total power  More complicated
» Packaging and battery me}tnagement with 2 DC
management simplified VOItages

* RVIA low voltage standard » Slightly higher risk of
no longer applies shock
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Why 48V?
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Main Components
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Batteries
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How do | figure out what | have
now?




What about for lithium-ion
batteries?
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Common Lithium Battery Form
Factors

batteries
, many inca rporate




Common Chemistries
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Another Reason for 48V










Charging a Lithium-lon Battery
Bank

« Will an existing charger “work” on a 13.2V.lithium-ion
battery pack?

- Maybe. On a 3-stage charger, bulk charging will be current
limited by the charger, float stage may not be high enough,
or too high, to reach full charge.

- It's also possible to overcharge a lithium-ion bank. The
voltage rise nearing 100% SOC can be very quick, and many
3-stage chargers do not switch to float mode fast enough.

- More importantly, an existing 3-stage charger can be
expected to charge much more slowly than what the
battery bank can handle.

e This means longer time running the generator!
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Do | need a battery management
system (BMS)?

» A battery management system connects to individual cells to monitor cell
voltages. Many.also control a shunt, so that individual cells can be taken
out of the charging circuit when fully charged.

e If individual cells are properly connected and at the same state of charge
when connected, detailed monitoring is not really needed any more than
with lead acid systemes.

« State of charge cannot be effectively estimated with voltage, so some
sort of monitor keeping track of net power in/out of battery is necessary.

» Lithium-ion batteries can be severely damaged, if not rendered unusable,
with as little as one discharge too far. A low-voltage disconnect is a must
to protect the batteries.

» A battery management system does provide health information about
individual cells that allows you to know more about what's going on, and
can make re-balancing cells easier (but that shouldn't be needed).
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How complicated is the charging
process?

e Simpler than lead acid.

» Provided voltages are properly set, a single “bulk” charging
stage is adequate.

- Remember, generally we want to operate between 10% and 90%
state-of-charge, which is mostly the flat-voltage region. The key
requirement is the ability to set the charge voltage correctly.

 Depending on the capability of the charger and batteries,
thermal management and current limits may be necessary.

- Since these cells can be damaged by charging at elevated
temperatures, a temperature cutoff for the charger is recommended.
This also prevents overheating when charging at a high rate.

Daerm Spaca Ligrtimg



Are there good chargers already
available?

» The best (but prieey) charger option is
offered by eMotorWerks.

» Open-source hardware and software,
available fully assembled or as a parts kit

« 12kW charge rate, 97% efficiency, power-
factor corrected.

- Even at this rate, a Volt battery pack is being
charged at only a small fraction of what it can
handle!

e Any input voltage or frequency from
85VAC (120VDC) to 400VAC

- No more worries about low voltage at the
pedestal!

» Software-selectable voltages, and
programmable current limits

- In other words, it can be set to charge at <15A
on a 15A outlet, or 50A 220V when that's
available.
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Are there good chargers already
available?

 Morningstar's MPPT
controllers.can accept
power from a DC power
supply, and have
configurable charging
stage voltages.

« Some 48V inverter-
chargers already have T
charge profiles for some
lithium-ion chemistries.
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48V Inverters
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Charging from Truck Alternator
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Supplying 12V Loads
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System Layout




Now the fun stuff!
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Buying the Battery

 There are several databases of junk yards where
you can find parts inventory.

 Cheapest battery pack in the country when |
started looking was less than 15 miles away, so |
went to take a look.

- |t was being stored on a pallet outside, and the yard
wouldn't budge on a $400 core charge. Pass.

* Next one | would cross paths with was just
outside Dallas. A little more expensive asking
price, but $15 core charge (?!?!) was waived.
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Fexaas Drivers Wreck a Lot of Cars!
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Challenge




It fit, but even lithium-ion batteries

aren't light
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Now what?

eds to be out
transport bike .
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Disassembling in Place

over held on by a bunch of bolts, I|f‘t o gaslly in
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Getting the big section into RV was
not easy...
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First attempt charging

* Used 24V|nvér ; /ch,arger on
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Second charging exercise
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Second charging exercise

Battery Voltage (V)
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Charger Controller

» Couldn't find what | needed, so built my
own

» Voltage tells us state of charge—no need
for fancy monitoring to really know (as with
LA or LFP).

* |If cell voltages are the same, state of charge
is the same

— Cell balancing, if needed, is simple and boring

« Voltage divider circuit gets battery voltage
down to voltage compatible with analog
input on microcontroller

» Controller is same as Wednesday's
workshop

* Measures module voltage, and battery
pack's internal thermistors

» Separate relays for enabling charging and
discharging
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Skipping a bunch of bench testing...
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Safety

oy stored in
fles, anc |tsvery

éﬂ q"“i ﬁl \wr;v“

§ -

m\l“ z o
P !H “u'ﬂ IE 1 :1.“ ' g ,_{ TS '
rt circuits = :

b “stllll““‘“ =Bl ) : iy



Preventing Over-Charging and
Over-Dlscharglng
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Typical Battery Monitoring System
Configuration




What you’d much rather have

o vid .

g i



Good place for inverter?
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Which Inverter/Charger?
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Preventing Over-Charging and
Over-Dlscharglng
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Observations after Use

» Really pleased with * Even breadboard circuit
battery performance is still working after
- Under heavy load 1,000 miles on road
(>3kW), S YRErop e Ran furnace for 30
F Tﬁmp?rat“re rise during mins with duct directly
charging ~1 degree on inverter air intake
« Cable sizes needed at without overheating

48V are much easier to

work with than those i NhiceIEeingb able to
needed for much smaller ~ CN€ck on battery status

systems at 12V remotely
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What's next? (From April 2016)
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Removing 12V Batteries

* Need source df V power
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| cheated.

» Leveling jacks Wer already
conﬁgured to o perate ei""" f




| really cheated.
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Reconfiguring Batteries to Start
Generator

« Battery separator was
located in battery
compartment under cab.

« House side cable was
moved to chassis batteries,
and disconnected beyond
generator.

 Now generator is using a
battery bank meant for
starting, not a deep cycle
battery.
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“Borrowing” a Battery Section
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What did | learn from the golf cart
project?

 Hard acceleration from the 2kW motor
(repeatedly!) doesn’t really get the batteries warm.

- Why? Even at 10kW, you're only about 6% of a
normal Volt's peak power.

— Just 2 2kWh modules (i.e. % of a Volt battery) have no
trouble supplying 1000A above safe pack voltages

e Older carts without “soft starting” would be a
disaster for a turf maintenance guy

« Randy Agee (RandyA) has modified his golf cart
similarly, will be here this week.
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Energy Efficiency has to be
Considered

» Most RVs. (regardless of brand or price range) are
VERY poorly insulated.

* Typical RV air conditioners are very inefficient by
modern standards.

« With a lot of boondocking, solar panels can pay off
even if never connected (though natural shade
would be cheaper)

 The goal isn’'t an over-the-top battery system—it's
extended boondocking without compromises in
comfort or a giant hole in the wallet.
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Air Conditioners




Air Conditioners

air conditioner is * Mini-split conﬁ ed or RV use
roff—a single- converts incor ning A ACto ~380V




Other Features

| ontrolled
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Questions?
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