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Packaged Systems 
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Two full time Mechanical Engineers 
Licensed in OR, WA & ID 
 
SolidWorks & E-Drawings Viewer 
 
AutoCad Compatible Drawings 
 
All Systems UL QCZJ Listed 
 
Designed to HI Standards 
 



Manufacturing Facility Canby, OR 



Installation, Maintenance & Repair 
 
 9 Full Time Service Technicians 
 3 Full Service Shops 
 6 Service Trucks 
 23 Ton Crane Truck 
 8 Ton Crane Truck 
 3 Ton Crane Truck 
 2 Ton Flatbed & Trailer 
 1 Ton Flatbed & Trailer 
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Variable Speed 
Pumping 
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Variable Speed 
Pump Side 

Control 
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Variable Speed 
Motor Side Control 
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Variable Speed 
Today  
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Process Control 
 

 

A “process” is a systematic series of actions 
 that result in a desired end product.  

A process should be repeatable and provide 
 the same result each time it is performed. 

“Control” is the application of direction or 
 restraint on how that process proceeds. 

Control supervises the actions of the process.  
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Process Control 
 

Boolean Logic 

 
Developed by an English mathematician 
named George Boole in the early 1800’s 

Uses simple operators such as “if, and, 
or, not, and then” to form precise and 
logical statements that test the truth 

of a series of events. 

It is the basis for the design of all control systems 
and several modern programming languages.  
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Process Control 
 

Boolean Logic 
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Process Control 
 

Boolean Logic 

 

Relays 
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Transistor 



Process Control 
 

Control Loops 

 

SPRINKLER 

TIMER

SPRINKLER 

VALVE

AC

POWER

Open Loop 
Closed Loop 
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Smart & Not So Smart Control 

CONTROL HEATER

THERMOSTAT



Process Control 
 

Closed Loop On / Off Control 

 

CONTROL HEATER

THERMOSTAT

Closed Loop On / Off 
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Process Control 
 

Closed Loop Proportional Control 

 

Closed Loop Proportional 
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Variable Frequency 101 

 What is an AC Variable 
Frequency Drive 

 The AC Sine Wave 

 The Rotational Field 

 AC drive components 

 Inverter Output 

 Effective Voltage 

 Potential Problems 

 Pump Control 

 Application Examples 
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The VFD -- What & Why 

 What 

 

 A VFD converts incoming 
AC power to DC and then 
produces DC pulses that 
emulate the AC sine wave. 

 

 Its purpose is to allow 
changes in AC frequency, 
and motor speed, at its 
point of use. 

 

 Why 

 

 Increased energy savings 
for pumps and fans 

 Improved process control 

 Reduced stress through 
soft start & stop 

 Improved electrical system 
power factor 

 Balanced Voltage & Current 

 Phase conversion 
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Three Phase Curve 



Three Phase, Two Pole Motor 

Synchronous Speed 
3600 RPM 

 
 

RPM = 120 x f / # Poles 
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VFD Components 

PLC 
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PWM Inverter Output 
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PWM Inverter Output 
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PWM Inverter Output 
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PWM Inverter Output 
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Effective Voltage 
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Volts per Hertz 
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Potential Problems  
There is no such thing as a free lunch 

 

 Insulation Stresses 

 Harmonic Distortion 

 Bearing Currents 

 Resonant Frequency 
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Problems - Insulation Stress 

 Causes 
 

 Thermal Stress 

 Overshoot 

 Reflected 
Voltage 

 Ringing 
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 Fixes 
 

 Cable Length 

 Load Reactors 

 Load Filters 

Problems - Insulation Stress 
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 Reflection 

Problems - Insulation Stress 
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Problems - Harmonic Distortion 

 
What’s good for the goose ain’t necessarily good for the gander. 
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Problems - Bearing Damage 

 High frequency current forms 
due to high speed switching 

 

 EDM (electrical discharge 
machining) causes fluting 

 

 EDM depends upon bearing 
impedance 

 

 Eliminate by 1) proper cabling, 
2) breaking bearing current 
loop, 3) filtering the high 
frequency current 
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Resonant Frequency 

 The frequency at which a body begins to vibrate 

 

 Everything in nature has a resonant frequency 

 

 Examples – the wine glass, lineshaft turbines, 

 submersible turbines, centrifugals 
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First Critical Speed 

Pump ED 101 

NC = 187.7 / √f 

NC is the first critical speed in RPM, f is deflection in 
inches and 187.7 is a constant.  If static deflection is in 
mm, substitute 946 for 187.7. 
 

At a maximum deflection of 0.006” the first 
critical speed is approximately 2420 RPM. 

glass.mov


VFD Pump Control 

  Humans are analog      
Computers are digital 

0.005 

0.000025 

2X 

200X 

Pump ED 101 



VFD Pump Control 

Humans are analog 

Computers are digital 
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The VFD Monitors: 
 

* Pressure 
 

* Frequency 

higher lower 

The VFD Controls 
Pressure Via PID: 
 

* Proportional 
* Integral 
* Derivative 

Constant Pressure 

Pump ED 101 



Affinity - The Laws 

 Flow is directly proportional to a change in speed     
F = dS 

 

 Head varies as the square of a change in speed        
H = dS2 

 

 HP varies as the cube of a change in speed                 
HP = dS3 
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Proportional Control 
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Proportional / Integral Control 
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Derivative Control 

Pump ED 101 

88

90

92

94

96

98

100

102

0 0.5 1 1.5 2 2.5 3 3.5 4

%
 P

re
s

s
u

re
 C

h
a

n
g

e

Time In Seconds

Derivative Control

The Derivative of PID Control 
The “How Quickly” Function 



P, PD, PI & PID Control 
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PID PI 



Centrifugal VFD Applications 

 Phase Conversion / Current Balance - 
Soft Start / Stop 

 Constant Pressure  cp/vf 

 Constant Flow  cf/vp 

 Variable Flow  vf/vp 

  Level Control  vf/cp 

 Growth in Demand (Head & Flow) 
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Regardless of the Application 

 
 Soft Start & Stop 

 
 Lower Locked Rotor Current 
 Lower Mechanical Stress 
 Lower Hydraulic Stress 

 Longer Life  

A point on the periphery of a two pole, 11.5” 
diameter rotor accelerates to 180 fps (123 MPH) in 

about 1 second. 
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Three Phase Starting 
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Regardless of the Application 

Power Factor Correction 
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Balanced Voltage 

458 / 458 / 458 
 

versus 
 

462 / 465 / 447 
 

2.4% Unbalance 



Variable Frequency 101 

Joe Evans, Ph.D 

  

Want to learn more? 
 

Visit   www.PumpEd101.com 
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