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Clarifications

 Some confusion about your write up submissions

* Do not submit anything to canvas

* Update your GitHub page and post your write up before the deadline (8am Tuesday/
Wednesday).

 |f you need until 8:30/9am to finish something because there was a bug, this is fine.

You do not need to email me. If you regularly do this, we will start to use your
extensions.

* We can use your github repository to determine what your page looked like at the
deadline. We will use that to grade your work. Or dock you an extension.

* |f you want to use an extension, please send the teaching team a private message on Ed.
* This class moves quickly and builds, meeting deadlines is important.

* Also, do not use the maker spaces for coursework.
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(Rechargeable) batteries
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Important properties

What to look for when choosing a battery?



Rechargeable Batteries

* Lead Acid (SLA)
* Cheap
* Large power applications
* Low energy density
* Nickel Cadmium (NiCd)
 Mature tech, affordable
* Fairly low in energy density
* High discharge rate
* Long cycle life
* Better in rigorous working conditions

* Periodic full discharge/ charge is critical NiCD Spring
» Contains toxic metals / oaced cap g
* Nickel-metal Hydrlde (NIMH) St y Cadmium hydroxide
* Higher capacity/ energy density than NiCd HEtteeRE s
» Medium discarge rate kel iated - 7 ntor
* More robust Sl gsse
* Reduced cycle life ol
* No toxic metals e

* More expensive than NiCd

https://batteryuniversity.com/article/whats-the-best-battery
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Rechargeable Batteries

* Lithium lon (li-ion)
* High energy density
* Lightweight
* Low-maintenance battery
* Low self-discharge
« Max discharge rate: 1-2C What is this? ‘ : S |
» High cell voltage (single cell batteries) . ST e
* Form factor: prismatic and cylindrical
* Protection circuits for charge/ discharge
* Aging, safety concerns

* Lithium Polymer (li-po)
* Lightweight
* Free form-factor
* Less safety concerns (dry/gel electrolyte)
* Max discharge rate: 3-60C
* Lower energy density than Li-ion
* Costs more than Li-ion
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https://batteryuniversity.com/article/whats-the-best-battery
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Lithium and Cobalt

* Lithium is an extremely important commodity

* Renewable energy storage, EVs, batteries
e 80% is mined in Australia, Chile, and China

* China controls ~50% of processing and refining

 US mines and processes 1% (environmental
concerns)

* Cobalt is used for the electrolytes
e 70% of the world’s Cobalt comes from the DRC

* China has the largest footprint in critical minerals and
infrastructure in Africa

Cobalt electrolytic and 1cm3 cube
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Electric motors




AC Motors

* High power/ torque

* Access to a mains/wall outlet (& > aag =

e ——————

 Synchronous AC motors

* Rotor turns as fast as the magnetic field

ﬂ U Ct U ates (CRITICAL FEATURES - MODE AND PLAN OF OPERATING ELECTRIC MOTORS
BY PROGRESSIVE SHIFTING: FIELD MAGNET: ARMATURE: ELECTRICAL
CONVERSION; ECONOMICAL: TRANSMISSION OF ENERGY:
SIMPLE CONSTRUCTION; EASIER CONSTRUCTION: ROTATING

* Asynchronous AC motors/ induction motors WAGNETIC FIELD PRINCIPLES)

https://www.explainthatstuff.com/induction-motors.html

* Rotor turns slower than the field
* Coll, frequency, and load dependent
* Simple, low cost, long lasting

* You’'ll need a variable frequency drive to
change speed

(Figure 8)
Basic electrical components
of an AC motor
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Brushed DC motor

 Brushes conduct current from source to armature
 Most commonly permanent magnet DC motors (PMDC)

 Pros
* |nexpensive
* Easy speed control (DC voltage)
e Lightweight
* Reasonably efficient
o Great for low power, low form factor apps

e Cons
 Mechanical wear
* Electrical noise
* (Gearing is often needed
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Brushed DC motor

Power = Torque x speed

1:48 gear ratio

3VDC Okgcm 150mA 120RPM
3VDC 0.4kgcm |1.1A ORPM
6VDC Okgcm 160mMA 250RPM
6VDC 0.8kgcm |1.5A ORPM

free-run
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current /
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www.pololu.com torque

stall current

stall torque
(theoretical)



Brushed DC motor controllers
DRV8833 Dual Motor Driver Carrier
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Table 1. H-Bridge Logic

e BOUT1

BIN2 LR | BOUT2
AIN2 LSRN | AOUT2
AIN1 L= | AOUT1

motor power
(2.7-10.8 V)

- +

xIN2

xOUT1 xOUT2

FUNCTION

D4 A

Coast/fast
decay

Reverse

Forward

Brake/slow
decay

https://www.pololu.com/product-info-merged/2130
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Brushed DC motor controllers

DRV8833 Dual Motor Driver Carrier

49]]0J3U020401W

motor power
(2.7-10.8 V)

- +

VMM LRl VIN A
BIN1 [ Laee® ) | BOUT1

> BIN2 LS | BOUT2
> AIN2 LSRR | AOUT2
AINT L .1 AOUT1

Wl

NFAULT &J s d BISEN
AN
Q1 Q3 Table 1. H-Bridge Logic
‘__ £ D1 D3 & f'., xIN1 XIN2 xOUT1 XOUT?2 FUNCTION
| Coast/fast
! 0 0 4 £ deca
‘ AD2 D4 A ‘ 0 1 L Reverse
2 4 1 0 L Forward
: . Brake/slow
1 1 L L g
ecay

https://www.pololu.com/product-info-merged/2130
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Brushed DC motor controllers
DRV8833 Dual Motor Driver Carrier

motor power
(2.7-10.8 V)

- +

= |/ B - I
£ 3 3 GND CIFTRRE DC
o Inductor S g VMM LBl J VIN << &
> Current U v S BIN1 _laste®') | BOUT1
& g Indyctor Volt e(Vé/ g, BIN2 "i.:: e E-' . BOUT2
Why yback diodes? s A A0 T
| - nSLEEP CRERlRR ] AISEN
Ve WFAULT OO BISEN DC
AN
Q1 Q3 Table 1. H-Bridge Logic
‘__ £ D1 03 & _.,'I xIN1 xIN2 xOUT1 xOUT2 FUNCTION
i Coast/fast
Q 0 0 Z Z docay
‘ «— A D2 D4 K —> I 0 1 L H Reverse
Q2 a4 1 0 L Forward
Brake/slow
1 1 L L g
ecay

https://www.pololu.com/product-info-merged/2130




Brushed DC motor controllers
DRV8833 Dual Motor Driver Carrier

RIGOL STOP (Ek
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motor power
(2.7-10.8 V)

16.8U - 4

DgIC
DUT2 FUNCTION
Coast/fast
Z

decay

B Reverse

B Forward
| Brake/slow

.............. Umax(l)= 16.4U  Utorlll= 12.6U = O decay

CH 1=

Umad2)= 21.2U

16.4U

MerEl 10,80

Time 28.00us we0 . 0000s

https://www.pololu.com/product-info-merged/2130



Brushed DC motor controllers
DRV8833 Dual Motor Driver Carrier

VIN = 2.7-10.8V
3V compatible inputs
lcon = 1.2A (per channel)
lpeak = 2A (per channel)
Parallel couple two!
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motor power
(2.7-10.8 V)

- +

vbat
AN
Ql Q3
—
‘M A Dl D3 A >|
‘h— AD2 D4 A —w‘
Q2 Q4

3
O ORHE o
Table 1. H-Bridge Logic
XIN1 XIN2 xOUT1 xOUT2 FUNCTION
Coast/fast
0 0 Z Z decay
0 1 L H Reverse
1 0 L Forward
1 : 1 . Brake/slow
decay

https://www.pololu.com/product-info-merged/2130




Servo motor

 Hobby-oriented PMDC motor
* Duty cycle of a 50Hz 0-5V signal

 Continuous rotation servo

e Position controlled servo

Pulse
Generator

+

Position

—DQ—D Loop
_ Controller

+

—

Velocity

Loop
Controller

Py I
Amplifier

+ Current
—b( )—D Loop —
A Controller
Current Feedhack

PARALLAX

www.parallax.com

\

DC Servo
hotor

Veloo it‘-_.,.-' Feedback

Fosition Feedback

Fast Robots 2026




Brushless DC motor (BLDC)

Inside-out PMDC _
* Higher efficiency (85-90% compared to 74-80% brushed) ' =4
» No wear, easier cooling, low EMI =
* Higher power, high starting torque

* Precise control of torgue and speed
* Discrete control (easy, but jerky)
e Sinusoidal control

* Position sensing
* Sensors (hall effect, etc.)
» Sensorless (back-EMF)
* | ower speeds, worse control
 |nitialization




Fast Robots 2026

Stepper motor

* (Good choice when low speed and high precision is heeded
* Advantages: high torque compared to servos, constant holding torque, frictionless
» Disadvantages: low efficiency, torque declines rapidly with speed, low torque to inertia

B Half Step Drive
O

Full Step Drive Microstepping
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Labs 2-4.
2-4: Hardware integration



Hardware

AIN1 " AOUT1
nSLEEP [ &Z | & | AISEN

nFAULT U & & | BISEN
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Oscilloscopes
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Oscilloscope setup

BX PREC&SJO-‘J 2190k ora : 100 MMz
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Oscilloscope setup

e Bandwidth

* Sample rate BANDWIDTH SAMPLE RATE

o ReSOIUthn ~2% AMPLITUDE ORIGINAL WAVEFORM SAMPLED AT 10 POINTS

DEGRADATION

Y
100 ' T
59
oz
o)
-
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(4F]
LQu 85
D SAMPLED AT SIX POINTS SAMPLED AT TWO POINTS
b~
o
s
< ~30% AMPLITUDE
DEGRADATION
70.7
0.1 0.5 1.0

FREQUENCY (GHZ)
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Oscilloscope Probes

* Scope inputs resemble a 16pF capacitor in parallel with a 1TMOhm resistor
* At high frequencies the coax cable acts as a low pass filter
» 1x attenuation for low amplitude, low frequency signals

 10x attenuation for load-sensitive circuits, high-frequency or high-amplitude signals

Low frequency / N
COax Cable \ ,. \j Conductor
Sheath ‘lt ground Dielectric

potcntial

High frequency _/ P PR P PTE. . B
CIrCUIt _— \ | C+ =G C+ =G C—==G C+ =6 \/

Sheath Series Series Shunt Dielectric

Inductance Resistance @ :lpncituncc Conductance

Center
Conductor
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Oscilloscope Probes

Scope inputs resemble a 16pF capacitor in parallel with a 1MOhm resistor
At high frequencies the coax cable acts as a low pass filter
1x attenuation for low amplitude, low frequency signals

10x attenuation for load-sensitive circuits, high-frequency or high-amplitude signals
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Oscilloscope inputs Coaxial cable Probe
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Oscilloscope Probes

 10x probe calibration
* Use the built-in square wave generator

* Adjust capacitor until the square wave looks square!
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Oscilloscope setup

BX PREC&SJO-‘J 2190k ora : 100 MMz
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Class Action Items

 |Lab 2 is due Tuesday 8am for Lab 401, Wednesday 8am for Labs 402, 403

* |f you choose to drop the class, please let me or the teaching staff know so
you can give us back the kits!

 Check the calendar for open hours

* Feel free to charge your batteries in lab during lab times/ open hours as you
feel comfortable.

* We are going to cut the cable on your 650mAh/ 750mAh batteries next lab so
you can charge through the Artemis!



