" #
Parts List
C1 10uF MLCC capacitor
Cc2 .1uF ceramic capacitor
Cx01 1uF MLCC capacitor
D1, D2, 1N914/1N4148 diode
Dx01, Dx02
D3 15V 1W Zener diode
LED1 Green/red common cathode LED
LEDx01  Orange LED
Q1,Q3 KSP94 PNP transistor
Q2 KSP44 NPN transistor
Q4 STP160N75F3 Power MOSFET with mounting
screw and nut
Qx01 KSA931 or BD136 PNP power transistor
R1 1M ohm 1/8W 5% resistor
R2 100k ohm 1/8W 5% resistor
R3 4.7 k ohm 1/8W 5% resistor
R4, R6 10k ohm 1/8W 5% resistor
R7, R8, R12, R13
Rx08 20k ohm 1/8W resistor
R5, R9, 1k ohm 1/8W resistor
R10, Rx07
R11, Rx03, 100 ohm 1/8W resistor 5% resistor
Rx05, Rx06
Rx01 120k ohm 1/8W resistor 1% (Note: “x00” series parts x # of channels)
Rx02 330k ohm 1/8W resistor 1%
Rx04 6.8 ohm 5W 5% resistor Tools Required
SCR1 2N5060 30V 800mA SCR
Ul LM78L12 12V 100mA regulator - 15-25W soldering iron with fine tip
U2 IXDF404 gate driver - Resin-core solder (fine)
Ux01 TC54VC2102EZB 2.1V VOItage detector . Small wire cutters
Ux02 LM431 2.5V linear regulator . Cr|mp tool or small p|iers
Ux03 ILD2 dual optocoupler . Large pair of shop scissors
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Preparation -

The first decision that needs to be made is how many channels are required. There are “breakaway”
points every four channels. A large pair of shop scissors can be used to cutoff the unused channels, as
shown above. Another option is to break a large pack into multiple sub-packs, each with a separate
BMS section. These sections can be connected with six small-gauge wires, which are circled in yellow
below.

L §LLUC Test
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As with all CMOS-based electronic
parts, care must be given to work in
a static-free environment. These
semiconductor parts are
susceptible to damage, from static
electricity.

Start with the side of the board with
the printed nomenclature facing up.
Use the placement guide shown
here to orient the parts to be
installed. The parts are identified
for the first channel, and these
repeat for each of the 16 channels.

Be sure to place the semiconductor
parts in the proper orientation. The
Orange LEDs are installed with the
shorter leg (cathode) in the hole
with the square pad.

Parts Installation
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It is easiest to start with the vertically oriented resistors. Bend the leads on each 90 degrees, right at the
ends of the resistor, and place them on the board in the positions indicated. It doesn’t matter which end
goes where, as resistors are not polarized. Once installed, bend the wires slightly, in order to hold the

resistors in place.

Solder all of these in place, and then trim the leads. Next, install, solder and trim the rest of the

resistors.

©2009 TPpacks.com — all rights reserved

Continue on with the rest of the passive
parts, and then the 8-pin opto chips. Be
sure the opto chips are oriented properly.
Next install the rest of the semiconductors
and the LEDs, paying careful attention to
making sure the parts are oriented properly.
The orange LEDs have one leg that is
shorter than the other one. This shorter leg
is the cathode, and goes in the hole with the
square pad on the board. The FET leads
will have to be bent 90 degrees. Be sure
that the hole in the FET tab matches up with
the hole in the board. Use a 3mm or 4-40
screw and nut to bolt the FET to the board.
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Connections

Although the BMS board can be directly wired to each of the cell junctions, it is highly recommended
that one, or more, series of matching connectors be used between the pack(s) and the board(s), so that
the connections to the cells can be checked first, before plugging in the board. This will minimize the
chances of mis-wiring a connection, which will have catastrophic effects.

The diagram below illustrates the required connections for the 24 BMS channels.

The cells can be connected to the BMS board via multiple connectors, or via one big connector. The
diagram illustrates how the BMS board connection holes are wired. There are some connections that
are duplicated (4, 8, 12, 16 and 20). This was done so that the board could be split into sections in
order to use them with sub-packs, allowing each to have all required connections. This way, three 8-cell
sub-packs, for instance, can be discharged in series (i.e. — 24s/72V), but charged in parallel (8s/24V x
3).
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As shown in the diagram, the
charger can be connected to the
BMS board via a simple two-wire
connection. There needs to be,
however, a separate ground for
connecting the BMS charger control
logic, so that this section is not
powered unless the charger is
connected. An easy way to do this is
with Anderson PowerPole™
connectors, which can be snapped
together into one assembly. The
illustration shows this technique.
You could also use a 3-wire XLR
plug to accomplish the same thing.

There are two connections, labeled “BRK” and “GND”, which
need to be connected to the controller's brake line and the
controller ground, for the LVC function. In order to keep it so the
BMS board can be completely disconnected and removed from
the bike/pack, this connection should have simple two-wire
connectors, such as JSTs, or small PowerPoles.

Test Procedures

For the LVC portion of the circuit, there are independent voltage detectors that each monitor the voltage
level of each cell, or for each parallel block of cells. If the voltage for any one cell/block dips below 2.1V,
it will turn on the optocoupler's LED, which causes the output to go low. If a controller’'s brake Inhibit
line and ground signal, are connected to the optocoupler’s output, it will pull down this control line,
causing the controller to cut the throttle, which in turn, removes the load from the pack.

You can check the operation of each
channel by using a single charged
LiFePO4 cell with a 500 ohm pot across
the terminals, and connecting the tap
and ““ lines to the cell junction
connection pins associated with each
channel. Connect the — side of the cell
to the — side of each channel. Connect
the tap from the pot to the + side of
each channel. Using a voltmeter, adjust
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the tap voltage to where it is around 2.3V. Using the diode setting on a voltmeter/multimeter, check the
“BRK” and “GND” output terminals. There should be zero current flow. Turn down the pot until the tap
voltage is under 2.1V. You should then see some flow through the output terminals. Alternatively, you
could use an LED with a 150 ohm pull-up resistor to check if the output trips properly. Also, to check the
operation of the opto outputs only, the two “LVC Test” pads can be shorted.

Once the board is complete, and the LVC portion has been checked out, the channel shunts and the
charge control logic can be tested. The way the circuit works (refer to the schematic on page 2) is that
each channel has a programmable zener diode regulator (U102) that starts conducting when the input
reference voltage reaches 2.5V. A voltage divider, consisting of a 75.0k and a 180.0k set of 1%
resistors (R101 and R102, respectively), scales this reference input to approximately 3.69V. During a
charge, the cell voltage will steadily rise. When it reaches 3.69V, U102 will start to conduct, which
causes the shunt transistor/resistor combo (Q101/R104) to conduct as well. This causes the orange
LED to start to come on. As soon as it comes fully on, which is when the shunt is bypassing current just
below its limit (500mA), the opto output for this channel will start to come on. When any of the optos
come fully on, its output (via the ANY SHUNT ACTIVE signal line) will cause the gate driver (U2) to
change state, which turns off the FET (Q4), cutting off the charge current. This will cause the voltage in
the cell that tripped the opto, to drop below the cutoff, turning the opto off. The gate driver then switches
states again, turning the FET back on, which restores the charge current, causing the cell voltage to
rise to the point the opto turns on again. This oscillation has the net effect of keeping the shunts at full
bypass, but not getting swamped, which would cause the shunts to overheat. Like the LVC circuits, the
shunt optos outputs are all ganged together, so that if any one turns on, the FET will turn off, cutting
power.

There is a bicolor LED that is connected to the gate driver outputs. The red portion is connected to the
output that drives the FET gate. The green portion is connected to a complementary output. When the
FET is on, the LED is red. When the FET is off, the LED is green. During normal operation, the LED is
fully red during the constant current (CC) charge phase. When the oscillation starts, after at least one
channel’s opto trips, both the red and green portions will appear to be on. At the start of this oscillation,
the color will appear to be sort of a reddish-orange hue. This is because the duty cycle of the oscillation
is such that the FET is on more than it is off. As the cells become full, the voltage will tend to stay up
above the opto trip point longer, so the green portion of the LED will be on more than the red. What
happens is that once the individual LEDs start coming on, the main LED will start to go from fully red, to
reddish-orange, to yellowish and then yellowish green. When all of the shunts are fully on, another
signal, ALL SHUNTS ACTIVE, comes on and turns on SCR1. This in turn latches the FET in an off
state, cutting off all charge current, and the main LED turns fully green.

The simplest way to check for proper operation of the shunts and the charge control logic is to connect
the charger to the board, but without the cells connected, and then observe the operation of the LEDs.
The main LED should probably be mostly green with no cells connected, and all the orange LEDs
should be on. If the charger does not have enough voltage, the main LED will light up red and none of
the orange LEDs will come on. If the cell LEDs light up bright but the main LED is solid red, there could
be a problem with the charge control circuit or optos, or the voltage could be just a hair too low. If the
main LED does not light up at all, there is a problem with the 12v regulator (U1) or the gate driver (U2).
If one cell LED does not light up but the others do, there is a problem with that channel’s shunt circuit.
Once the basic operation is verified, the charger should be disconnected and then the multi-pin plug
from the cell junctions can be plugged into the matching connector on the board. Connect the charger,
and the jumper, and turn on the charger. The LED should come on red. If all goes well, once the cells
reach about the 80-85% level, the orange LEDs should start coming on. The relative times of when the
individual orange LEDs come on is a good indicator of how close the cells are matched/balanced.
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