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Outline
1) Basics

a) Ohm’s law - Volts / Amps / Ohms – water analogy

b) Energy, Power

c) Series, Parallel

d) Milli, kilo, mega, GIGA (pronounced JIGGA – Doc. Brown had it right!!!)

e) Drawing/schematic basics

2) Direct Current and Alternating Current

a) What/Why/where DC common today

b) What/Why/where AC common today

c) How we measure voltage in DC and AC

i) Why Root Mean Square (RMS)

ii) RMS vs Peak in AC waveforms

iii) Define frequency

d) AC phases, why more than one

3) Codes (written in someone else’s blood, our adherence to them wise)

a) NFPA 70 – National Electric Code

i) How to install electrical devices to prevent fire and equipment damage

ii) How to size electrical components like breakers and overloads to protect 

equipment

iii) Requirement for access to electrical equipment

b) NFPA 70B – Recommended Practice for Electrical Equipment Maintenance

c) NFPA 70E – Standard for Electrical Safety in the Workplace

d) NFPA 79 – Electrical Standard for Industrial Machinery

e) NFPA 652 – Standard on the Fundamentals of Combustible Dust

f) NFPA 61 – Standard for the Prevention of Fires and Dust Explosions in 

Agricultural and Food Processing Facilities

g) Mention others, NFPA 68, 69, 77, and 499 related to 652/62 implementation

4) Basic Electromagnetics

a) How voltage is created by magnets and motion

b) How a magnet is formed by passing a current

5) Transformers

a) How they work, what they do (related back to basic electromagnetics)

b) Where you may see them in your facility, or in the parking lot

6) Motors

a) What it takes to make one work

b) DC Motors (quick review of types, basic wiring for simple PM style)

c) Universal Motors (DC, but with stator field parallel to brushes)

d) AC 3-phase Permanent Magnet (PM)

e) AC 3-phase Induction Motor

f) Servo motors

7) AC Motor On/Off Control

a) Short Circuit Protection (Breaker/Fuse) sizing per NEC

b) Overload sizing per NEC

c) Variable Frequency Drives – NOT YET!!!  Soon grasshopper…

8) Electronic Control Basics

a) What’s a switch

b) What’s a transistor

c) What’s a relay

d) What is meant by digital vs. analog

e) What is pulse width modulation (PWM)

9) Variable Speed AC Motor Control (Variable Frequency Drive)

a) Power input

b) DC Bus

c) PWM output approximating sine wave (RMS) for all three phases

d) How to change direction

e) Paramaetergeddon – WRITE ALL NON-DEFAULT AND CHANGES DOWN!!!

10) Digital Logic

a) Binary, Integer Numbers (base 2)

b) IEEE Floating Point

c) Relay pushbutton extender for high current

d) Latching on/off circuit

e) Typical Motor Control Circuit



Outline
11) Programmable Logic Controllers

a) What is a PLC and how beer helped create them

b) Typical PLC styles

c) PLC components

d) Parallels between relay logic and PLCs

12) Analog Signals

a) 0-10 VDC vs 4-20mA

b) Why shielded twisted pairs of wires

c) How 4-20mA is really variable voltage

d) Analog PLC input example, RAW data, scaling

13) Instruments

a) Flow Meters

i) Mag

ii) Corriolis

iii) TTB Calibration requirements for breweries

b) Temperature Transmitters

i) RTD

ii) Thermocouple

iii) Comparison of total accuracy and simplicity, pros/cons

14) Electrical Safety

a) Why this is important

b) How electricity can kill you

i) Shock

(1) Skin Resistance

(2) Body Resistance

ii) Arc Flash/Blast

c) Grounding

i) What is it, how does it work

d) Equipment Inspections

i) How and Why

ii) How often

e) Circuit Breaker Safety and operation

f) Ground Fault Circuit Interrupters

i) How they work

ii) Where they’re required

iii) How they save your life

g) Definition of a Qualified Electrical Worker

h) Designing Safety into your Systems (HELLO EQUIPMENT PROVIDERS)

90 Minutes…

Buckle up!



Ohm’s Law

Fluid Analogy

• Voltage (V, Volts) = Pressure

• Current (I, Amperes or “Amps”) = Flow

• Conductance = % valve is open

• Resistance (R, Ohms) = 1 / Conductance

Lines = Pipes

Pressure from 
Pump

Restriction from 
Valve

Lines = Wires

Voltage from 
Battery

Restriction from 
Resistor



Ohm’s Law

Pump provides pressure, battery provides 
voltage

Valve provides resistance, as does the 
electrical resistor

Flow is determined by pressure and valve 
opening, current is determined by voltage and 
resistance



Ohm’s Law

Voltage = Current * Resistance (V=iR)

Power = Pressure * Flow, Voltage * Current

P (W, Watts) = iV

Combined with V=iR, P = i2R

Power → heat, so devices heat from i2R



Ohm’s Law

By Per Mejdal Rasmussen - Own work, inspired by Teaching Ohm’Law to Techs by Daniel 

Sullivan, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=48171195



Series vs. Parallel
• Series – same current, but 

voltage drop across each 
resistor based on resistance

• Parallel – same voltage, but 
current through each resistor 
based on resistance

R1 R2

+  V1   - +  V2   -

+  VS   -

VS = V1 + V2

V1 = R1 * I

V2 = R2 * I

I

R1 R2

+

VS

-

I1 I2

IS

+

V1

-

+

V2

-

IS = I1 + I2

I1 = VS / R1

I2 = VS / R2 





Direct
Current

Direct Current

indicates

Single Direction Flow of Electrons

By B. Jankuloski at English Wikipedia - Transferred from en.wikipedia to Commons., 

Public Domain, https://commons.wikimedia.org/w/index.php?curid=12467710



Direct
Current

PROS

• Provides stable voltage for electronics

• Easy to store (batteries, capacitors, etc.)

CONS

• DC Motors require brushes and 
commutators, all wear parts that cause 
sparks

• Inability to increase voltage to lower i2R 
losses for power distribution

• No “zero crossings” are arguably rougher 
on devices, and less safe



Alternating
Current

Alternating Current

indicates

Regular Bi-directional Flow of Electrons

By Booyabazooka at English Wikipedia - Transferred from en.wikipedia to Commons., 

Public Domain, https://commons.wikimedia.org/w/index.php?curid=12467710



Direct
Current

Revisited

Diodes are Electronic Check Valves

Allow AC to be “Rectified” into DC



Alternating
Current

PROS

• Easy to generate in multiple “phases” that 
are out of synch with each other, allowing 
for simple motors

• Can use transformers to step voltage 
up/down to allow for efficient power 
distribution

CONS

• Difficult to store

• Efficiency a complex conversation 
involving voltage and current waveforms 
and their relation to each other
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Alternating
Current

PROS

• Easy to generate in multiple “phases” that 
are out of synch with each other, allowing 
for simple motors.

• Phases called “A”, “B”, and “C”, and each 
is a sine wave 120° from the others.
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Alternating
Current

AC Voltage is really

Root-Mean-Square (RMS) value,

Peak is higher!

By Booyabazooka at English Wikipedia - Transferred from en.wikipedia to Commons., 

Public Domain, https://commons.wikimedia.org/w/index.php?curid=12467710



Alternating
Current

Frequency is the number of times each phase 
goes through one cycle in a second.

North America is primarily 60 Hz (Hertz, AKA 
“Cycles Per Second” or “CPS”), while Europe 

is primarily 50 Hz.  Chosen to be as low as 
possible without us being able to see bulbs 

flicker.

By Booyabazooka at English Wikipedia - Transferred from en.wikipedia to Commons., 

Public Domain, https://commons.wikimedia.org/w/index.php?curid=12467710



Basic
Electro-

magnetics

Voltage generated when coil of wire sees 
changing magnetic field.

Magnetic field generated when coil of wire has 
current passed through it.



Transformers

• Two coils of wire wrapped around a common iron (ferrous) core (per 
phase) – one “input” and one “output”

• Ratio of coil wraps proportional to voltage change

• Input coil current induces 60 Hz magnetic field in coil

• 60 Hz magnetic field in coil induces voltage in Output coil



Transformers

• Typically “Dry” or “Oil Filled”

• Large, small, more than meets the eye!

Source: https://www.sgb-smit.com/

Source: https://commons.wikimedia.org/wiki/File:Polemount-singlephase-closeup.jpg Source 

https://en.wikipedia.org/wiki/Transformer#/media/File:Drehstromtransformater_im_Schnitt_Hochspannung.jpg



Transformers

• Typically “Dry” or “Oil Filled”

• Large, small, more than meets the eye!

Source: https://commons.wikimedia.org/wiki/File:Polemount-singlephase-closeup.jpg



Transformers (& Motors)

Wye                              vs                                Delta

N

120 V



Motor Basics

Motors take electricity and turn it into rotational movement.

Generally comprised of similar parts…

Fan
Stator

Rotor

End Caps w/ 

Bearings



Brushed DC & Universal Motors

Commutator 

& Brushes

Use commutator and brushes to 
align rotor’s magnetic field such 
that it produces torque in stator’s 
field.

To reverse, just switch the two 
wires feeding commutator.

In breweries, towmotors and 
tools most likely, may have 
electromagnets for stator field.

“Armature” 

on rotor



AC 3-phase Induction Motors

Loops in animation show magnetic 
fields.

Red dots on rotor are shorted bus 
bars.

Rotating magnetic field creates 
voltage and current in shorted 
bars, generating magnetic field.

Rotor must “slip” through rotating 
magnetic field, so run slightly 
slower than field is turning.



How FAST does the motor turn?
Depends on number of “poles”…

By Willplatts - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=3899711



Basics of AC Motor Control

• Short Circuit Interrupting

• Overload Protection

• On/Off Control Device

• Control Circuit



Basics of AC Motor Control



Electronics 101

• Start with a switch – physical input toggles mechanism that either 
passes (on) or interrupts (off) current.  “Switch” implies maintained.  
“Button” or “Push Button” implies momentary.

Source : https://en.wikipedia.org/wiki/Switch#/media/File:On-Off_Switch.jpg

OFF         ON



Electronics 101

• Switches can have multiple positions, different operations in different 
positions, and different types of contacts.  For instance – car ignition!

• Off – everything off

• On – everything on

• Start – accessories off, starter relay on, spring return to “On”

OFF   ACC  ON    START

OOXX
Ignition PowerBattery Power

OXXO
Accessory Power

OOOX
Starter Relay



Electronics 101

• A transistor is a switch – small current in one pin allows a large current 
to flow between the other two

• Can be used to make Transistor-Transistor Logic “gates”, such as 
“OR”, “AND”, “NAND”, “NOR”, “NOT”, etc. that are the building blocks 
of all computers



Electronics 101

• A relay is an electro-mechanically operated set (or sets) of contacts

• Think of it as an electrically operated switch

• “Normal” condition means no power applied to coil

• Two types of contacts – Normally Open (N.O.), Normally Closed (N.C)

OFF         ON COMMON

(COM)

NORMALLY 
CLOSED

(N.C.)

NORMALLY 
OPEN

(N.O.)

COIL

OFF         ON COMMON

(COM)

NORMALLY 
CLOSED

(N.C.)

NORMALLY 
OPEN

(N.O.)

COIL



Electronics 101

• Coils have a defined operating voltage – i.e. 24 VDC or 120 VAC

• DC Coils should have reverse diode in parallel – polarity matters!

• Contacts have ratings – pay close attention!  Amps <> HP!



Electronics 101

• Digital = Two Values – zero and one, off and on, etc.
• Light switch

• Motor starter (relay)

• Level Switch

• Analog = Many Values – 0-10V, 4-20mA, 3287-16383, etc.
• Light dimmer

• Variable Frequency Drive (VFD)

• Tank Pressure

• Pulse Width Modulation = Digital used to time-approximate analog
• Turn a light switch off/on fast

enough, will look dim

• Common with electric heaters

ON

OFF

TIME

100%

0%

TIME

100%

0%

TIME



Variable Frequency Drive
Remember – an AC motor’s 
speed is determined by 
FREQUENCY!

You want variable speed motor 
(pump, conveyor, etc.), then you 
have to vary the frequency.

Not mentioned earlier – strength 
of magnetic field depends on 
frequency, so to keep constant 
we vary voltage and frequency 
(V/Hz) -800
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Variable Frequency Drive
So – how do we vary voltage and frequency?  A Variable Frequency Drive!



How FAST does the motor turn?
Depends on number of “poles”…

By Willplatts - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=3899711



Living with VFDs
PARAMETERS 
ARE 
EVERYTHING!!!

Record them all 
(ideally), or 
everything 
changed from 
factory defaults.

Keep manuals 
handy!



Note about Binary
There are 10 types of people in the world; Those who understand binary and those 
who don’t.  (HINT – 0b10 in binary is decimal “2”)

Computers are build on transistors, which have two states – so everything they do 
at some level is base 2, AKA binary.  Memory just a bunch of transistors, each 
either on (1) or off (0), organized into “words” of a specific length.

MSB LSB

2^ 7 6 5 4 3 2 1 0 Check

= 128 64 32 16 8 4 2 1

0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 1 1

2 0 0 0 0 0 0 1 0 2

3 0 0 0 0 0 0 1 1 3

4 0 0 0 0 0 1 0 0 4

8 0 0 0 0 1 0 0 0 8

167 1 0 1 0 0 1 1 1 167

255 1 1 1 1 1 1 1 1 255

8-Bit Word



Floating Point Nonsense
That works for integers, but what about numbers that contain decimal points?

Enter IEEE Floating Point!

BUT…not perfect.  Precision after

the decimal point varies with magnitude

of the number.

By Vectorization: OmenBreeze - Own work based on: IEEE754.png by Ghennessey, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=87066073

By Vectorization: Stannered - Own work based on: Float example.PNG, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=3357169



Why computers?  PLCs!
This industry OWNS Programmable Logic Controllers!

The inventor, Dick Morley, invented them in 1978 DURING A HANGOVER!!!



Why computers?  PLCs!
Before PLCs, we had panels and panels full of relays and analog control circuits.



What IS a PLC?
Industrially hardened computer that runs its “logic” continuously

Typically has expandable input/output (I/O) options

Typically can handle both digital and analog signals, both in/out

Most have some sort of communication capability for IO, drives, screens, etc.

Some even safety-rated, meaning e-stop system can be PROGRAMMED! ($$$)



What are the parts of a PLC?

Power Supply
(integrated in this case)

Processor 

(PLC)
IO Cards

DC In    DC Out    Analog In (x2)   Counter (encoder)



How do you Program them?

Every manufacturer has their own software, typically unique to the 

type of PLC hardware, and/or firmware revision.

Most programmed in “Ladder Logic”, but “Function Block”, 

“Sequential Function Chart”, and “Structured Text” also options.



How do you Program them?
“Ladder”

“Rungs”

“Instructions”

“Hot Rail”          “Neutral” or “Common Rail”



How do you Program them?
“Instructions” 

AKA

“Function Block”

Input Tags
Output Tag

“Wire” or

“Connection”



Analog Signals
Talked about Digital (on/off), what about Analog (variables)?

0-10 Volt

VAI <> VPT!

RWIRE

+

VPT

-

0-100 PSI

=

0-10 Volts
PT AI

+

VAI

-

+  VWIRE -

4-20 mA

IAI = IPT!

RWIRE

PT AI

IAI

0-100 PSI

=

4-20 mA

IPT



Analog Signals
Why “shielded twisted pair” cabling for analog signals?

Regardless of type, shielded twisted pair important!

PT AI

IAI

0-100 PSI

=

4-20 mA

IPT

EMI



Temperature Signals
Two main types of temperature devices – Thermocouples and RTDs

Either type can have 4-20 mA transmitter!

Common Thermocouples Common RTDs

J                                                     JX



PLC Analog Inputs
Regardless of type, precision and update speed matter!

MSB LSB

2^ 7 6 5 4 3 2 1 0 Check

= 128 64 32 16 8 4 2 1

0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 1 1

2 0 0 0 0 0 0 1 0 2

3 0 0 0 0 0 0 1 1 3

4 0 0 0 0 0 1 0 0 4

8 0 0 0 0 1 0 0 0 8

167 1 0 1 0 0 1 1 1 167

255 1 1 1 1 1 1 1 1 255

8-Bit Word 8-bit Example

From earlier

mA 8 10 12 14 16 bit

20 255 1023 4095 16383 65535

4 51 205 819 3277 13107

0 0 0 0 0 0

1 bit = 0.078431 0.01956 0.004884 0.001221 0.000305 mA

Steps 204 818 3276 13106 52428 4-20mA

Bit % 0.4902% 0.1222% 0.0305% 0.0076% 0.0019%



Fluid Flow Transmitters

Magnetic (AKA “Mag”) 

Meter Coriolis Mass-Flow 

Meter• Fluid MUST be conductive

• High-end models have tolerance for bubbles

• Care must be taken to bond to nearby pipes
• Fluid does not have to be conductive

• Less tolerant to entrained air and bubbles

• More sensitive to up/down-stream conditions

FlowNo Flow



Flow Transmitters

Note 27 CFR 25.42 – “periodically test” means at 

least once a year!  MUST calibrate to 0.5% or better!

Most likely, this means Magnetic or Coriolis!



Relevant Standards & Codes

• NFPA 70 – “National Electrical Code” or NEC
• How to install electrical items safely so they don’t catch on fire

• NFPA 79 – “Electrical Standard for Industrial Machinery”
• How industrial equipment should be constructed so it doesn’t kill someone

• NFPA 70E – “Standard for Electrical Safety in the Workplace”
• OSHA’s “consensus standard” for all things electrical safety (more to come)

• NFPA 70B – Recommended Practice for Electrical Equipment Maintenance
• How you should maintain your equipment to prevent failures and worker injuries

• UL508A – UL Standard for Industrial Control Panels
• Proves that your control panels were built per UL guidelines at a certified shop

• UL698A – UL Standard for ICP’s in Hazardous Locations
• Combustible Dusts are Class II, mostly Division II hazard, some Division I requiring 

additional safety considerations



Relevant Standards & Codes

• Contractors
• Who is their Authority Having Jurisdiction, when were their workers last certified as 

Qualified Electrical Workers?  Examples of them using safe work practices?

• When was their last NEC knowledge assessment?

• What type of PPE do they have, when was it cleaned and inspected?

• What energized work are they going to perform, and why aren’t they de-energizing?

• Equipment Builders
• Verify panels are UL508A or UL698A certified

• Discuss equipment location and hazards present as early as possible

• You
• Realize as an employer you are on the hook for NFPA 70E safety compliance!



Electrical 
Safety



Why Electrical-focused Safety!?
• OSHA’s “Fatal Four” accounted for 63.7% of all work-place fatalities in 2016.  

Those are (#):
1. Falls (384)

2. Struck by Object (93)

3. Electrocutions (82)

4. Caught In/Between (72)

• Of those 4 types of incidents, electricity arguably makes for the scariest 
“near-misses”.  The following can happen, but not be fatal:

• Exterior 2nd and 3rd degree burns from arc flash or shock

• Explosion of tissue from shocks involving high current

• Internal 4th degree (deep tissue) burns from shock

• Fibrillation of the heart

• Clamping of the heart and diaphragm

• Permanent nerve damage resulting in severe chronic pain



General Electrical Safety

Electrical extension cords should be rated 

for the load attached to them.  In general, 

do not plug large device cord into smaller 

extension cord.

2-wire “lamp” extension cords only to be 

used with decorative lights or desk lamps.

Outlet strips must be plugged directly into 

a wall receptacle.

Not to be used for permanent installations.

Inspect before use and after suspected 

damage.

All electrical equipment should be 

grounded (3-prong) or double insulated.



General Electrical Safety

CB’s prevent circuit overloads that cause fires.

Rated in Amperes, AKA “Amps” or simply “A”

Handle Positions:

If TRIPPED, turn OFF.

If 50A or less breaker OFF and needed ON:
• Only turn on after suspected problem resolved

• Must have long-sleeve 100% cotton shirt and pants, 

safety glasses, and a leather glove on operating hand.

• Place operating hand on breaker handle, move body 

arm’s length away

• Look in opposite direction and take a very deep breath

• Turn breaker on

• Notify electrical department of breaker location

• If it trips again – DO NOT TOUCH, CALL MAINTENANCE

GFCI devices prevent electrocution by making sure the 

current going out the “hot” wire is equal to the current 

coming back the “neutral” and disconnecting power if 

not.

Can be receptacle, breaker, or portable:

REQUIRED for all plug-in devices within 6 feet of sinks, 

tubs, showers, and exterior outlets.

To RESET, follow same procedure as CB’s



Two Ways to Die from Electrons

An electrical shock occurs when current passes through your 

body.  Most outlet circuit breakers are 20 Amps, yet it takes only 

20 milli-amps (1/1000th the breaker’s rating) to cause severe 

pain, and 100 milli-amps to clamp the heart and diaphragm 

which can result in electrocution (death by shock).

To prevent shock, never open electrical panels, always inspect 

cords and equipment before plugging in or turning on, use GFCI 

devices, and avoid damaged electrical equipment.

An Arc Flash is the sudden release of energy as a result of an electrical 

fault.  Temperatures can reach 35,000 °F, or 10 times hotter than the 

surface of the sun.  This vaporizes the metal conductors, causing an 

explosive force known as an Arc Blast.  To avoid injuries, leave all work 

on electrical equipment to Qualified Electrical Workers and avoid 

electrical work areas defined by them using cones and caution tape.  

These are set up at or beyond the arc flash boundary, which is the 

distance 2nd degree burns are likely should a fault occur.



An LED’s Current can Kill You!
So if a small current can kill me, why doesn’t it!?  Skin!

Dry skin, with a minimum resistance of 100kΩ, 

prevents low voltages from being perceived (3 

mA).

Voltage 5% 50% 95%

25 1750 Ω 3250 Ω 6100 Ω

100 1200 Ω 1875 Ω 3200 Ω

220 1000 Ω 1350 Ω 2125 Ω

1000 700 Ω 1050 Ω 1500 Ω

Voltage 5% 50% 95%

25 0.014 0.008 0.004

100 0.083 0.053 0.031

220 0.220 0.163 0.104

1000 1.429 0.952 0.667

 = Resp. Paralysis, Fibrilation

 = Clamped Heart & Diaphragm

Dry Skin Resistance

Current

Key

 = Muscle Contractions & Pain

 = Can't let go



But skin resistance isn’t much help
Nothing is a perfect insulator – as voltage goes up, skin breaks down!

Lightning happens when very high static electricity 

potential (voltage) turns air, which is normally an 

insulator, into a conductor.

Similarly, when the voltage gets high 

enough your skin will conduct.  

Without your skin, you’re essentially 

salt water – which is a very good 

conductor!

If you receive a perceivable shock, you should seek medical attention!  EKG and blood test to detect 

internal damage are standard – EVERY SHOCK CAN BE DEADLY!!!



Ground Fault Circuit Interrupters



Arc Flash & Arc Blast
Have a blast at work, don’t experience a blast at work!

Arc Flash – explosive release of energy as a result of an electrical fault

Arc Blast – pressure wave resulting from the intense heat and expanding metal caused by an Arc Flash



Arc Flash & Arc Blast
Have a blast at work, don’t experience a blast at work!

Arc Flash – explosive release of energy as a result of an electrical fault

Arc Blast – pressure wave resulting from the intense heat and expanding metal caused by an Arc Flash



Arc Flash & Arc Blast
Have a blast at work, don’t experience a blast at work!

Arc Flash – explosive release of energy as a result of an electrical fault

Arc Blast – pressure wave resulting from the intense heat and expanding metal caused by an Arc Flash



Arc Flash PPE
If you aren’t sure, you’re NOT a QEW (sorry)!



DESIGN FOR SAFETY
EQUIPMENT MANUFACTURERS – THIS IS FOR YOU!!!

Separate Hazardous (>50) and Non-Hazardous (<50) Voltage Panels!

Panduit ® Absence of Voltage Verification units on Hazardous Panels, or…

Plug-supplied equipment, allows for complete separation of conductors



THANK YOU!
John Blystone, PE

JohnB@greatlakesbrewing.com

Blystone.PE@gmail.com
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