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Professional Development Seminar Series

Standby power systems are increasingly in demand. Commercial, industrial, municipal and healthcare facilities
are just a few of the markets that require backup power. Generator control systems are a crucial part of the
process when designing a system.

The ever-changing requirements of the power generation industry, coupled with requests for additional training,
has prompted Generac Power Systems to develop this training program.

Titled the Generac Power Systems Professional Development Seminar Series, this program consists of individual
training modules that provide both theoretical and practical information. Each module is 90 minutes in length and
gach incorporate proven learning methodology to ensure a positive experience. These modules are designed to
broaden the learner’s understanding of topics such as:

* Current Technologies

* Sizing

* Codes & Standards

* Switching Technologies

* Reliable Design Characteristics
e Paralleling

* Engines and Alternators

« Controls

e Emissions

PROFESSIONAL DEVELOPMENT SEMINAR SERIES LEARNER’S GUIDE GPS-180 Controls




THE MODULE IN PERSPECTIVE

PURPOSE:

The purpose of this course is to provide you with a basic overview of the various control functions associated
with generators. You'll see how control panels have evolved over the years. You'll learn the important role the
control panel plays in sensing, controlling, monitoring and protecting. Intelligent communications will also be
covered including, data logging, trending and predictive maintenance.

TIME:

90 minutes of Classroom Instruction
30 minutes for Final Assessment

LEARNING OBJECTIVES:

Upon completion of this module, participants will be able to:

* Explain how speed governors operate

* Describe the function of the ECM (Engine Control Module)

* Describe the function of the AFR (Air-Fuel-Ratio) control

* Explain the purpose of a Float Equalized Charger

* Explain how a voltage regulator works

* List and describe the typical functions a control panel

* Describe four key design features for control panels

* Explain how a 4-20 ma sensor operates

* Describe the advantages of current sensors over voltage sensors

* Explain the benefits of integrating all control functions into a single circuit board
* Explain “Predictive Maintenance” as it applies to control systems

* Explain synchronizing as it applies to paralleled generators

* Describe how load sharing is controled when paralleling generators
» Describe the differences between real and reactive power

* Explain protective relaying in paralleled generators

CONTINUING EDUCATION:

Upon successful completion of this seminar, participants will be awarded a certificate of achievement
identifying the seminar title, 2.0 PDHs (Professional Development Hours) and 0.2 CEUs (Continuing

Education Units).
Successful completion of a PDSS seminar requires that the participant have:

1. Attended the complete seminar
2. A minimum score of 80% on the Final Assessment
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TRAINING AT A GLANCE

TIME

LESSON

DESCRIPTION

5 minutes

Introductions

Participants and trainer should become briefly
acquainted. The trainer welcomes participants and
conducts an opening icebreaker activity.

15 minutes

Lesson 1

Engine Controls

This lesson will discuss the control functions directly
tied to the engine operation. Controls covered include
governors, ECMs, AFRs and battery charging.

30 minutes

Lesson 2

Genset Controls

This lesson will discuss the control functions associated
with the genset. Control elements covered include analog
and digital control panels, communications, voltage and
current sensors, predictive maintenance and protection.

35 minutes

Lesson 3

Paralleling Controls

This lesson will discuss the control functions associated
with paralleling of generators. Control elements covered

will include synchronization, load sharing, protection and
integrated paralleling design.

5 minutes

Conclusion

The trainer will review the objectives of the class and
discuss how each objective was accomplished. An
evaluation will be given out with which participants can
provide feedback about the course. An assessment will
also be given to each participant to evaluate the skills
and knowledge they received from the course.
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INTRODUCTION

TIME: 5 minutes
OBJECTIVE:

The introduction is an opportunity for the trainer and participants to become familiar with each other. This
period will discuss the topics to be covered, capture initial questions and introduce generator controls.
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INTRODUCTION

NOTES
What you will learn

Upon completion of this seminar, participants will be familiar with generator
controls. Specifically, they will be able to:

+ List key elements integral to the genset controller functioning

« Identify functions necessary to parallel generators together

+ Understand how paralleling to the grid is fundamentally different than gen to gen

+ Explain multiple methods of load sharing between generators

+ List advantages gained through controller integration
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What You Will Learn

INErOAUCHION. ..

ENgine CONtrolS.........coovvevvvnienniccnceencees 15 min
Genset CONtIOIS ........c.cvevvieiereer e 30 min
Paralleling CONtrols............cccverrnnniriceeeeerseenes 35 min
WIEBP-UP oo 5 min
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INTRODUCTION

NOTES

Control Functions (engines)

+ Governor
- Engine speed/alternator frequency

* ECM (engine control module -- diesels)
- Controls engine fuel injection & engine protection

+ Ignition control (spark-ignited engines)
- Controls spark plug ignition timing

* AFR (air-fuel-ratio control - spark-ignited engines)
- Balances air & fuel for stoichiometric operation (not rich or lean)

+ Battery Charging

— Maintains battery charge
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Control Functions (genset)

* Regulator
- Alternator voltage control

+ Genset controller
- Starting, stopping, & monitoring
- Engine protection (NFPA 110 defined)
- Alternator protection (controller dependent)
- Includes wire harness and various sensors
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INTRODUCTION

NOTES

Control Functions (parallel generation)

+ Synchronizer
- Aligns the phases and issues close-in command

* Load-share module (kW)
- Connects to governor and between modules to balance engine power levels

+ Load-share (kVAR)

- Connects regulators to balance alternator excitation levels

* Protection

GENERAC | INDUSTRIAL
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1. ENGINE CONTROLS

TIME: 15 minutes
OBJECTIVES:

Upon completion of this lesson, participants will be able to:
* Explain how speed governors operate
» Describe the function of the ECM (Engine Control Module)
* Describe the function of the AFR (Air-Fuel-Ratio) control
* Explain the purpose of a Float Equalized Charger

NOTES
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Engine
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GPS-180

Controls

Speed Governors (historically)

* Mechanical governors
- Fly-balls
- Mechanical governors still built into some diesel mechanical injection systems

GENERAC | INDUSTRIAL
——————R

Professional Development Seminar Series - Controls

LEARNER’S GUIDE GPS-180 Controls PROFESSIONAL DEVELOPMENT SEMINAR SERIES




1. ENGINE CONTROLS

NOTES
Speed Governors

* Mechanical governors “droop”
- Engine slows down when load is increased
- Slope of the line is the droop value
— The position of the line is the speed set - “speed reference”
« Increasing speed spring tension causes the engine to run faster
« Tortoise and Hare on your push lawnmower
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615 + T : AND BUS
----SET spegy, e : /FREGUENCY
60.0 - e ===+
—sEr — :
\ N -~—§f§_E_Q; : DIESEL GENERATOR
585 - “ RUNNING Tl 5% DROOP GOVERNOR
CONDITION Teeea” - VARIOUS SET SPEEDS
s7.0 L  ATTIMEOF -
PARALLELING
0% GENERATOR LOAD 100% kW,
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Speed Governors

+ Electronic governors
- Electronics & Actuator
- Electronics may be integrated or stand alone
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1. ENGINE CONTROLS

NOTES
ECM (engine control module) -- diesels

+ ECM
- Controls electronic injection (emission compliance)
- Monitors operating temperatures and pressures
- Communicates with “CAN-bus” (J1939 data protocol back to genset controller)

Professional Development Seminar Series — Controls

Ignition control (spark-ignited engines)

+ Controlling the firing of the spark plugs
- Historically mechanically controlled by distributor
- Electronic ignition is market norm

+ Coils and ignition module

« Ignition module may be integral or external

Professional Development Seminar Series — Controls
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1. ENGINE CONTROLS

NOTES

Air-fuel-ratio (spark-ignited engines)
* AFR control

- Creates the optimal mix of air and fuel in the engine

- Required when using 3-way catalytic convertors for emission control
- Oxygen sensor in exhaust stream

- Fuel mixture controlled via vacuum control of regulator diaphragm

- AFR control module may be integrated or external
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Battery charging

+ Float equalized charger
Maintains battery charge
Equalizes cells for maximum cranking amps
Usually 10 amps

Integrated or external

+ Engine charging alternator
- Fast battery recovery after cranking
— Adds reliability to system (failed charger)

GENERAC' | INnDUSTRIAL
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2. GENSET CONTROLS

TIME: 35 minutes
OBJECTIVES:

Upon completion of this lesson, participants will be able to:
* Explain how a voltage regulator works
* List and describe the typical functions a control panel
* Describe four key design features for control panels
* Explain how a 4-20 ma sensor operates
* Describe the advantages of current sensors over voltage sensors
* Explain the benefits of integrating all control functions into a single circuit board
* Explain “Predictive Maintenance” as it applies to control systems

NOTES
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Genset
Control

Functions

GPS-180

Controls

Voltage Regulator

+ Voltage regulator
- Monitors alternator output voltage
- Controls the magnetic field strength of the alternator

STATIONARY ROTATING STATIONARY
[F+] 1 :
1 1 Output
1
AVR FIELD 1 ' GENERATOR voltage
! : sensing
_ 1
(=] ] i
ROTARY
| EXCITER
Sensing lines
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2. GENSET CONTROLS

NOTES
Voltage Regulator

Regulator hardware
- Integrated
- Stand alone (digital or analog)

Typical analog regulator
— Regulation: 1.0%
- Single phase, peak sensing

Typical digital regulator
— Regulation: 0.25%
- Three phase, RMS sensing
— Engine unloading algorithms
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Control Panels

+ What does a control panel do?
- Controls (starting and stopping)
- Monitors and displays (meters, gauges, display screens)
— Warns (temp, press, level, ...)
— Protects engine

Historical Control

- Protects alternator

- Advanced functionality

- Communicates remotely

- Integrated control
« Voltage regulation, speed governing
« Air-fuel-ratio control, Ignition, battery charging
« Synchronizing, load balancing, protection

s Digital Controls

Toda
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2. GENSET CONTROLS

NOTES
Control Panels

Early panels limited to NFPA 110 defined functions

Traditional Analog Control Panel
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NFPA 110 Alarm & Warning Requirements

Table 5.6.5.2 Safety Indications and Shutdowns

Level 1 Level 2
Indicator Function (at Battery Voltage) v s RA v s RA
(a) Overcrank X X X X X o
(b) Low water temperature X NA X X NA o
(¢) High engine temperature pre-alarm X NA X o NA NA
(d) High engine temperature X X X X X o
(e} Low lube oil pressure pre-alarm X NA X o NA NA
(£) Low lube oil pressure x X x X X o
(g) Overspeed x X x X X o
(1) Low fuel main tank X NA X o NA o
(1) Low coolant level x o X X o X
(j) EPS supplying load X NA NA o NA NA
(k) Control switch not in automatic position X NA X o NA NA
() High battery voltage x NA NA o NA NA
(m) Low cranking voltage X NA X o NA o
(n) Low voltage in battery x NA NA o NA NA
(0) Battery charger ac failure X NA NA o NA NA
(p) Lamp test x NA NA X NA NA
(q) Contacts for local and remote common alarm X NA X X NA X
() Audible alarm silencing switch NA NA X NA NA o
(s) Low starting air pressure X NA NA o NA NA
(1) Low starting hydraulic pressure X NA NA o NA NA
(u) Air shutdown damper when used X X X X X o
(v) Remote emergency siop NA X NA NA X NA

CV: Control panel-mounted visual, S: Shutdown of EPS indication, RA: Remote audible. X: Required. O: Optional. NA: Not applicable
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2. GENSET CONTROLS

NOTES
Control Panels

* Market migration
- Analog to digital
- Standardized (NFPA 110 Level 1)
— Display types
- Advanced features

GENERAC | INDUSTRIAL
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Reliability: Hardened systems

+ Flexibility: Site and application customizable

+ Diagnostics: Minimize repair time

+ Usability: Easy to use and interface

GENERAC | nDusTRIAL
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2. GENSET CONTROLS

NOTES
Sealed Plug Connections

+ Traditional open connections
- Corrosion over time corrupts sensor signals
- Many ring terminal connections

+ Sealed plug connects protection against
- Corrosion and environmental degradation of control circuits
- Age deterioration and moisture related failures
— Supports fast end-user repairs with on-site spare parts

GENERAC | INDUSTRIAL
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Hardened Feedback Signals

+ Traditional sensor signals
- Resistive sensors with voltage based feedback
- Sensitive to:
« Connection corrosion
« Electrical noise (EMI and RFI)

+ Next level of performance (4-20 ma sensors)
- Greatly improved noise immunity
- Tolerant of connection corrosion
- Unaffected by long sensor runs
- Positive indication of sensor failure

GENERAC' | INnDUSTRIAL
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2. GENSET CONTROLS

NOTES
Hardened Boards — Noise Immunity

+ Traditional open boards
- Sensitive to:
« Corrosion
« EMI, RFI, ESD
« Potentiometer "tweakers"

+ Next level of performance (all digital sealed board)
- Electrical and environmental protection

GENERAC | INDUSTRIAL
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Hardened Boards - Vibration & Thermal

+ Traditional component layout
- Sensitive to:
« Vibration
« Thermal stress

* Next level of performance
— Surface mount component layout
- Separate power/thermal elements

GENERAC' | INnDUSTRIAL
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2. GENSET CONTROLS

NOTES
Integration of Control Functions

+ Traditional controller configuration
— Separate controller for each function
« Speed governor, Voltage Regulator, Genset monitoring
« Synchronizing, Load-sharing, Protective relaying

+ Next level of performance
- Integration of all functions into single hardened controller (less to fail)

Generator PLC
Control Logic

Bi-fuel

Controller

Load Share Module
(kW)

Voltage
Regulat
cguator - Load Sharing
Integrated Solution (kVAR)

Protective
Relayin;
Speed ying
Governor
Auto Digital
Synchronizer Communications

Professional Development Seminar Series - Controls
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Easy to Use Interfaces

+ Traditional controller configuration
- Limited display (2 lines)
- Reliance on fault code numbers

+ Next level of performance
— Comprehensive displays (8 lines)
- Intuitive interfaces (touch screens) - -
- Faults (worded descriptions)
- Diagnostic screens

GENERAC ‘ INDUSTRIAL
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2. GENSET CONTROLS

NOTES
Enhanced 1/0 Control

¢ Input “channels”: Benefit

- Curve fit all input parameters Greater accuracy

- Customized events, alarms or warnings Identify potential problem early
- Instantaneous and steady state trip points Flexibility

- User definable Reliability

' Analog Input Channel =lolx|

Channel Text Scaling
Channel ID  [i5 Coefficients 1 [o Calibration [1.0000
DisplayTex  [BATTERY VOLTAGE Coefficients2  [1024  Scaling [2@s18
Unita Text [Vors Coofficionted [
Output as Analag Channel Function fonEaR— ]

Analag Assign [aNALOG_oUT o1 =l Event Logging
Trending (Bt Sl a ¥ Log Cvent

I~ Choose this option to Trend this Channel Event Comparision  [LT -
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Customizable Spare 1/0

+ Traditional controller capabilities
- Limited spare 1/0
- Fixed functionality

+ Next level of performance
- Significant spare and expandable 1/0
- Configurable and additional functionality
- Programmable functionality

ol T
L

i o e

Rung Edit Operation,

Rung Logical Operation

7%7-”— ﬂ INSERT ’—3 ]
[ ]
i =
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2. GENSET CONTROLS

NOTES

Communication & Interfacing

+ Traditional communication capability
- Limited communications and specialized communication protocol

+ Next level of performance
- Spare communication ports and universally supported protocol (Modbus)
- Support for modem or Ethernet connectivity
— Canbus (SAE J1939) support for integration of engine management systems

X
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Data Logging & Trending

+ Traditional data log
- Combined events and alarm logs
- Limited to no trending capabilities

ot oo !

AR

it

5..vial

B

it

* Next level of performance
— Time stamped (real time clock) event and alarm logs with key operating conditions
— Full data trending capability (built in strip chart recorder)
- High speed data capture functionality (waveform analysis and advanced diagnostics)
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2. GENSET CONTROLS

NOTES
Protection

+ Traditional protection
- No support for instantaneous and steady state alarm points
- Limited to alternator protection algorithms

* Next level of performance
— Support customizable alarm points on every controller input

- Support instantaneous and steady state alarm points

- Alternator thermal predictive modeling and protection

+ Moving beyond simple It short circuit

t Thermal Protection Settings

Attemator Size ) S ron
S T |
UnitRated Power (%) O
e s I

Rotor Percent Themmal Lt | %

Bar Thermal Percent Liit %
Pint Close Help
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Predictive Maintenance

+ Traditional
- No support for predictive maintenance
- Standby generator reliability is significantly impacted by lack of PM

* Next level of performance
- Predictive maintenance with monitoring, alarming and call-out capabilities

it O Fer e =
CydeType  [Engine Hours =] g [DateTime =] | CycleTywe [T NNNN-] WA B
Installed ot g [7972008 Installed ot o O
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2. GENSET CONTROLS

NOTES
Protection

Alternator Thermal Damage
* Overload Damage Curve (I 4=90) Zone
- Gensets are engine limited 100
- Alarm at 90% load
+ Short circuit 10 1
- Generator breaker?
- Field circuit breaker? Seconds \
- Control panel protection 1
— Good installation practices ~ Alternator Current
Decrement Curve —_|
(Line-Line Short) \
0.1

025 =
1 10

Amps (per unit)
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3. PARALLELING CONTROLS

TIME: 35 minutes
OBJECTIVES:

Upon completion of this lesson, participants will be able to:
* Explain synchronizing as it applies to paralleled generators
* Describe how load sharing is controled when paralleling generators
* Describe the differences between real and reactive power
* Explain protective relaying in paralleled generators

NOTES
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Paralleling

Controls

GPS-180

Controls

Synchronizing

+ Electrically locking two “machines” together
- Voltages matched
- Frequencies matched + Slip frequency offset
— Phase angles matched

. PHASE VOLTAGES
X\ MATCHED PHASE VOLTAGES MATCHED

PHASE VOLTAGE
:[MISMATCH , v PHASE ANGLES MATCHED
o N / v

PHASE ANGLE
MISMATCH

PHASE ANGLE
MISMATCHED

SYNCHRONIZED
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3. PARALLELING CONTROLS

NOTES

Synchronizing

+ Automatic synchronizers provide:
- Adjust speed of incoming generator set.
- Match frequencies & phase angles.
- Provide breaker close signal
- Optional voltage matching control.

ENGINE
GEN. INCOMING GOVERNOR
-, VOLTASE| | erequency .
7 COMPARITOR | SPEEDT i
VOLTAGE AVR
COMPARITOR
BUS VOLTAGE
~ PHASE | — > VOLTAGET i
ANGLE | / _
cowparior |\ K1 )
— T
AUTO OR MANUAL, ‘
GENERATORBREAKER | CC | | I
CLOSE SIGNAL <) !
— T
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Load Sharing -- Balancing the Triangles

Y

\ c% \

kW
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3. PARALLELING CONTROLS

NOTES

Load Sharing -- Balancing the Triangles

kVA2 = KVAR? + kW2
PF = kW / KVA
PF = Cos (6)
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Understanding Load Sharing

Understanding the End

/ Points [

Standby Generator Gen to Gen Grid Connected
Isolated Paralleling Infinite Generator
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3. PARALLELING CONTROLS

NOTES

Load Sharing (real power system)

+ What determines/controls frequency?
- Isolated? -- Governor
- Grid connected? -- Grid

+  What determines/controls kW?
- Isolated? -- Load
- Grid connected? -- Governor

GENERAC | INDUSTRIAL
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Load Sharing (reactive power system)

*  What determines/controls voltage?
- Isolated? -- Regulator
- Grid connected? -- Grid

* What determines/controls kVARs?
- Isolated? -- Load
- Grid connected? -- Regulator

*  What determines/controls PF?
- Isolated? -- Load
- Grid connected? -- Regulator

GENERAC' | INnDUSTRIAL
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3. PARALLELING CONTROLS

NOTES

Real Versus Reactive

Symmetrical Systems:

Real Power System Reactive Power System
kw = kVAR
Frequency = Voltage
Governor = Regulator
Engine fuel = Alternator excitation

Note the answers and questions from previous slides.
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Load Sharing (Two things to control & two ways of doing it

* Load Sharing (Matching)
- Real Power (kW)
« Isochronous load sharing or speed droop
- Reactive Power (kVAR)
« Reactive cross current or voltage droop

kw

Z‘ ’l kVA INDUCTIVE
kVAR (LAG)

NET KVAR
(LAG)

ENGINE

[ GENERATOR

‘ KVA CAPACITIVE
(LEAD)
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3. PARALLELING CONTROLS

NOTES

Load Sharing (Isochronous operation)

+ Isochronous governors
- What happens if two are connected together??

(0-100%)
Must be 0 Thrcl.wtltle Power Speed
1 . Posmon (kW) X
Speed y | l W\ l L\
Reference | PID A "

(90 - 110%)
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Load Sharing (Isochronous load sharing)

+ Balances real power
+ Maintains speed at 60 hertz
+ Historical industry norm — fundamentally is inherently unstable

SPEED ADJUST T SPEED ADJUST

v
kW LOAD
% 9 bk SHARING
32 MODULE
i3

«— FUEL (SPEED)
BIAS SIGNAL

KW LOAD
Ik sHARING
MODULE
cT 3 % LOAD SHARING er 3
LINES

¢ «— FUEL (SPEED)
BIAS SIGNAL AUTOMATIC
VOLTAGE
REGULATOR

AUTOMATIC
VOLTAGE
REGULATOR

GENERATOR #1 GENERATOR #2
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3. PARALLELING CONTROLS

NOTES

Load Sharing (Understanding droop)

(0-100%)
Must be 0 Thrlotltle Power Speed
Position (kW) l
Speed l | N S\
Reference | " " B
(100 - 105%)
(0-100%)

(:05)
Note:
Speed = - Droop (kw) + Speed Ref y=-m(x)+b

Droop is the slope
Speed Ref is the intercept
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Load Sharing (Understanding droop)

+ Speed droop graphical representation

+  Will two speed droop governors share load?
- What is the negative consequence?

Hz A
63.0 .
S~ __SI .
’~§I§P§§D FIXED UTILITY
61.5 4 ___ SE TTeeal AND BUS
—---SETspgg, ! T : FREQUENCY
60.0 G . —==
—___SET
\ LSPEEp — DIESEL GENERATOR
58.5  RUNNING R =5 5% DROOP GOVERNOR
CONDITION Al - VARIOUS SET SPEEDS
5704  ATTIME OF ; Teeeld
PARALLELING :
0% GENERATOR LOAD 100% KW,

Speed = - Droop (kw) + Speed Ref

GENERAC' | INnDUSTRIAL
==
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3. PARALLELING CONTROLS

NOTES
Load Sharing (Understanding droop)

+ Market needs and perceptions
- Wants isochronous operation
« Maintain 60hz at all load points
- Views droop as “out-dated technology”

+ How does the power grid operate?
- Isochronous load sharing or speed droop?
* Why?
« What benefits are gained?

GENERAC | INDUSTRIAL
——————R

Professional Development Seminar Series - Controls

Load Sharing (How the grid works)

Speed = - Droop (kw) + Speed Ref

(0-100%)

Must be 0 Throttle Power
Position (kw)

S

| PID

Speed

Speed
Reference
(100 - 105%)

—>

(0-100%)

(.05)

Slow outer control
loop or SCADA

Tweak system
References

le———  System Generation

e———  System Load

GENERAC' | INnDUSTRIAL
==
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3. PARALLELING CONTROLS

NOTES

Load Sharing (Reactive load balancing)

+ Load sharing (reactive)

- Reactive droop (varying voltage)
+ Voltage = - droop (kVAR) + voltage reference

— Reactive cross current (constant voltage)

LOAD BUS LOAD BUS
(" 5261 52.62 )

GENERATOR #1 GENERATOR #2 GENERATOR #1 GENERATOR #2
REACTIVE DROOP COMPENSATION CROSS CURRENT COMPENSATION

GENERAC | INDUSTRIAL
——————R

Professional Development Seminar Series — Controls

+ Controller complexity constraints of traditional implementation?

1 - 2 Controllers 4 - 6 Controllers 4 - 6 Controllers

'

! Master Control (PLC) | Engine / Gen Controller Engine / Gen Controller

' 1

! Interface 1 Governor Governor
-------------------------------------- it I
Protective relay (option) E Load share module 1 —t E Load share module

' ' .
' 1+ Synchronizer
L L Ty pepp [ L LTy

Regulator :.7_;-: Regulator

Protective re];fy(sj

GENERAC ‘ INDUSTRIAL
==

Protective relay(s)
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3. PARALLELING CONTROLS

NOTES

Controller count reduction via integration

+ Controller issues are corrected
- Anintegrated, all digital approach
« Reduces interconnected wiring
+ Proven hardware & software (not one-off designs)
« Removes calibration issues (self tuning)
« Enhances load balancing stability (inherently stable algarithms)
« Improves tolerance to electrical noise (no load share lines)

« System remains operational without master control m
Control
Load Share Module

« Maximizes system reliability

U]
=
Govemor
=
Synchvonizer Conmurications:

GENERAC | INDUSTRIAL
——————R

Professional Development Seminar Series — Controls

Load Sharing -- Protection

(+kVAR)

“Reverse Power”

Normal Operation ‘

+kVAR +kVAR
-kW 0 o +kW

(+kW)

-kVAR - kVAR

“Reverse Power”

“Under-excited” Under-excited

GENERAC' | INnDUSTRIAL
==
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

Online Final Assessment

Final assessments are available for each PDSS session. These assessments
are Web-based and can be accessed using Generac’s online learning system
“The Learning Center” (http:// learning.generac.com). PDSS participants are
required to obtain a score of at least 80% to pass an assessment. Each online
assessment also contains a training survey. The survey provides each
participant an opportunity to rate various components of the learning
experience along with information relative to business development.
Instructions for how to register and log in to this system, take the final
assessment and print a certificate, are described in the Registering in “The
Learning Center” section below.

Continuing Education

Upon successful completion of a seminar, participants will be awarded 2.0
PDHs (Professional Development Hours) and 0.2 CEUs (Continuing
Education Units). Successful completion of a seminar requires that the
participant have:

e Attended the complete seminar
e Received a minimum score of 80% on the Final Assessment

Certificate of Accomplishment

Participants who successfully complete the seminar and receive a passing
score on the online final assessment are entitled to a “Certificate of
Accomplishment.” Certificates are available for printing directly from the
participant’s account screen on Generac’s online training system “The
Learning Center”. Instructions for how to register and log in to this system,
take the final assessment and print a certificate, are described beginning in
the following section.

Registering in “The Learning Center”

To gain access to “The Learning Center”, you are required to register and set
up a user account. During your account setup you will create a Username and
Password. Your username and password can then be used to log in on
subsequent visits.

The following pages will aid you in the registration process along with the Final
Assessment, Survey and Certificate procedures.

To begin the registration process, open your computer’s browser and enter
http:// learning.generac.com. This should take you to “The Learning Center”
home page. This page is displayed at the top of the next page. From this point
you can follow illustrated steps.

PROFESSIONAL DEVELOPMENT SEMINAR SERIES LEARNER’S GUIDE GPS-180 Controls

36




ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

Begin by entering http://learning.generac.com in your computer’s browser. The screen
below will be displayed. Click on the “register here” link to begin the registration process.

{7 The Learning Center - ome - Windows Internet Explorer N =lEi]
@@- le e nousior].com; =&l || = ]EY L1
| He BSt vew Favetes Tosh Heb

G rates 5] «| 8 e Lawring Contes v | 88 TheLeameng cenier e x || %c B - - Pager sarye Tose @ 7

GENERAC LEARNING CENTER

Welcome to The Learning Center

Generac is pleased to provide this online learning tool to §

distributars and guests Impreve thelr professional knev Click on the "register here" link

Eefore enrolting in any courses, please click the System Test Link in the bostol

year camputar |5 campatible with S gystam. Toview our esd
Adube Flash Flayer veron § or highes. Click the Flash Player button below for a free download. To
eraure & good comemunication link, o rot ke “air cards™ when viewing course contenl. Access the
Irternet via direct network of a refisble wireless connection,

On this screen you will select “Guest” from the drop down box and click the
“Next” button.

/7" The Learnisg Center - ser Registration - Windows Intemet Dxplorer N =lEi]
L+ ST prrv——— : =&l || = ]EY Ly
| Fe Bdt vem Fovrtms Toh heb
G rwtes 5] «| 8 e Laring Contes nom | 88 eameg cenir 5. x || it - B - U - Page Sty - Tk @ 7
GENERAC TEARNING
plhe i LEARNING CENTER

—I

User Registration

Select "Guest” |

kBBt san

G T [Fa = [Foew = B |
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

In this next screen enter Access Code 9595 and click the “Next” button. Please keep
this code private.

A=
o

Fie Bt view Favontes  Tooh  Hel

Faventes | | 8 e oo contes v | 8 o Leaming cenier 15 x || Tic B - o - Pages Salery- Tos- -

GENERAC e -

e LEARNING GENTER

—I

User Registration

b [
Enter Access Code 9595

This screen confirms the correct access code entry. Click the “Yes” button
to proceed.

/7" The Learnisg Center - User Registration - Windows Intemet Dxplorer N =lEi]
G « e ‘websopanine.com = =4« P £

Fie Edt View Favortes Tosh  teb

Faventes | | 28 Lowring contes v | 8 o Leaing conier 15 x || Tic B - o - Page- Safen Tess @ T
: E —
GENERAC LEARNING CENTER

—I

User Registration

ity

_vo )

I

Click the "Yes" button p R
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

The next screen contains the “User Registration” form. Fill in the required boxes, and
then click the “Register” button.

"-|c : ‘webacparine. com 2 2 -

Fie Edt View Favortes Tosh el

Faventes | | 8 e o oo <rims | 8 e emmeg comier 5. x| | Fill in the required Jx pae e s+ Toos+ i .

User Registration boxes on the "User
Registration” form.
I

I~
Create a "Username” and
"Password" that you can
| remember - You will need
[ them when you log in at any
point in the future.

=
|
I I I
=l
Regrster
=l
e @ o <

The next screen confirms your registration. Click the “Continue” button

to proceed.
101
rE
Fie Bt view Favortes  Tooh  Hel
Faventes | =] 8 e o oo <rim | 8 e emmeg comter 5. x| | Bic B - o - Page- Safen s Tess- @ T
: E
GENERAC LEARNING CENTER

—I

User Registration
[ Contrue
A1

b maz B BT 2

Click the "Continue” button
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

The next screen displays the “Course Catalog.” Click on the “Professional Development
Seminar Series” link.

{7 Generac Trial &) - Course Catalog - Windows Intemet Explorer

@_N-h: t st nuisirLcom, =&l || = ]EY Ly

| Fie Ede view Favortes Tooh Heb

. Favorites g Generac Trial .1 - Course Cataiog | | EE-E

GENERAC
——

e O CATALOH Y ACCOUNT g L

Tif Course Catalog Click on the "mee_ss'mnal )
Development Seminar Series
| (PDSS)" link.

This next screen lists all currently available Final Assessments. Click on the Final
Assessment that is tied to the course name and number you completed.

{7 Generac Trial &) - Course Catalog - Windows Intemet Explorer

A [=TF|
@_N-h: t st nuisirLcom, =&l || = ]EY Ly
| P B vew Faets Tosh b
s Pavortes 8 Generac Tris 1 - Course Catniog | | [ %@ - e - Pae- sahwye om- @ 7

GENERAC
——

e O CATALOH Y ACCOUNT g L

‘rii Course Catalog
"'7 a Professional Development Seminar Series (PDSS)

Click on the appropriate ..
"Final Assessment”

J
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

The next screen is the “Enrollment” screen for the Final Assessment that you selected.
Click the “Enroll” link to proceed.

7 Generac Trial K3 - Course Catalog - Windows Intemet Explorer
L« B pp——

| Fie Ede view Favortes  Tooh  tep

-y Favorites 8 Generac Trial A3 - Crourse Cataiog

GENERAC
—

.| Click the "Enroll” link

Fode piesse contact

This screen confirms your enroliment. Click the “My Account” button to proceed.

= ra Trial R3 - Course Catalog - Windows Intemet Explorer
G = [0 et rasirion

| Fie Ede view Favortes Tooh Heb

¢ Favonies 8 Generac Trial 3 - Course Catsiog

GENERAC
—

e —
LEARNING CENTER—

@ GPS-180 Controls (Fil
R Click the "My Account” button

L)

@ Unrclment Successiul

LEARNER’S GUIDE GPS-180 Controls PROFESSIONAL DEVELOPMENT SEMINAR SERIES

41



ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

This is your “My Account” screen. Note that the Final Assessment you selected is
displayed under the “Enroliment” tab. Click the “GO” button to proceed.

26 rac Trial R - My Accosnt - Windows Intemset Diplorer

@‘-h:- te5t. Incuisir . com, t =&l || = ]EY L1
| Fie Bt wew Favetes Toch teb
r Favonies @ Generac Trial R« My Accournt | | |5 - B - e - Page- Safey- Tuss- @~

GENERAC
—

e O CATALOH HY ACCOUNT g L

E_;‘ My Account

LLARNING AETIVITELS

Click the "GO" button to continue to
the Final Assessment launch screen

This screen lists the two parts to the Final Assessment. You must take the
“Graded” Assessment first, then the Training Survey.

7~ Genera< Trial K1 - GP5- 130 Wiking Performasce Based Generator Specfications (Final Assessment - Windows Inbemet Explorer

@‘-h:- te5t. Incuisir . com, t t =&l || = ]EY L1
| e Ede vew Feortes Tooh  Heo
; Faies g enersc TR - 95 190 Wieg Pertormancetase..| | | %t = B - 0 - Page safey- Toss- @

GENERAC
—

e O CATALOH HY ACCOUNT g L

@ c©Ps-180 controls (Final Assessment)

Course eserption

The Final Assessment has two parts:

§ 1. A"Graded" Final Assessment
2. A Training Survey

The Final Assessment must be taken first, then
the Training Survey will be unlocked.

Click the "GO" button to launch the Final
Assessment.

LEARNER’S GUIDE GPS-180 Controls
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

In the next screen an “Assessment Code” is required before you can continue. The code
for GPS-180 Controls is gen493. Enter the code in the box and click the “Submit” button
to continue.

BDE sty o

4 Pavonies g Generac Tri R -

100 Writing Prrlormsace Rassd Generalor Speclics tions (1
e rgugdaEm 5

LEARNING CENTER BENERAC

Professional Devel t il Series
GPS-180 Controls

Final Assessment

Please Note:
An Assessment Access Code i required 1o fake is A5sessment
Please enter the Assessment Access Code provided 1o you at the
Compieton of 1he GPS-180 Controls course

If you have forgotten your Assessmem Access Code, please
contact your instructor,

Angasament Acoess Codi
genddd Submit
1

Enter A nt Code gend93
for the "GPS-180 Controls” course

You will now proceed through a ten question assessment. Please read the
warnings below.

= Generat Trial K3 - - Windows Intemet Dxplorer ~olx
GO~ — — Sl =IFT -
| Fe Bdt vem Fovrtms Toh heb

; Favortes g Generac TralRY - | | 1= = e ety - e = )

GENERAC LEARNING CENTER

You will now proceed through a ten question assessment. Please answer
the questions carefully. A score of at least 80% is required to pass. After
completing the assessment you will be prompted to return to the
assessment menu.

IMPORTANT
The following two screens will be displayed while your assessment
responses are being saved. Please WAIT and read the warnings and
instructions.
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

Please follow the instructions on this screen. You must wait for your assessment data to
be saved. Do not close this window or click the ‘Back’ of ‘Refresh’ buttons on your
browser.

(7 Generac Trial ) - - Windows Inbemet Explorer

@“-lc x te5t nquisgr L com, 53 = 4+ = [
| Fle B vem Fevetes Tosh oo
o Pavorites g Generac Tria R - |t =8 -

) THE
GENERAC LEARNING CENTER

Processing Data...Please Wait.

IMPORTANT
Do NOT close this window or click the "Back™ or
"Refresh” buttons on your browser. Please WAIT for
this screen to change to the next one!

This screen confirms that your data was saved. Click on the link shown here to
proceed.

7 Generac Trial K3 - - Windows Inbemet Dxplorer

@_‘-h: x te5t nquisgr L com, 53 = 4 % P
| Fie Ede view Favortes Tooh Heb

o Pavorites g Generac Tria R - |t =8 -

) THE
GENERAC LEARNING CENTER

Data Saved.
r A1
| Click on this link to return to
your "My Account” Screen
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

This screen will be displayed after your assessment data is saved. Note that in this
example the assessment was passed with a score of 100% and the Survey is unlocked

and ready to launch.

GENERAC
—

O CATALOH Y ACCOUNT

@ c©Ps-180 controls (Final Assessment)

Course eserption

Final Assessment "Completed”
with a passing score of at least
80%

Training Survey is now
"unlocked” and ready to take

Upon launching the Survey, this screen will be displayed. Select the Generac
dealer who conducted the seminar you attended.

oo - ey

Nriting Pestsrmance lissed Leneralor Spacication {Survey) -
e

LEARNING CENTER GENERAC

aining Survey
Select the Generac dealer |
who conducted the
seminar you attended

b
Plaase Be\rﬂm the Generac Dealar who
conducted the seminar you attended:

ACE Generalor Sales. Cleveland. OH | *
ACE Generator Chrveland

Saies

Consoldated Power. Warren. CA
Damer Elecinc. Oin. FL
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ONLINE FINAL ASSESSMENT AND CERTIFICATE

REGISTRATION AND LOGIN PROCEDURE

After completing the survey you will be prompted to return to the assessment menu.

Your response data will be saved as before, and you will see the screen below. Click the
“My Account” button to continue.

7~ Genere: Tral K3 - GF-130 Wriing Prerlomssce Based Generator Speofications (Final Assessment - Wisdows Intemet EXglorer
L« B

25t nquisgr L com,

y = &4 < Y
| Fe B4t vem Favortrs Tos neb |
i Favorites ) Generac Trial 3 - 675190 Wiitng Pesforman

Click on the "My Account” button [3= 5« 7« Fees sh: o 6
GENERAC
e ———— ]

THE —
LEARNING CENTER -

Y ACCOUNT

O CATALOH

Both "Final Assessment” and
"Survey” are completed

Your “My Account” screen will look similar to the one shown here. Click the
“Print” link to print your certificate.

7 Generac Tril A3 - My Accont - Windows Intermet Explorer
L+ [N o

| Fe Bd vew Favortes Toch nep

25t nquisgr L com,

oy Favorites G Generac Tris R - My Actount.

GENERAC
T —

Your "My Account” screen

e O CATALOH Y ACCOUNT

“

Certificate is now available for printing
B My Account

5 calendar
SAMARY 2012

S |on | Fus W Tha | Fn | sat

S

D = e
= Click the "Print" link to | -
print your certificate |
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