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Lithium batteries can be extremely dangerous, if not handled and cared for properly. This design does not &
include any form of current limiting circuit, like a fuse. So, care must be taken to ensure that the wiring \ D
guidelines are followed accurately, that checks are made for short-circuits, and that battery polarities are U
marked, and they are inserted the correct way round. Failure to do so, could result in an explosive fire.
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Charging Practices: Always remove batteries from your project to charge them. Use a charger, designed for the
battery used, and from a trusted supplier. Choose a flat, non-flammable surface to charge on, away from
flammable materials. Never leave unattended when charging. Don’t charge overnight. Monitor charging to
ensure charge characteristics are as expected. Only pair batteries with similar characteristics. Do not
overcharge, or leave charging for prolonged periods. This increases the risk of damage and fire.
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Battery care & maintenance: Stop using a battery if it is swollen, damaged, dented or leaking. Never charge
a damaged battery. Never allow a Lithium battery to discharge below 3.2 volts, as cell damage will occur.
Avoid extreme temperatures. Do not charge or store batteries in very hot or cold environments.
Don’t cover batteries whilst charging, as this can trap heat, causing overheating.

CAUTION

LITHIUM BATTERY

In case of fire: Get out and stay out. If a fire starts, leave immediately, and call the fire brigade.
For low voltage Lithium batteries, water is a safe extinguisher.

Built-in Monitoring: Most of my project designs include code, and circuitry, to monitor battery
voltage, whilst in use. This code then seeks to alert the operator, when the battery has reached a
critical low voltage, before shutting down power consuming circuitry; including the micro. Time
should therefore be spent on calibrating this feature, as a precaution, for good battery
management and maintenance.
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Carefully dispose of batteries that damaged, or discharged below their critical voltage.
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Battery Monitor (Protection)

VBatt ._|

Vao = Vpat X R2

R1 + R2
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3K3 Vo= Vo X 2K2
e l 5K5
- R2 Vao
- 21 Veep = 12.5V @ V,, = 5
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Two cells in series gives a nominal 7.4v constant
discharge voltage. To prevent damage, stop using
once the following conditions are reached:

3.60 + 3.00 = 6.60v (one battery fades early)
3.30 + 3.30 = 6.60v (both batteries fade together)

Hence V,op =540 @ Vg, = 6.60v

A

Vaop = Vao X 1023 voltage read by 10-bit ADC
5
Vaop = Vpaie X 0.4 x 1023

5

18650 Lithium Battery
Discharge Profile

| ! ! '
42 1 — T S— _'_. —
4.0 NS I, WUS—— —
. } i | !
38 |yt = e ————————
S | : : !
< | i t i : i
Q 386 b - It I E—
o) 1 ! ! r
] i i i ' :
= H 3 H s
O 314 - i : T . V. W, S—
> @ ! ! !
' i i i |
1.0 Critical discharge voltage ' '
' ! ! ! ! !
| i i i i
28 1 1 ] 1 1
0 20 40 0 80 100

Discharge Capacity (% of nominal)

Discharge: 3.0V cutoff at room temperature.

CAUTION

LITHIUM BATTERY
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Ball Balancing Robot Front
Motor Cal.

Left Wheel — Right Wheel

Motor ‘B’
D4 PWM Direction
0 36-255 Anti-clock
1 233-0 Clockwise

Motor ‘A’
D10 PWM Direction
0 49-255 Anti-clock
1 223-0 Clockwise

DIRB

— TV~ i PR | _'| DIRC -~ D6
PWMB == D3 {(\/ - L '

)l PWMC === D9

-
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"DIRA == D10
PWMA == D11

Motor ‘C’
D6 PWM Direction
0 41-255 Anti-clock
1 224-0 Clockwise

@ Rear Wheel
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Ball Balancing Robot Front

Hips Cal. ﬁ
Left Wheel Right Wheel

Rear Wheel
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MPU-6050 Orientation Front

MPU-6050
Orientation & Polarity of Rotation

Gravity +Z

Pitch

+Y -XT -X .
Gyroscopes are set at +/-250 °/sec FSD.
0 Hence at 32,767 FSD; rotation of 1 °/sec = 131.
+xl v To convert this to a gyro angle we use the time between readings.
Front - On 10 ms cycle we would accumulate a count of 1310 over a 100

cycles when rotating at 1 °/sec.
So delta angle per 10ms cycle = gyro rate * 0.00007633
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Setpoint Setpoint
| |

Gyro X & Y angles to Motor clockwise drive relationships:
Motor AW = -(X_Gyro * sin(30°)) + (Y_Gyro * sin(60°)) =-X_Gyro*0.5 +Y_Gyro *0.86603
Motor BW = (X_Gyro * sin(30°)) + (Y_Gyro * sin(60°)) =X_Gyro*0.5 +Y_Gyro *0.86603
Motor C*W =Y _Gyro

Note: here we are calling the Pitch gyro X_Gyro and Yaw gyro Y_Gyro to be consistent with
the accelerometer values, which are used in the code for gyro drift correction.
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Movement angles and vectors

Tipping
forward right

Tipping

forward left & /-

/
+Gyro_Y \\4 -Gyro_Y

Tipping
backward right

Tipping
backward left

If +X & -Y then: @Ot +30 =57.2958 * tan'! (y/x)

If +X & +Y then: @090 =57.2958 * tan (y/x)

If -X & -Y then: @0t +180 = 180° - (57.2958 * tan! (y/x))
If -X & +Y then: @20t0-180 = _180° + (57.2958 * tan! (y/x))

Tilt V = sgrt(sq(x) + sq(y)) V is always +ve
Driving force vector F == PID(-V)

F needs to drive in opposite direction to V, so

If +X & -Y then: @20t0-180 = _180° + (57.2958 * tan! (y/x))
If +X & +Y then: @0t +180 = 180° - (57.2958 * tan! (y/x))
If -X & -Y then: @Ot0-20 = (57,2958 * tan! (y/x))

If -X & +Y then: @O0to+30 = (57,2958 * tan (y/x))

Where 1 radian = 57.2958 degrees
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Motor drive factors v error angle

pid_output drive factor

A A A
1 / \ Clockwise
Motor ‘C’ Motor ‘A’ Motor ‘B’
Clockwise Clockwise Clockwise

pid_error_angle

| -
-180° -90° 0 90° "/1180°
Motor ‘A’ Motor ‘B’ Motor ‘C’
\A\nti-clockwise Anti-clockwy Anti-clockwise
-1 Anti-clockwise
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Balancing Gains g EmEETT
s +1‘9° 50 5 ‘19'° 15 +15° +10° +5°  0° -5° -10° -15

BalanceBot Gains:
pid_p_gain=8.0
pid_i_gain=0.5

@ ' pid_d_gain=5.0
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RPM @ 50 counts of ball rotation
300 |

Key:

—— AC anti-clockwise speed measurements
—— AC,, modified anti-clockwise speed profile
—— CW clockwise speed measurements

mMotOrS 5 pWM max = 255

Free energy in

AC
//4{/
200 ACy
-~ @50%
L~
4 AC,, Controller shaping:
/ * CW rotation will be assumed to be linear.
* Start and max speed points are the same.
CW * AC curve will be reduced by loading.
* AC,, control points for 50% as follows:
/ *CWPWM=50 v AC,PWM=41
100 - i - CWPWM=100 v AC,, PWM =70 —
/! In CW rotation motors *CWPWM=150 v AC,PWM =103
' / are constrained by the *CWPWM=200 v AC, PWM =146
I

H-bridge braking.

o

PWM
Start =21 50 100

PWM

150 200 250

Motor speed curves v PWM
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Motor PWM Demand v Power chart

PWM max = 255
PWM

i/p
This power curve serves to make the

motors more responsive to small
demands.

200 V4

100
) ) Increase MotorMinPWMop to gain
lV'°t°'rM'"PW'VI"E’/ more torque at low demand figures.
0 i PWM
50 100 150 200 250 o/p

MotorMinPWMop
Motor speed curves v PWM
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