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Team 604 1 Introduction to Electronics

A Electronics basics
I Volts / Amps / Ohms
I Ohms Law
I Components

A Resistors, capacitors, inductors, diodes, transistors
I Motor controllers

A Making your robot more robust

I Wire gauge selection

I Making secure connections

I Introduction to soldering

I Trouble shooting with a VOM (Volt Ohm Multimeter)
A Robot controller

I System overview

I Connections



Vol ts |/ Amps [/ Ohms

e Voltage, V, Volts
—Provides the “push”

e Current, I, Amperes (Amps)
—Flow of Electrons

— Amount of Current is dependent on
Voltage and Resistance

e Resistance, R, Ohms
—Limits the amount of current



HOW TO: Ohm’s Law
- VAN <

G
i & 3
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"I = Current in Amps
V = Voltage in Volts
R = Resistance in Ohms (€2)

N v

V

v

- |

Ohm’s Law establishes the relationship
between current (), voltage (V), and resis-
tance (R) in an electronic circuit.
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Ohm’s Law

“Current (I) is proportional to Voltage (V)
and inversely proportional to Resistance (R)”

]=K V=IxR R=—
R




Ohm’s Law & Power Wheel

P = Power I = Current

VXxI

P
fz

Y = Yoltage R = Resistance



Resistors

e Can be rated by...
—Resistance Ohms
—Tolerance (% of nominal value)
—Power Rating (Watts)

e Schematic Symbol...

A~



Resistor Types




Resistor Power Ratings

1/8 watt

10 wattsl




Resistor Colour Code

Example: 4K7 or 4700 ohms (Carbon) Band 1, 2, 3

Tw
S a
-~
s x
In 1

ist 2nd 3rd 4th 5th 6th Red
N Orange
Yellow
Green
Blue
Yiolet
Gray
wWhite
Gold

QOO =Jhon L& Wh=D

7

4 4 Band 1: Yellow - 4 .......... 4
Band 2: Yiolet - 7 .iiiieennnns 7
Band 3: Red - 2 ....ccovvvnnnsss 00

Band 1, first # Band 4, Gold, 5% Tolerance 4700 Ohms

Band 2, secnd #

Tolerance: Brown = 1% Band 5 & 6 usually for 1%
S sap o | Red = 2%  metal film types. Band 6
Band 3, multiplier with 'D's Gold = 5% for temp. coefficient.

Silver = 10%
Band 4, tol. in % None = 20%




Resistor: Examples
RESISTOR COLOR CODE GUIDE

4- Band Code

Orange
Yellow

Gray 8 100,000,000
White g [ g [ g 1,000,000,000
Gold 01 |+ 5%
Silver o0l + 10%
None + 20w
+ + Zrrd T‘?m £k + *
15t Stk
Fotentiometers S- Band Code
and
Trimmers Calculation

Resistor Lead i

; arF st
e
“ ! 200KQ+ 10%
First Band Red -c-e-aeaeeen 2
Second Band  Black ---------- 0
Multiplier Band  Yellow __ 310000

The Gald ar Sikve band is abwaws placed to the right

Talerance Gand  SHIver -.-.-.- 0% The reziztor value iz read from the &fi to right.
. i If there iz no tolerance band, then find the side that has
Equation 2 band zlosest to a lead and make that the first band.
h ) 20 =10,000 = 200,000
ermistors
1.000=1K
and Resister - 200 KR
Phototransistors witha +10 % Tolerance




Resistor: key facts

V =RI ; |
LV ‘= R 2y
R
R, =R, +R, | 4 %RR




Folarized marking

(negative lead)

-+
Radial lead

|

Axial lead

Capacitor: Examples

Electrolytic

(note, M here ion’t
a tolerance)

Label sayo: 100 MF === ===

Actual value: 100 pF
(M means micro(p)) 1

Tantalum

Labe! says: 4R7u
Actual value: 4.7)IF

(R represents a decimal)
v —f_.. + 4R7p }:~

Label says: 475K
Actual value: 47 x 105pF

with 10% tolerance
(K = 10% tolerance) % +475K }:

Dipped Tantalum

LOOME 16V

Capacitance in MF 10 + :
Rated voltage f 16 ; S
X
Mylar
Label says: C.1M
Actual value: OF [ 0.1
(M means micro) MFD
Standard
(Black = military;
white = commercial) 150 digit 2nd digit  temp,
O Oy o .
Cy O O

Characteristic -0 o O\

Uses same

, \
coler scheme  Toloranca  Multipfisr

as rasistors
for digits and

tolerances
Front

o s

Dé werking voltage

Operating Vibration
rade

Ceramic
Labal represanta
" a olerance

Label says: 105M
Actual value: 0.0\UF £20%

[ 03m|

2nd digit  3rd digit

1st digtg ! Tolerance

TN
| 2 ‘ K Label says: 12IK
Actual value: 120pF +10%

Decimal 2nd digit

1ot digit ' Telarance

4 R7 P “Label says: 4R70
Actual value: 4.7pF 10.5

European Marking

£8p
Label says: €0p
Actual value: 88pF

P 68 Label says: p65
Actual value: 0.6BpF

Label says: nEB
Actual value: 0.6BuF

[Brown = 100V; Orange = 200V;
Green = 500V; Gold = 1000Y]

Back

Multipliers

O =none
1= Xx10
2=x100
3=x1000
4=x10,000

Tolerance

Z = +80%, =20% (asymmet-~
ric capacitor construction)
M= +20%

K=310% 8 =101%
J=15% A= 20.05%
G=12%

F=21%

D=105%

C=%0.25%

B = $0.1%

A=20.05%

IpF =1 x10"7F
InF =1x10°F
IuF =1 x 107
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Capacitor: key facts
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Capacitor: Key circuits (II)
» Low-pass filter

Charging Discharging
A R -
o AVN— o -V,
+ /G

=Tt

by ———

63.2%

il
L

Jo.8% |

t=T=RC
Power Supply Filtering Spike and Noise Suppression
ac voltage r t
0 + - D +VJ‘T'
full-wave m 1 -
rectifier T
pulsing de filtered d E;:: 0. 1pE
0 —_ l‘ . . l
. o iltered dc 10 H

GND
Be careful about discharge




Diode: key facts

 Unidirectional conduction

I Ge Si
T 20mA diode diode
=+ ﬁ _
/ M i
0.5V
« Examples
Glass-encapsulated signal diode Power rectifier
Anode

Cathode Anode

Plastia-anaapsulated diode

Cathode £

. Insulating
_ washer
Securing

nut

Cathode

v

1V



Diode: Key circuits

 Rectifier

Half-Wave Rectifier Full-Wave Bridge Rectifier

Basic AC-to-DC Power Supply output with

- Vv ripple voltage (V; ...} rﬂijdl' capacilor
v . {with load)
LTl \ rd
1200 VAL = _ —
B Hi " . .
H v, (120 Hz) / T -_ output wnh_nul
\ R / \ / v filter capacitor
. lowd I} 1 i \ i \
1] .| I .I ) '..
J I | | _ |
= - - e N




Light Emitting Diodes (LEDs)

A type of diode designed to , '8
emit light /;‘"
Can be visible or IR |

2 V voltage drop |
Typically draws 20 mA (0.020 A)

Schematic Symbol...

—Is




Inductor: key facts

V.

——»
{
L,
I — »
-9
—» I
{ Iz

'

Switeh
closed

Switch
open

equivalent to

equivalent (o

L +L

i 2

IJIEJE
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Chokes

Subminiature Relays

m
A

Mechanical Relay

Spring
ﬁ_qm’:r;:'a-ra

’(_,i.,_._...____hl_(

W aving
. contact
arm

" Flaxible wire

Ceil Switch

Inductor: Examples

Air core

—0
a0
SPST (normally open)

o—
- —

£)

THPST Cirmally open)

Powered-inon
cone

Tron core

‘\‘\‘U
SPST (normally closed)

s
|

DFST (rormally closed)

Variable
core

]

DPLT



Motor Control

%/ 2N3904
DO —VW\V 5 cé;é T0-92
E

TO-220AB

(A stepper motor would require more outputs)



Robot Motor Controllers

High Voltage Speed Controller.

Sixteen MOSFET transistors
allows the Victor HV to handle
120A continuous duty.

The high voltage Victor provides
output control from 3% to

100%. The high current capacity,
low voltage drop, and peak surge
capacity make the Victor HV ideal
for drive motors, while its braking
options and precise control meet R !',‘7‘0:?1‘?\" First
the demanding needs of arms and VICTOR 885
lift systems.

p—




Robot Motor Controllers

To Fan Voltage (Red)
D ™
Fan GND (Blk)
BLK GHND
To Battery GND [N
To Motor
Red
To Battery PLUS
+v
- LED Indicator Status
WRB ' * Green = Full Forward
PWM Extension Cable —@ : gg'adﬂzg?: :IINF?::;LLBFEI{E
T'D HECE“"E[ PWM DUI E- IFl Robotics . Flaﬁhlng Dral'lge = no Plﬁm
@ABC‘ VICTOR HY

o O
AL \
Brake/Coast Jur‘nper— Cal Button —/ LED Indicator



Robot Motor Controllers

1 # Motor Controller Options

885 36HV 8835C 8835C
Operation Type Speed Controller Spin Controller
“ariable Forward - Brake/Coast - Variable Reverse Wariable Forward - Brake/Coast

Mominal Voltage 12v 24V 24V 36V 48V 24V 24V
Maximum Voltage 15V 30A 30V 42V 60V 30V 30V
Continuous Current 40A 60A 120A 120A 90A 90A 150A
Surge Current (2 sec) 1004 200A 2504 2004 100A 2004
Surge Current (1 sec) 2004 300A 2754 2264 2004 300A
PWM Input Pulse 1-2ms 1-2ms 1-2ms 1-2ms 1-2ms 1-2ms 1-2ms
PWM Input Rate 15-30 ms 15 -30 ms 15-30 ms 15-30ms  15-30ms  15-30ms 15-30 ms
PWM Output Chop Rate 120 Hz 2 KHz 120 Hz 120 Hz 120 Hz 120 Hz 120 Hz
Minimum Throttle 3% 10% 3% 3% 3% 3% 3%
Price $114.95 $149.95 $199.95 $199.95 $199.95 $169.95 $219.95




Team 604 1 Introduction to Electronics

A Electronics basics

I Components
A Resistors, capacitors, inductors, diodes, transistors, ICs
A Connectors and wire

I Volts / Amps / Ohms
I Ohms Law

A Making your robot robust
I Wire gauge selection
I Making secure connections
I Battery maintenance
I Trouble shooting with a VOM (Volt Ohm Multimeter)

A How does it all work?
T Robot controller connections




Wire Gauge

Stranded Wire

Solid Wire

AWG Diameter | Diameter | Ohms per | Ohms per | Maximum

gauge Inches mm 1000 ft km amps
4 0.20 5.19 0.25 0.82 135
5 0.18 4.62 0.31 1.03 118
6 0.16 411 0.40 1.30 101
7 0.14 3.67 0.50 1.63 89
8 0.13 3.26 0.63 2.06 73
9 0.11 2.91 0.79 2.60 64
10 0.10 2.59 1.00 3.28 55
11 0.09 2.30 1.26 4.13 47
12 0.08 2.05 1.59 5.21 41
13 0.07 1.83 2.00 6.57 35
14 0.06 1.63 2.53 8.28 32
15 0.06 1.45 3.18 10.44 28
16 0.05 1.29 4.02 13.17 22
17 0.05 1.15 5.06 16.61 19
18 0.04 1.02 6.39 20.94 16
19 0.04 0.91 8.05 26.41 14
20 0.03 0.81 10.15 33.29 11
21 0.03 0.72 12.80 41.98 9
22 0.03 0.65 16.14 52.94 7
23 0.02 0.57 20.36 66.78 4.7
24 0.02 0.51 25.67 84.20 3.5
25 0.02 0.45 32.37 106.17 2.7
26 0.02 0.40 40.81 133.86 2.2
27 0.01 0.36 51.47 168.82 1.7
28 0.01 0.32 64.90 212.87 1.4
29 0.01 0.29 81.83 268.40 1.2
30 0.01 0.25 103.20 338.50 0.86
31 0.01 0.23 130.10 426.73 0.7
32 0.01 0.20 164.10 538.25 0.53




Wire Strippers

| Wre E18p



http://images.google.com/imgres?imgurl=http://www.azarpartoo.com/images/6PK-223.jpg&imgrefurl=http://www.azarpartoo.com/index.php%3Fmain_page%3Dindex%26cPath%3D125_154&h=264&w=320&sz=15&hl=en&start=126&sig2=6_8Ie1UUlJnVBIY7XvGTJg&tbnid=ROstbrd5PdviJM:&tbnh=97&tbnw=118&ei=uRpLR7bkDJ2SggOz35zVDg&prev=/images%3Fq%3Dsolid%2Bstranded%26start%3D108%26gbv%3D2%26ndsp%3D18%26svnum%3D50%26hl%3Den%26sa%3DN

Crimp Connectors

[iafiqd




Molex Connectors



http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/3/31/Molex_female_connector.jpg/800px-Molex_female_connector.jpg&imgrefurl=http://commons.wikimedia.org/wiki/Image:Molex_female_connector.jpg&h=534&w=800&sz=34&hl=en&start=11&sig2=xU3oQ3Ac0WkO_EnkYfXJnQ&um=1&tbnid=3StU8IFLIUso2M:&tbnh=95&tbnw=143&eid=cAxVR6fuFY2ChQOwyInvDQ&prev=
http://images.google.com/imgres?imgurl=http://www.flexiglowhk.com/images/products/CableKits/f5.jpg&imgrefurl=http://www.flexiglowhk.com/products/CableKits.htm&h=500&w=500&sz=36&hl=en&start=4&sig2=pt2US8rFsdIHcS69o06LFA&um=1&tbnid=FznFPoi3KxBwoM:&tbnh=130&tbnw=130&eid=cAxVR6fuFY2ChQOwyInvDQ&prev=

Anderson Power Pole Connectors

—r—
ROLL PIM . 1/4 "
R

50-100 + Amps 0-45 Amps



THE RIGHT SIZE FOR THE
RIGHT WIRE GAUGE:

« 15 amps: for 16-20 gauge wire
(contact #1332)

* 30 amps: for 12-16 gauge wire
(contact #1331) (most commonly used)

* 45 amps: for 10-14 gauge wire
(contact #261G2)




DIP Switch

Rocker Switch Slide Switch

S
30



http://images.google.com/imgres?imgurl=http://www.robotroom.com/DipSwitch.jpg&imgrefurl=http://www.robotroom.com/AlphanumericDisplay.html&h=259&w=311&sz=15&hl=en&start=4&sig2=aZAYAsGWyre_ReWoMltvJg&tbnid=7RDrFmjRPN9TCM:&tbnh=97&tbnw=117&eid=_v9UR86REKiUggPVxPDjDQ&prev=
http://www.smartcomputing.com/images/smartcomputing/fullsize/293n0113.jpg

HOW TO: Basic Soldering Techniques for Kit Building |

A,

>

.

l L
R -
-

& Assemble the proper tools.

N 4

~ 2. Mount component by bending |

leads out sightly.

2
\<<\ ~= ; \_\ : \ J :"/
-

3. Heat iron. Clean tip
with damp sponge.

d 4. Apply heat. Apply solder.

. ”~

5. Remove solder. Remove iron.

”

6. Inspect solder. Cut lead.

-







Soldering Solder

/ W ire

board N4 L o
777770 |27

‘-\ (O @
ponent
ij lead U







VOMT Volt, Ohm Meter

Vit T
“u'ML—-LA-MA




260

SERIES 3A

VOLT - OHM - MILLIAMMETER v RANGE: ADD 12 DB

ZERO DB POWER LEVEL OHMS PER VOLT S0V RANGE: ADD 26 DB
001 WATT 600 OHMS 20.000 D 5.000 A.C. 250V RANGE: ADD 40 DB







