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How to be useful, but not dangerous?

© Copyright 2226, Carriegie Mellon University, Manufacturing Futures Institut=. Author: Ryan Bates



Instructor
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Fun Fact: Can build things
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Exercise 5: Single-Pole Switch On Outlet Circuit
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Electrical work is a lifelong learning trade.
We are just getting a taste. There is alot to learn, it cannot be

done in a day.

I Don’t make assumptions.

I Understand the safety risks.

I If you are unsure, don't.
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Electric FIOW s iike waten

Voltage

gLy

Resistance

Less resistance

Amperage
More resistance
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Satety

Current kills, not voltage.

They are directly related. V=IR
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Units (vetric System prefixes, aka powers of 10)

Say 20 microamps (20 uA) Say 450 millivolts (450 mV) Say 10 kilo ohm

Means 0.000020 amps. Means 0.450 V Means 10,000 ohms
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Polarity

Generally we follow the
convention:

Current flows positive
to negative.
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ohm’s Law

Solve for |:

V=5, R= 220
=7

© Cooyright 2026, Carregie Mellon University, Manufacturing Futures Institut=. Author: Ryan Bates



OhM'S LaAW (tne onty math you really need to know)

.

Variables: Power: Solve for I:
V=I*R

V = Voltage, R = Resistance, | = Current. P=V*| 5=|* 220
=7
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MultiMeter!
 Voltage = 0500V ()
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MultiMeter!
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Note 1

ohably the 2nd most
|l’ll'sellll electmmcs tool
ever.

DP832A
Programmable DC Power Supply B/

Limit 33.000v_3.3004 Umit 33,0

12012V B 0
| 0.000W < o
‘ % 0.000W
3301V 0.000A >
St IO on 055 o8 IS

i I
| [_-_\_30V13A 3ov/3A




Example!

No power cord? We fix.
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||
serles vs Para“el Always portional.
: Based on system needs: duration or strength.

Always. Respect. Battery Datasheet.

Series Paragllel

1.5y e

I
| +
He

‘ |
+ , ,
e ; _ What do you do
1.5V e | T | if battery starts
, athermal
runaway?

What is Li-ion?




|
serles vs ParaIIEI Battery Datasheet:
= https://www.dnkpower.com/wp-content/uploa

ds/2018/04/Samsung-INR18650-25R-Datashe
et.pdf

-SAMSUNG SDI Confidential Proprietary -

1.0. Scope
This product specification has been prepared to specify the rechargeable lithium-ion cell
(‘cell’) to be supplied to the customer by Samsung SDI Co., Ltd.
2.0. Description and model name
2.1 Description lithium-ion rechargeable cell
2.2 Model name INR18650-25R

3.0. Nominal specifications
Specification

3.1 Nominal discharge capacity 25A, 4.20V,CCCV 125mA cut-off,
i 5V discharge cut-off

minal voltage

3.3 Standard charge CCCV, 1.25A,4.20 £ 0.05 V, 125mA cut-off

3.4 Rapid charge CCCV, 4A, 4.20 + 0.05 V, 100mA cut-off

Standard charge : 180min / 125mA cut-off
rge: 60min (at 25°C) / 100mA cut-off

v,
C
e,
>
N
m
L

3.6 Charging time
14mm 18mm —

AA Battery 18650 Battery

3.8 Discharge cut-off voltage
End of discharge




series vs_ ParaIIEI How many 18650 cells make a power

tool battery pack?

Series What configuration would make the
| battery pack last longer?
4.0V
4.0V
4.0V i
4.0V
4.0V 18mm
18650 Battery




series vs_ Para“el How many 18650 cells make a power

tool battery pack?

Series What configuration would make the
battery pack last longer?

=}
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||+

4,0V "

18mm
18650 Battery




SALLY A SAMPLE Account # 0000-000-000 Page 3 of 3
Account Detail

123 MAIN ST Supplier Agreement ID: 0000000000
Meter Reading Usage Information Current Bill Details e

DLC Rate RS-Residential Service

| Meter Number F00000000 | Price to Compare $0.1145 / kWh

Present  10/29/2023 Act 76,026.3670 DLC Charges
Prior 09/28/2023 Act 75,468.7020 Customer Charge

Difference 557.6650 Distribution 557.6650 kWh@ $0.087833
Your Meter Multiplier 1 DSIC Surcharge 2.86%
Total kWh Used ° 557.6650 Pennsylvania Tax Adjustment

Supply Charges - ABC ENERGY
Generation-Trans 557.6650 kWh@ $0.163900




_
Ki“'a'watt costs:

¢ 6 ¢

Distributio $0.088 /kWH
=t Generation +$0164 / KWH
Total char $0.252 / KWH

-®

-0
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French Fries
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French Fries

.ﬁMagic Chef (‘I‘l’

AIR FRYER

ModelModéle #: MCAF56DB Intertek

120V~60Hz 1700W 4007446
CONFORMS TO/

DO NOT IMMERSE INTO WATER/ ETE:S_RI'SZE:MORME

NE PAS IMMERGER CERTIFIED TO/ CERTIFIF

HOUSEHOLD USE ONLY/
USAGE DOMESTIQUE SEULEMENT CASTD- (222064
MADE IN CHINA/FABRIQUE EN CHINE

..

‘-o

-®
. electric cost S0.252 / kWH
®cook time: 15min
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Wire Gauge (Current Capacity) | I

Some Common sizes for residential wiring.

Wire Gauge Current Carrying Capacity
N e 14AWG 15 Amps
[ 12 AWG 20 Amps
[ — 10 AWG 30 Amps
— 8 AWG 50 Amps
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Wires in your house!
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Wires In your house! \
SINGLE-PHASE CENTER-TAPPED SERVICE: 120V & 240V

UTILITY POLE HOUSE PANEL APPLIANCE PLUGS
SMALL SLOT: L1
13,200V L1 (HoT) [/ \ AN 1)SINGLE POLECIRCUIT (HOT, BLACK/RED)
A [ BREAKER :
: 240V BETWEEN HOTSI @ € © (LSESTER%LO;VNTE)
2 N (NEUTRAL) 2
g ' U-SLOT: G
/' : i g B 120V PLUG (GROUND, GREEN)
- [¢] = (e}
DSSPTLF|{T5PHTA3E L2(({{HoT) § ol E 3
ISTRIBUTION .
TRANSFOlFJ(MER - 120V HOT-TO-NEUTRAL ol BN« B e 2) 240v -POLE CIRCUIT
(bonde, bonded (16.67 ms period, 60 Hz) § § aEEdy §
=
at the pole) § ° é = § §
TRIPLEX CABLE I & 22 e
SMALL SLOT: L1 NEUTRAL on ol &5 MO
(HOT, BLACK/RED) BUS J_ AP =1 & TOP SL(EL:OLT1)
LARGE SLOT: N A~ = _
=|| (7 I\ [ | BOTTOM SLOT:
(NEUTRAL, WHITE) @ /oo:i?oriiczoi;oo\/ L2 (HOT)
(GROUN%'%F?&,\% LI LEFT SLOT: N
' 6ROUND E——J GROUND (NEUTRAL)
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Wires in your house! (simpiiried)

SINGLE-PHASE CENTER-TAPPED SERVICE: 120V & 240V

UTILITY POLE HOUSE PANEL APPLIANCE PLUGS
BReaKeR Hot Neutral
13,200V L1 (HOT) I I &
......... NNEUTRAL) . ........ [ : o
I E Ground
L2 (HoT) § 120V PLUG
2
g
gzl

! GROUND 240V APPLIANCE
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Wires in your house!

+200

+100

Voltage (V)

ANATOMY OF A 120V AC SINE WAVE

Period (T) = 16.67 ms
+170V (1/60 sec) +170V Peak Voltage: ~170V

RMS Voltage: 120V

AC: /\/\,;

-100-{ = Current constantly s
changes magnitude Frequency:
and direction 60 Hertz (Hz)
200 Period (T) = e ‘
0 3:5 6.7 13 16.67 20 22.5 30 33.3ms

Time (ms)
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Cosplay as an electrician.
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Goals:
a) Familiarize with tools and parts:

b) Translate a diagram to a circuit.

power in

I
[

i
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Tools and PPE:
a) wire strippers, screw driver, drill, utility knife

b) safety glasses
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Wire from a diagram.
H%t

Neutr
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10 the lab!
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Wire an “e-bike”.
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Goals:

a) Use tools and parts:

b) Translate a diagram to a circuit.

Wire an “e-bike”

from a diagram.

St ikl
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SW_DPST Fuse 20A
I
1

—1-0/ .02—

Fuse 2A

12V

| — )
_— Regulatar
5V
1]

Regulator
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Schematic

SW_DPST Fuse 20A Speed Cantraller Mator_DC

Aot — VIN
I
1

Hog2 GND  Motor—

Motor+

GND

12V regulator LED_bulb
Fuse 2A 1 outlE—L o 02 o

5V regulator
IN _ ouT
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Wire Termination ( a few connector types)
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Crimp! 2

//'

5
N "'
1. strip the wire jacket. 2. put the connector into a suitable jaw.

4, crimp the connector to hold the wire
tightly.

3. inset the wire into the connector.
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