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1. Description

Data logging and coulomb counting are features introduced in release V2.5.3 of the
PRO-x60 firmware.

Data logging allows runtime data to be saved to a CSV file on a microSD card.

Coulomb counting allows the state of charge of the battery to be initialised by the
user, decremented based on run usage, displayed and logged.

2. Data Logging

Data logging allows all the information that is displayed on the LCD to be written to
a CSV log file on a Micro SD card [uSD].

Data logging is turned on in the Advanced section of the menu, and there are the
following options;

e ACTIVE-YES/NO

e LEVEL
o STD: this logs all performance data.
o ERR: this logs error messages only.

e FREQUENCY this determines how often the data is read and recorded.
o 1:1second
o 60 : 60 seconds/1 minute.

The datafiles are prefixed with 4QD, and are numbered sequentially.

Note that the date stamp on the filename is not meaningful as the hardware does
not support real-time date stamping.

A new datafile will be created every time that the controller is re-started. The file will
be stored in the LOG directory on the uSD card.

The datafiles are quite small. 4 hours logging at 1 second intervals occupies
around 1MB.

If the uSD card becomes full, the controller will flag an SD Card Error message.
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3. Coulomb Counting

Coulomb counting uses the current sensor in the controller to measure the energy
used by the motor over time. 1 Coulomb = 1A for 1 second.

The software can be set to display the actual energy [the number of coulombs]
remaining in a battery. As the vehicle is operated, and current drawn, the number
of coulombs available will be reduced.

To calculate and then set the number of coulombs available, use the fact that 1
ampere hour [Ah] equals 3600 coulombs.

1 coulomb is a small unit so the software only displays in tens of coulombs i.e. the
default display of 13000 is actually 130,000 coulombs. This corresponds to
approximately 36Ah. The datafile records the values in coulombs.

Coulomb counting needs to be turned on in the advanced / logging section of the
menu, and there are the following options;

e ACTIVE-YES/NO

e DEFAULT [13000]. This allows you to set a default for the battery capacity.
This value can be set and saved per profile. It is used as the default value
when resetting the coulomb count.

Pressing and holding the back button whilst the controller is being switched on will
bring up an option to reset the coulomb count. It defaults to the value set within the
profile. Pressing the up / down buttons allows this value to be adjusted before
starting off.

The value is set in tens of coulombs e.g. for a 60Ah battery the number of
coulombs is 60 * 3600 = 216,000, and this should be entered as 21600.

The coulomb value can be displayed in the bottom right of the display. Pressing the
down button whilst the controller is on will cycle through battery current [b prefix],
watts [W suffix], horsepower [H suffix], and coulombs [in 10s, no prefix or suffix].
The display can be set permanently in the general settings / display section.

The coulomb count is stored in the 4QDCC file in the CCOUNT directory on the
uSD card, it is not reset if the controller is switched off and on. There is a separate
file for each profile.

Note: 2 x 60Ah batteries connected in parallel will have a capacity of 120Ah, if they
are connected in series the capacity will still be 60Ah.

Use in Greenpower vehicles

The Greenpower standard batteries are 36 Ah lead acid batteries. Whilst these
have a nominal capacity of 36 Ah, the actual usable capacity will be somewhat less
and will also vary between newer and older batteries. To use coulomb counting
effectively, each set of batteries should be characterized to assess their real
capacity, and the coulomb value setting in the controller adjusted accordingly.
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4. Data file

The data file has the following structure....

Time

00:00:01
00:00:02
00:00:03
00:00:04
00:00:05
00:00:07
00:00:08
00:00:09
00:00:10
00:00:11
00:00:12

Battery Motor Battery

Duty CTR Coulomb Fault
Voltage Current  Current RPM XTemp Y Temp
Cycle (%) Temp Count Codes

(v) (A) (A)

26.3 0 0 0 0 23 0 0 125202
26.3 0 0 0 0 23 0 0 125202
26.3 0 0 0 0 23 0 0 125202
26.3 0 0 0 0 23 0 0 125202
26.3 0 1 0 0 23 0 0 125202
26.3 6 4 0 0 23 0 0 125202
26 26 25 6 0 23 0 0 125201
25.8 29 26 7 0 22 0 0 125195
25.4 39 39 15 0 23 0 0 125187
25.3 39 38 14 0 23 0 0 125172
25.4 39 37 14 0 22 0 0 125156

Things to note are:

The Duty Cycle is the percentage of the battery voltage that the controller is
applying to the motor, after allowing for the ramp functions it is broadly
equivalent to the throttle setting.

The Motor Current is the instantaneous current going to the motor, this is
measured at the mid-point of the PWM pulse.

The Battery Current is the average current being drawn from the battery, it is
equal to the motor current x the duty cycle.

The RPM value will only be logged if a suitable speed sensor is connected
and configured in the menu.

The CTR temp is the temperature of the controller measured on the heatsink.
The X & Y temps are the temperatures recorded by the optional external
temperature sensors.

The Coulomb Count value is the number of coulombs remaining.

The Fault Codes column will show any warning of fault codes that the
controller reports.
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