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Who is on P1668 Working 
Group?

Who is on P1668 Working 
Group?

Representatives from Industry:
General Motors,  Toyota,  IBM,
Intel Microchip On SemiconductorIntel,  Microchip, On Semiconductor, 
NPPD

Representatives from Utilities:
Dominion,  AEP,  PSE&G,  Salt River 
Project, Southern Company, TVA

Other PQ Industry Leaders:Other PQ Industry Leaders:
EPRI, Soft Switching Technologies, 
University of Edinburgh
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Working Group Developing P1668 For Over 5+ Years 
and Ready for Ballot

Working Group Developing P1668 For Over 5+ Years 
and Ready for Ballot

Group” First Web Meeting April 23, 2007 Following IEEE SA Process

SA Process P1668 Ready for 
Ballot
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IEEE Standards Association
Balloting Process

IEEE Standards Association
Balloting Process

• Balloters usually fall into one of several interest categories 
(e.g. producers, users).  No interest category can comprise 
over one third of the balloting groupover one-third of the balloting group.

• A standard will pass if at least 75 percent of all ballots from a 
balloting group are returned and if 75 percent of those bear a 
“yes” voteyes  vote.

• Ballots usually last 60 to 90 days.  Balloters can approve, 
disapprove, or abstain.  The can also disapprove with 
comment The ballot resolution group responds to allcomment.  The ballot resolution group responds to all 
comments, whether submitted by those within or outside the 
balloting group.

• P1668 was set up with individuals each having the• P1668 was set up with individuals each having the 
opportunity for a single vote.

• It is the Sponsor’s responsibility to form the balloting group.
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IEEE Standards Association 
Balloting Consensus

IEEE Standards Association 
Balloting Consensus

• What a balloting group is trying to achieve is the imperative 
principle of consensusprinciple of consensus.

• According to IEEE rules, consensus is defined as a minimum 
75% return of ballots from the balloting group, and a 75% 
approval rate from that 75% return groupapproval rate from that 75% return group.

• All negative comments will be addressed by the Working 
Group Chair even if consensus is reached.
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IEEE P1668 ContentsIEEE P1668 Contents

1. Overview
2 Limitations2. Limitations
3. Normative References
4. Definitions
5 A Primer on Voltage Sags5. A Primer on Voltage Sags
6. Recommended Voltage-Sag Test Requirements

Annex A Test Procedures and GuidelinesAnnex A Test Procedures and Guidelines
Annex B Test Equipment Requirements
Annex C Certification and Test Reports
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Section 1Section 1
Overview of IEEE 1668
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Section 1.1 
IEEE P1668 

Scope

Section 1.1 
IEEE P1668 

ScopeScopeScope
• Recommended practice for voltage-sag performance and 

compliance testing for all electrical equipment ---<1000V

• Defines minimum voltage-sag immunity requirements

• Testing procedures and requirements for test equipment are 
clearly defined including the following voltage sag subtypes:

– single-phase, 
– two-phase, 
– three-phase,
– balanced 
– unbalanced voltage sags

• The recommended practice also defines requirements forThe recommended practice also defines requirements for 
certification and test reporting

9



Section 1.1 
IEEE P1668 

Purpose

Section 1.1 
IEEE P1668 

PurposePurposePurpose
• Establishes clearly defined test methods and ride-through 

performance for determining the sensitivity of electrical and 
electronic equipment to voltage sagselectronic equipment to voltage sags.

• Analysis of real-world sags providing foundation for both the 
ftest methods and the performance criteria.  The standard 

defines voltage sag characteristics in terms of the depths, 
magnitudes, durations, phase angles, and vectors.

• The recommended practice shows how different voltage-sag 
testing methods can be used to simulate real-world sags.

• Provides end-use standard for purchase specifications to 
ensure the required level of equipment performance.  In 
addition, end users can use the voltage-sag criteria as 
performance benchmark for existing equipment.  
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Section 5Section 5
A Primer on Voltage Sags
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5.1 Voltage Sag Basics5.1 Voltage Sag Basics

Presents:
– Basic concepts
– Multiphase nature 

and complexityand complexity 
– How we often over 

simplify in data 
presentation

– How to read a 
magnitude andmagnitude and 
duration scatter plot 
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5.2 Other Key 
Voltage Sag Characteristics

5.2 Other Key 
Voltage Sag Characteristics

Discusses 
Point on 
Wave ForWave For
Fault Initiation

Balanced Voltage Sags                  Unbalanced Voltage Sags
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5.3 Fault (Characteristics) and Voltage Sags5.3 Fault (Characteristics) and Voltage Sags

Illustrates:
– Fault Clearing 

Times
– Voltage Recovery– Voltage Recovery
– Slow Voltage 

Recovery
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5.3 Faults and Voltage Sags (Continued)
Fault on Transmission System

5.3 Faults and Voltage Sags (Continued)
Fault on Transmission System

Illustrates:
T i i f lt– Transmission fault 
influence on 
utilization voltage

– Effect of multiple 
transformations 
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5.3 Faults and Voltage Sags (Continued)
Fault on Distribution System

5.3 Faults and Voltage Sags (Continued)
Fault on Distribution System

Illustrates:
Di t ib ti f lt– Distribution fault 
influence on utilization 
voltageg

– Effect of multiple 
transformations 
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5.3 Faults and Voltage Sags (Continued)
On-Site Fault

5.3 Faults and Voltage Sags (Continued)
On-Site Fault

Illustrates:
– Internal facility fault influence on utilizationInternal facility fault influence on utilization 

voltage
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5.3 Faults and Voltage Sags (Continued)
Impact of Line Re-Closing

5.3 Faults and Voltage Sags (Continued)
Impact of Line Re-Closing

Illustrates: Re-closer Operations and 
Representative Schemes
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5.4 Voltage Sags and Load Current Relationships5.4 Voltage Sags and Load Current Relationships

Discusses how current can vary during a voltage sag 
b d l d tbased on load types.

– Resistive – load current lowers proportionally
– Induction motors – load current generally increases
– Synchronous motors – inject reactive current toward 

fault
– Non-linear power electronic loads – may draw p y

significant current on return of voltage
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5.5 How Common Are Voltage Sags?5.5 How Common Are Voltage Sags?

Discusses findings from 
benchmark voltagebenchmark voltage 
sag studies:

– EPRI DPQ Phase I

– EPRI DPQ Phase II

– CIGRE C4.110

How common are the 
events and how many 
phases are involved?phases are involved?
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5.5 Expected Voltage Sag Distribution
Previous EPRI Studies 

5.5 Expected Voltage Sag Distribution
Previous EPRI Studies 

Number of affected phases (i.e., 
voltage sag types) for voltage 

sags with at least one remaining
Percent residual voltage by type of 

sag from EPRI DPQ II Studysags with at least one remaining 
voltage below 85% of nominal 

from EPRI DPQ II
(1-Minute Aggregation, All Sites, All Days)

g Q y
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5.5 Expected Voltage Sag Distribution
International Statistics on Voltage Sags
5.5 Expected Voltage Sag Distribution

International Statistics on Voltage Sags
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Section 6
Recommended Voltage Sag Test 

Requirements

• This section details the voltage-sag test 
requirements of this recommended practice.

• The recommended voltage sag types and• The recommended voltage-sag types and 
voltage-sag immunity levels are detailed in 
this section.
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6.1 Classification of Voltage-Sag Types in Three-
Phase Systems

6.1 Classification of Voltage-Sag Types in Three-
Phase Systems

Type 1
1 Phase Impacted
At Machine Level

Type 2
2 Phases Impacted2 Phases Impacted
At Machine Level

Type 3
3 Phases Impacted
At Machine LevelAt Machine Level
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6.1 Classification of voltage-sag types in three-phase 
systems (continued)

Type 1 – One Phase Impacted

6.1 Classification of voltage-sag types in three-phase 
systems (continued)

Type 1 – One Phase ImpactedType 1 One Phase ImpactedType 1 One Phase Impacted
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6.1 Classification of voltage-sag types in three-phase 
systems (continued)

Two Phases Impacted

6.1 Classification of voltage-sag types in three-phase 
systems (continued)

Two Phases ImpactedTwo Phases ImpactedTwo Phases Impacted
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6.2 Recommended Voltage-Sag Immunity Levels
One Phase Only and Two Impacted Phases

6.2 Recommended Voltage-Sag Immunity Levels
One Phase Only and Two Impacted Phases

8080
70

50
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6.2 Recommended Voltage-Sag Immunity Levels
Three Phases Impacted

6.2 Recommended Voltage-Sag Immunity Levels
Three Phases Impacted

When Published, 
Industries Can Specify80 Industries Can Specify 
Systems That Are IEEE 
1668 Compliant!!!

80
70

50
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6.2 Recommended Voltage-Sag Immunity Levels 
(continued)

6.2 Recommended Voltage-Sag Immunity Levels 
(continued)

Test Conditions:Test Conditions:
– The EUT shall be tested in its most sensitive 

process states, as determined by the EUT 
manufacturer For example this may includemanufacturer. For example, this may include 
robot movement, maximum power processing, 
and most sensitive measurement.

– Components and subsystems, when tested 
independently, shall be tested under load (for 
example, DC power supplies and AC drives).
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6.3 Recommended Voltage-Sag Immunity Levels 
(continued)

6.3 Recommended Voltage-Sag Immunity Levels 
(continued)

6.2.4 Pass/fail criteria:
a) Full (normal) operation – Equipment performs as expected or ) ( ) p q p p p
intended, and all of its relevant parameters are within technical 
specifications or within allowed tolerance limits. Equipment 
performance should be expressed and measured against the set 
of relevant/critical “equipment outputs” (for example, speed, 
torque and voltage level) which have to be defined as per thetorque, and voltage level), which have to be defined as per the 
process requirements.
b) Self-recovery – Equipment does not perform its intended 
functions, or its outputs vary outside the technical 
specification/limits but equipment is able to automatically recoverspecification/limits, but equipment is able to automatically recover 
after the end of a voltage sag without any intervention from the 
user. 
c) Assisted-recovery – Equipment does not perform intended 
functions, or its outputs vary outside the technicalfunctions, or its outputs vary outside the technical 
specification/limits, and equipment is not able to automatically 
recover after the end of a voltage sag. 

30



6.3 Recommended Voltage-Sag Immunity Levels 
(continued)

6.3 Recommended Voltage-Sag Immunity Levels 
(continued)
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6.3 Recommended Voltage-Sag Immunity Levels 
(continued)

6.3 Recommended Voltage-Sag Immunity Levels 
(continued)

• Advises how to use specification for procurement

– With the establishment of the recommended voltage-sag 
test vectors, immunity levels, and desired equipment 
performance, it is possible for the equipment buyer/user to 
specify the desired equipment immunity in a purchase 

i iti A ifi ti h t f i trequisition. A specification sheet for equipment 
immunity is provided in Table 12 and Table 13 for use 
by equipment buyers when purchasing three-phase or 
single-phase equipment.

– The equipment buyer may use this document to specify 
requirements for voltage-sag immunity to a system 
integrator/OEM. In turn, the system integrator/OEM may 
use this document to specify voltage-sag immunityuse this document to specify voltage-sag immunity 
requirements to their subsystem and component suppliers.

32



How to Vote – Existing IEEE Members
Join SA for $50 and Let Us Know of Your Interest!

How to Vote – Existing IEEE Members
Join SA for $50 and Let Us Know of Your Interest!

• We Need Your Review and Hopefully a Yes Vote 
on IEEE 1668on IEEE 1668 

• Please Let Us Know If You Are Interested In 
Making Power Quality History by Participating in the 
Balloting Effort for IEEE 1668
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