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Topics this week...

* RCL recap
* Electro Magnetic Interference
e Electrostatic Discharge
* Wiring and Routing
e Lab 3 pre-lab discussion
* Batteries

 Actuators

 Motor drivers
* Oscilloscope

* Grading...

First in-person lab!
PH427
Bring your kit, incl. white box
* Remainder of the kit
Computers have Lab 2 SW installed

Try to finish soldering in your designated lab
Worst case
e Saturday open lab hours 12-5pm
e Aratrika (no class help)
e Sunday 4-7pm
* Jade


https://edstem.org/us/courses/17938/discussion/1096316

Hyperphysics.com
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Electro-Magnetic
Interference
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EMC Directive

* The ability of the system to operate without
interfering with other systems

* The ability of the system to operate despite
interference from other systems

* Under typical conditions (domestic,
commercial, industrial)

(not to be confused with...)







Electromagnetic Interference
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Electromagnetic Interference

* DC motors

e Switching circuitry (motor drivers)
 Digital signals (12C, USB)

e Shared power supply (batteries)

e Two modes of interference
 Conducted EMI
e Radiated EMI

1000 1100




Conducted EMI

Z-Source
b s
e Shared current paths in resistive wires *"_'%'*’*W'*E
 Ohm’s Law F
« U=RI LA

* Longer shared paths, higher coupling
* Parasitic Capacitance
* Electric field over short distances
* Current in a capacitor
e |=CdV/dt
* Higher frequency, higher coupling

)

Plane layer




https://resources.pcb.cadence.com/blog/2020-lenz-law-
vs-faradays-law-how-do-they-govern-crosstalk-and-emi

e Faraday’s Law
* Electromotive “force” [V]

+ EMF = —N ==, where ® = BA
e Lenz’ Law (Fleming’s right hand rule)

* Induced current creates a magnetic field that opposes the source
* The radiated EMI increases with...

* Magnetic field strength
* Loop area
* Signal frequency



Common Mode Noise and Differ_ential Mode Noise

Differential (normal) mode noise

® PCB
Power
supply
Vv

Reference GND Reference GND Reference GND

IE:L} W
. . ; ) ) Loop area S
+ A mode in which a noise current flows on - Noise voltage does not occur across power supply lines

the same path as the power supply current . :
: : » Noise voltage occurs across power supply line and
» Noise voltage occurs across power supply lineg reference GND Reception side Reception side

» Noise currents flow in the same direction on the power

supply positive and negative sides https://techweb.rohm.com/knowledge/emc/s-emc/01-s-emc/6899

Radiation due to common mode noise

@ —_— Icx fx(L;

Transmission side 1 Ed@© ' Transmission side
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Common Mode Noise and Differential Mode Noise

* Use lower frequencies when possible
* Use shielded cables
* Minimize common impedances
e Short, thick wires
* Lower loop area
* Twist out/return cables
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Electromagnetic Interference
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Electrostatic Discharge

Static Voltage Generation at different Relative Humidity (RH) levels
Generation Method 10-25% RH 60-90% RH

Walking across a carpet 35,000Volts 1,500Volts

Walking across vinyl tiles 12,000Volts 250Volts

Worker at a workbench 6,000Volts 100Volts

Poly bag picked up from workbench 20,000Volts 1,200Volts

Sitting on chair with urethane foam 18,000Volts 1,500Volts

Always discharge through ground!

Increasingly
Positive

Lcetate Rﬂ"r"ﬂﬂ Increaglpgly
Polyester Negative
Polyurethane i 4

PVC (Vinyl)

Teflon
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WIRING AND ROUTING

~/ ECE4960 Fast Robots 20



Wiring and Routing

* Power transmission wires
* Sized according to power
Signal wires
e Carry little wire, but are more susceptible to EMI

Solid core
* Holds shape, but is brittle

Stranded
 Use anywhere the position is not permanent
 More strands, more flexible

* Insulation
* Most common: polyviny chloride
* Polyethylene, polyester, rubber, and Teflon
 PHA427: Silicone
* Copper tin coating




Wiring and Routing

* Magnet Wire
* Use in motors, transformers where high density routing is needed
* Thin enamel-like, tough coating
 100-1000s V and 100s of degrees C.
* Removal with heat or solvent
* Cannot tolerate repeated bending




Wiring and Routing

Wire Gauge

e US standard is American Wire Gauge (AWG)
* The large the gauge, the smaller the wire
e AWG 16 and lower are for power
transmission
e AWG 18-22 can be used for low-power
motor supplies
e AWG 22 signals
e Stranded wire
« AWG 16 26/30

https://www.powerstream.com/Wire_Size.htm



Connection Points v

* Solder permanent connection points |
e Minimize connection points p are re!
* BUT use for modularity by Kit§tin Pete 3400
* Connectors Pt Un
* Signal transfer
e Power transfer Braided wires are useful in robotics,

because they are less prone to fatigue.

Use these for connections that will
be moved or rearranged often during

your project.




Connection Points

* Solder permanent connection points
* Minimize connection points
e BUT use for modularity

* Connectors
e Signal transfer
* Power transfer
* Female: hot side
 Male: Receiver
* Reversible

e General
* Protocol

I

~High © Performance Li-po.Battery;

*1SIP 3.7V ¢3.14Wh 250




Good practices

* Use color convention
* Red/Black: Vcc/Gnd
* Purple: V+ (raw power or battery voltage)
e Green/white/yellow/orange: signal wires
* Fastening
e Fasten wires on permanent components
* Avoid pinch points
e Service loops
e Strain relief
 Hot glue
* Good for semi-permanent connections
 Becomes brittle over time
* Heat shrink
* Electrical tape ages and leaves residue

ECE4960 Fast Robots
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Lab 3: Sensors

* Connect to TOF sensors and IMU
* Understand and process data
* Things to consider...

Color coding

Permanent solder joints / Detachable connections?
Single core or braided wires?

Routing of TOF sensors, IMU, Artemis, battery

Routing for motor drivers and battery for the motors
How will you deal with two TOF sensors on one 12C line?
Mechanical mounting components (optional)



Lab 3: Sensors (pre-lab) Sensors

Draw the connection diagram that you intend to use

wo3Jucsownd
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VDD (2.8V out) |
VIN (2.6-5.5V) ST

e VIN or ~ okl
o e
B|N1 L e I . BOUT1 B|N1 ® e . BOUT1
BIN2 LRG| BOUT2 BIN2 LIS | BOUT2
AIN2 CREE | AOUT2 AIN2 CREESE | AOUT2
AIN1 DRSS AQUTA IS AOUT1




Lab 3: Sensors (pre-lab)

Think about the placement of components and Gatteries
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(Rechargeable)
Batteries
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Important properties

Battery capacity
Cell voltage
Discharge curve
Discharge rate (C)
Charge rate

Cycle times

Aging

Safety

Form factor/weight
Cost

e
=
o

c
=
=
)
e
B
=
&
@
c
L

Smaller size —>

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

MDPI, Energies

. Lithium-Ton
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Lead Acid

Cell Voltage (V)

Lighter weight

10 i T | 20 0 a0 B0 100
Energy density (W h kg™') Capacity Discharzed (%)


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

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

Rechargeable Batteries

* Nickel Cadmium (NiCd) i

 Mature tech, affordable izf(';;g - Nickelic hydroxida

* Pretty low in energy density it electrode or plate

° ngh diSCharge rate . . Cadmium hydroxide

electrode or plate

* Longcycle life
e Better in rigorous working conditions

Porous

Nickel - plated Separator
* Periodic full discharge/charge is critical Steel case
* Contains toxic metals
. . . Insulating
* Nickel-Metal Hydride (NiMH) Washor

* Higher capacity than NiCd

* Higher energy density

* Higher discharge rate than NiCd
* No toxic metals

* Reduced cycle life

* More expensive than NiCd

e Lead Acid (SLA)

 Cheap
* Large power applications
* Low energy density



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

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

Rechargeable Batteries

e Lithium lon (Li-lon)
* High energy density
* Light weight
 Low maintenance battery
 Max discharge rate: 1-2C
* High cell voltage (single cell batteries)
* Low self-discharge
* Protection circuits for charge/discharge
* Aging
e Lithium Polymer (Li-Po)
* Light weight
* Free form-factor
e More robust
 Max discharge rate: 3-60C
* Lower energy density than Li-lon
e Cost more than Li-lon
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https://batteryuniversity.com/article/whats-the-best-battery
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