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Preparing Breakers for Cold Weather
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How to Find Lessons Learned

https://www.nerc.com/pa/rrm/ea/Pages/Lessons-Learned.aspx
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https://www.nerc.com/pa/rrm/ea/Lessons Learned Document Library/LL20180702_Preparing_Circuit_Breakers_for_Operation_in_Cold_Weather.pdf


RELIABILITY | ACCOUNTABILITY4

Failure Modes and Mechanisms (FMMs)

• Failure Modes are what gets your attention

• Failure Mechanisms are how the equipment gets going on the 
path to a failure

• Equipment Failures have logical cause-and-effect relationships 
behind them. 

• Physical Evidence Examination and Root Cause Analysis can 
reveal what Failure Mechanisms were involved.

• Aging is not a ‘cause.’ It is just a catch-all term for slow moving 
Failure Mechanisms. 

• Failure Mechanisms are detectable. Many can be stopped, or at 
least slowed down so they can be corrected before

Improve Equipment Reliability by Learning 
from Failure Modes & Mechanisms 
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Generic Failure Modes & Mechanisms 
Layout

Failed Equipment Type

Failure Mode 1 Failure Mode 2 Failure Mode 3

Failure 
Mechanism 1

Failure 
Mechanism 1

Failure 
Mechanism 1

Failure 
Mechanism 2

Failure 
Mechanism 2

Failure 
Mechanism 2

Failure 
Mechanism 3

How this 
develops

How this 
develops

More detail, notes, 
cures, salves...

More detail, notes, 
cures, salves...

And 
then...

And 
then...

How this 
develops

How this 
develops

OrOr

ThisThis ThatThat

++

A required 
condition

A required 
condition

Another 
required 
condition

Another 
required 
condition

1

1

LL20180101
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See NERC Lessons Learned
LL20180702

“Preparing Circuit Breakers  for 
Operation in Cold Weather”

Generic SF6 Breaker Failure
Failure Modes & Mechanisms

Bushing Failure Actuation Failure Contact Failures Dielectric Failures

Tank Failure

SF6 Breaker Failure Modes 
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SF6 Breaker Failure Modes & Mechanisms 

See NERC Lessons Learned
LL20180702

“Preparing Circuit Breakers  for 
Operation in Cold Weather”

DRAFT DRAFT
Tiny tank or bushing or  seal defects  - 
can keep SF6 (large molecule) in while 

permitting water molecules to be drawn 
into the dry gas

DRAFT

DRAFT
DRAFT

DRAFT

Slow or no movement
(may result in breaker 

failure actuations, more 
arcing erosion, trip coil may 

burn out too)

Generic SF6 Breaker Failure
Failure Modes & Mechanisms

Chemical degradation, 
SF6 breakdown 

products

M
ay Lead

 to

MoistureHeat

Acids

Contact Failures

Erosion
(and/or Corrosion)

Chemical attack by SF6 
breakdown products 

and contaminants

Cumulative over many 
operations

Flourine

Reduce the chance of overvoltage 
damage with Lightning Arrestors

Actuation Failure 

High 
Resistance 
Deposits

Tracking

Low Resistance 
Deposits 

(Shorting)

Contaminants, 
Foreign Materials

Arcing

Potential to Cause

Normal 
Breaker 

Operation

Bushing Failure

Drought conditions can 
make this more likely 

(accumulation not 
washed off by rain)

Contains 
conductive  uric 

acid and salts

Salt

Bird 
Excrement

Local 
Pollutants

UV

Heat
Erosion

(usually wind 
driven grit / sand)

Issues for 
Polymer 
Bushings

A
ss

is
ts

 B
u

ild
-u

p

AND

Cleaning Maintenance 
does not keep up with 

contamination 
(maintenance not done, not 

timely, or contaminant builds up 
abnormally fast)

OR

Issue for 
Porcelain or 

Polymer Bushings

Glaze / Coating 
deterioration

(easier to stick to)

Snow / Ice 
Coating

Mechanical Operating 
Linkage failure/bent

Actuator Motive Force 
Failures

(Spring, Hydraulic, etc.) 

Mechanical Failure

Attachment point / 
Mounting Failures

Push / Pull Rod Failure

Seasonal use of 
reactors – putting 

in service.

Attempting to open 
without a

zero-crossing
(DC offset)

Over compensating a 
long line with shunt 

reactors (>70%)

Large DC component 

Harmonics

See NERC Lessons Learned
LL20180302

“Breaker Failure Due to 
Trip Coil Polarity”

Tied to 
Persistent 

Fault to 
ground

Mechanical Binding

Contact Jammed by 
overtravel

Sliding / Bearing 
Surface LTA

Foreign Material, 
Broken / Loose Parts

Trip Coil 
Failures

Close Coil 
Failures

Control Power 
Problems

Station DC 
Power Supply 

Failure

Control Cable 
Failures

Mechanical Failure

Impact
Mechanical 

Overload
Cyclic Mechanical 

Loading

Blown 
objects

Vehicle

Attached 
Weight

Line 
Tension

Misaligned 
assembly

Strong Local 
Vibration 

Source

High Wind

Seismic 
Events

Seismic Events

Work in 
Area

Foundation 
Failures

Mechanical Failure

Impact
Mechanical 

Overload

Cyclic Mechanical 
Loading

Blown 
objects

Gunshot

Vehicle

Attached 
Weight

Line 
Tension

Misaligned 
assembly

Strong Local 
Vibration 

Source

Wind (line 
movement)

Seismic 
Events

Seismic Events

Work in 
Area

Connection to a higher 
voltage source, phase to 
phase fault, lightning…

An External Fault on a 
nearby phase can 

create high voltage 
stress on another

Beyond Design 
Voltage Stress 

External Fault

Animal

Blown 
objects

Bridging by object

Thrown 
objects

Contamination

Vegetation 
Growth

OR

Grading 
Resistor or 

Choke 
Failure

Sulfur 
compounds

Florides

Dielectric Failures

Leakage

Contamination from 
External Sources

Contamination from 
Internal Sources

Multiple operations in a 
short period so that Ionized 

products remain (not 
enough time to recombine)

Seal failures

Tank connection 
issue

Filling Operation 
Issue

Pressure 
boundary failures

Sudden Load Loss to a large 
connected inductor 

(di/dtdV)

Lightning

Overvoltage

Also current chopping by 
another breaker opening

(di/dt  dV)

Left by 
Maintenance

Contaminated 
SF6 Source

See NERC Lessons Learned
LL20170301

“Slow Circuit Breaker Operation 
Due to Lubrication Issues”

Lubrication Loss

Gouges, Defects

Use of Solvents
(WD40, Degreasers, Rust 

Penetrants)

Use of Petroleum 
Based Lubricant 

(synthetics last longer)

Separation of Oil 
and Carrier (Lubricant 

Components)

Hygroscopic Carrier
pulls in water and 
encourages rust

Accumulation of 
dust, grit, rust, or 

wear particles

Oil component 
cakes up

Lack of timely 
maintenance

Environmental 
Conditions

Oil component drips 
away, leaves just 

carrier

OR

1

Contaminants / 
Sludge  in 

Hydraulic Fluid

Excessive moisture in 
Pneumatic system

Extremely Low 
Temperature

Failed or No Minimum 
Temperature Heating 

Device

Hard Particles in 
Pneumatic 

System 

Seal Leak

Loss of 
Pressure

Pump 
Failure

Compressor 
Failure

Spring Failure
Clog / 

Blockage

AND

OR

Mechanical 
Failure

Power Failure
Ice Formation

Solenoid 
Valve Stuck

OR

OR

OR

OR

Excessive moisture in 
Hydraulic Fluid

Lack of or 
Failed Filter

Failed or No Minimum 
Temperature Heating 

Device

Pressure System 
Corrosion

Pressure System Wear 
Particles

Hydraulic Fluid 
Viscosity too high

High Cycle 
Fatigue is 
extremely 
unlikely for 
a breaker

Contaminated Source

Contaminated in 
Maintenance

Dryer Unit Failure / 
Desiccant Used Up 

Particulates Available  
in Environment

OR

AND

Extremely Low 
Temperature

Hydraulic Fluid Not 
Chosen For Coldest 

Possible Temperature

AND

OR

OR

Contaminated Spring 
Metal / Inclusions

Inadequate 
Assembly

Inadequate 
Mounting / 
Attachment

Inadequate Material 
Choice

Material Overload 
Failure

Low Cycle Fatigue

Material Brittle 
Failure

Permanent Set / 
Deformation

Incorrect Heat 
Treatment

OR

1

OR

Mechanical Damage – 
Displacement of 

internals

Often corrosion is faster in 
the Heat Affected Zone of 

welds. Coating/Paint 
quality and condition is 
very important there.

Tank Failure

Rupture
Damaged by 

External 
Forces

Corrosion

Blown objects

Gunshot

Vehicle

Environmental 
condition (Acids, 

Salts,…)

Lack of condition 
check

Internal pressure 
buildup w/o 

adequate relief

Major Fault 
Energy Release

Work in Area

Paint/Coating 
issue

Corrosion of  metal if 
both salt and water 

are present

This includes not just 
the end seals, but 
housing defects, 

bushing failures, tank 
(can) weld failure, 

internal pressure, or 
other boundary 

failures.

May be caused by 
impact, assembly 

error, corrosion, LTA 
material choice, 
temperature (or 

pressure) extremes 
or cycling Machining / Cutting Oil has 

sometimes been found in 
bushings – it slowly breaks 
down under voltage stress 

providing carbon for tracking

Seal 
failure

Other Foreign 
Material

Salts

OR

OR

ORAND

Locally Available 
Contaminants / 

Foreign Materials

Not Necessarily Locally 
Available Contaminants / 

Foreign Materials

Moisture 
intrusion

Foreign 
Materials left 

inside by 
Manufacturer

Material 
Defects from 
Manufacturer

While polymer or oil impregnated paper dielectric 
does not ‘leak out,’ it can wick up moisture from a 
seal failure, increase voltage stress, and become 

contaminated by other foreign matter as well. See 
also transformer FMM for paper breakdown products.

SF6 Leakage

Voltage stress 
induces Breakdown 
of Carbon bearing 

materials

Voltage stress lines up small 
amounts of conductive material 
deposits for tracking. Otherwise 
they would remain at point of 

entry or fall by gravity…

Contamination of 
Solid Dielectric 

(Paper or Plastic)

Increases Voltage 
Stress Locally

Conductive Material 
where it should not 

be

Voltage Stress 
(Plenty is available when 
the  device is in service)

Reduced 
resistance

Gaseous
Byproducts

Tracking

Internal Fault 

AND

Send Failure Modes and Mechanisms 

Improvement Comments, Corrections, Additions, 

Lessons Learned, Diagnostics / Symptom 

Monitoring Ideas, & Failed Equipment Photos to:

Richard Hackman

Sr. Reliability Advisor, Reliability Risk Management

North American Electric Reliability Corporation

3353 Peachtree Road NE, Suite 600 – North Tower

Atlanta, GA 30326

404-446-9764 office | 404-576-5960 cell

Email Richard.Hackman@nerc.net 

SF6 Liquefaction by 
Extreme Low 
Temperature

Ambient 
Temperature 
much Less Than 

-10C (14F)

Inadequate 
Heat 

Protection

Time to Liquefy

AND

No Heaters

No Power to Heaters

Undersized Heaters

Control Failure

Sensor Failure

See NERC Lessons Learned
LL20180702

“Preparing Circuit Breakers  for 
Operation in Cold Weather”

Failed or No Minimum 
Temperature Heating 

Device

Lubricant Viscosity 
too high 

(requires greater 
break-away force)

Extremely Low 
Temperature

Lubricant Not Chosen 
For Coldest Possible 

Temperature

AND

This draft document is being released by NERC Event Analysis for review and comment 
by appropriate personnel in the Electric Reliability Organization and registered entities 
only.   This document may contain sensitive information should not be distributed 
outside the control of Electric Reliability Organization and registered entities. Treat it 
as non-public / confidential.  It may be shown to, but not released to necessary 
consultants or third-party providers.

Tank Casting 
Porosity

OR

2

2

2

2

Vendors generally have a routine 
inspection & maintenance 

recommendation that can catch 
this and prevent failure

Some actuators have oil-filled 
dashpots to limit travel and 

stopping forces in the closed 
and/or open directions

Dashpot Failure

O-ring or seal 
failure

Oil loss

2

Twisted in Installation

Aged, hardened / 
embrittled / cracked

Cut in Installation

O-ring material not 
compatible with oil used

Small Pressure 
Boundary 
Porosities 

Actuation of paired 
coils in magnetic 

opposition

Foreign Material Left by 
Manufacturer

Signal to 
change state 

not sent

P&C 
Issue

Examine Relays, 
Instrumentation, 
Settings, & Logic

Feeding current to a 
large reactive load that 

has not stabilized
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See NERC Lessons Learned
LL20180702

“Preparing Circuit Breakers  for 
Operation in Cold Weather”

SF6 Breaker Failure Modes 

Generic SF6 Breaker Failure
Failure Modes & Mechanisms

Bushing Failure Actuation Failure Contact Failures Dielectric Failures

Tank Failure



RELIABILITY | ACCOUNTABILITY9

Contains 
conductive  uric 

acid and salts

Salt

Bird 
Excrement

Local 
Pollutants

UV

Heat
Erosion

(usually wind 
driven grit / sand)

Issues for 
Polymer 
Bushings

A
ss

is
ts

 B
u

ild
-u

p

AND

Cleaning Maintenance 
does not keep up with 

contamination 
(maintenance not done, not 

timely, or contaminant builds up 
abnormally fast)

OR

Issue for 
Porcelain or 

Polymer Bushings

Glaze / Coating 
deterioration

(easier to stick to)

Snow / Ice 
Coating

Contamination

Bushing Failure

SF6 Breaker Failure Mechanisms 

Other 

Causes

External Fault

Other 

Causes
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SF6 Breaker Failure Mechanisms 

Actuation Failure 

Failed or No Minimum 
Temperature Heating 

Device

Extremely Low 
Temperature

Lubricant Not Chosen 
For Coldest Possible 

Temperature

AND

Lubricant Viscosity 
too high 

(requires greater 
break-away force)

See NERC Lessons Learned
LL20170301

“Slow Circuit Breaker Operation 
Due to Lubrication Issues”

Lubrication Loss

Gouges, Defects

Use of Solvents
(WD40, Degreasers, Rust 

Penetrants)

Use of Petroleum 
Based Lubricant 

(synthetics last longer)

Separation of Oil 
and Carrier (Lubricant 

Components)

Hygroscopic Carrier
pulls in water and 
encourages rust

Accumulation of 
dust, grit, rust, or 

wear particles

Oil component 
cakes up

Lack of timely 
maintenance

Environmental 
Conditions

Oil component drips 
away, leaves just 

carrier

OR

Mechanical Binding

Contact Jammed by 
overtravel

Sliding / Bearing 
Surface LTA

Foreign Material, 
Broken / Loose Parts

Other 

Causes

Other 

Causes
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SF6 Breaker Failure Mechanisms 

Actuation Failure 

OR

Loss of 
Pressure

Clog / 
Blockage

Spring Failure

OR OR

Other 

CausesMechanical Failure

Actuator Motive Force 
Failures

(Spring, Hydraulic, etc.) 

Other 

Causes

Seal Leak

Pump 
Failure

Compressor 
Failure

Failed or No Minimum 
Temperature Heating 

Device

Hydraulic Fluid 
Viscosity too high

Extremely Low 
Temperature

Hydraulic Fluid Not 
Chosen For Coldest 

Possible Temperature

AND

Other 

Causes

Other 

Causes

Other 

Causes
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SF6 Breaker Failure Mechanisms 

Actuation Failure 

OR

Loss of 
Pressure

Clog / 
Blockage

Spring Failure

OR
Contaminants / 

Sludge  in 
Hydraulic Fluid

Hard Particles in 
Pneumatic 

System 

Excessive moisture in 
Pneumatic system

Extremely Low 
Temperature

Failed or No Minimum 
Temperature Heating 

Device

AND

Dryer Unit Failure / 
Desiccant Used Up 

Other 

CausesMechanical Failure

Actuator Motive Force 
Failures

(Spring, Hydraulic, etc.) 

Other 

Causes

Ice Formation

Other 

Causes

Other 

Causes

Other 

Causes

Other 

Causes

Solenoid 
Valve Stuck

Other 

Causes
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SF6 Breaker Failure Mechanisms 

Dielectric Failures
SF6 Liquefaction by 

Extreme Low 
Temperature

AND

Inadequate 
Heat 

Protection

No Heaters

No Power to Heaters

Undersized Heaters

Control Failure

Sensor Failure

Time to Liquefy

Ambient 
Temperature 
much Less Than 

-10C (14F)

Other 

Causes
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SF6 Breaker Failure Modes & Mechanisms 

See NERC Lessons Learned
LL20180702

“Preparing Circuit Breakers  for 
Operation in Cold Weather”

DRAFT DRAFT
Tiny tank or bushing or  seal defects  - 
can keep SF6 (large molecule) in while 

permitting water molecules to be drawn 
into the dry gas

DRAFT

DRAFT
DRAFT

DRAFT

Slow or no movement
(may result in breaker 

failure actuations, more 
arcing erosion, trip coil may 

burn out too)

Generic SF6 Breaker Failure
Failure Modes & Mechanisms

Chemical degradation, 
SF6 breakdown 

products

M
ay Lead

 to

MoistureHeat

Acids

Contact Failures

Erosion
(and/or Corrosion)

Chemical attack by SF6 
breakdown products 

and contaminants

Cumulative over many 
operations

Flourine

Reduce the chance of overvoltage 
damage with Lightning Arrestors

Actuation Failure 

High 
Resistance 
Deposits

Tracking

Low Resistance 
Deposits 

(Shorting)

Contaminants, 
Foreign Materials

Arcing

Potential to Cause

Normal 
Breaker 

Operation

Bushing Failure

Drought conditions can 
make this more likely 

(accumulation not 
washed off by rain)

Contains 
conductive  uric 

acid and salts

Salt

Bird 
Excrement

Local 
Pollutants

UV

Heat
Erosion

(usually wind 
driven grit / sand)

Issues for 
Polymer 
Bushings

A
ss

is
ts

 B
u

ild
-u

p

AND

Cleaning Maintenance 
does not keep up with 

contamination 
(maintenance not done, not 

timely, or contaminant builds up 
abnormally fast)

OR

Issue for 
Porcelain or 

Polymer Bushings

Glaze / Coating 
deterioration

(easier to stick to)

Snow / Ice 
Coating

Mechanical Operating 
Linkage failure/bent

Actuator Motive Force 
Failures

(Spring, Hydraulic, etc.) 

Mechanical Failure

Attachment point / 
Mounting Failures

Push / Pull Rod Failure

Seasonal use of 
reactors – putting 

in service.

Attempting to open 
without a

zero-crossing
(DC offset)

Over compensating a 
long line with shunt 

reactors (>70%)

Large DC component 

Harmonics

See NERC Lessons Learned
LL20180302

“Breaker Failure Due to 
Trip Coil Polarity”

Tied to 
Persistent 

Fault to 
ground

Mechanical Binding

Contact Jammed by 
overtravel

Sliding / Bearing 
Surface LTA

Foreign Material, 
Broken / Loose Parts

Trip Coil 
Failures

Close Coil 
Failures

Control Power 
Problems

Station DC 
Power Supply 

Failure

Control Cable 
Failures

Mechanical Failure

Impact
Mechanical 

Overload
Cyclic Mechanical 

Loading

Blown 
objects

Vehicle

Attached 
Weight

Line 
Tension

Misaligned 
assembly

Strong Local 
Vibration 

Source

High Wind

Seismic 
Events

Seismic Events

Work in 
Area

Foundation 
Failures

Mechanical Failure

Impact
Mechanical 

Overload

Cyclic Mechanical 
Loading

Blown 
objects

Gunshot

Vehicle

Attached 
Weight

Line 
Tension

Misaligned 
assembly

Strong Local 
Vibration 

Source

Wind (line 
movement)

Seismic 
Events

Seismic Events

Work in 
Area

Connection to a higher 
voltage source, phase to 
phase fault, lightning…

An External Fault on a 
nearby phase can 

create high voltage 
stress on another

Beyond Design 
Voltage Stress 

External Fault

Animal

Blown 
objects

Bridging by object

Thrown 
objects

Contamination

Vegetation 
Growth

OR

Grading 
Resistor or 

Choke 
Failure

Sulfur 
compounds

Florides

Dielectric Failures

Leakage

Contamination from 
External Sources

Contamination from 
Internal Sources

Multiple operations in a 
short period so that Ionized 

products remain (not 
enough time to recombine)

Seal failures

Tank connection 
issue

Filling Operation 
Issue

Pressure 
boundary failures

Sudden Load Loss to a large 
connected inductor 

(di/dtdV)

Lightning

Overvoltage

Also current chopping by 
another breaker opening

(di/dt  dV)

Left by 
Maintenance

Contaminated 
SF6 Source

See NERC Lessons Learned
LL20170301

“Slow Circuit Breaker Operation 
Due to Lubrication Issues”

Lubrication Loss

Gouges, Defects

Use of Solvents
(WD40, Degreasers, Rust 

Penetrants)

Use of Petroleum 
Based Lubricant 

(synthetics last longer)

Separation of Oil 
and Carrier (Lubricant 

Components)

Hygroscopic Carrier
pulls in water and 
encourages rust

Accumulation of 
dust, grit, rust, or 

wear particles

Oil component 
cakes up

Lack of timely 
maintenance

Environmental 
Conditions

Oil component drips 
away, leaves just 

carrier

OR

1

Contaminants / 
Sludge  in 

Hydraulic Fluid

Excessive moisture in 
Pneumatic system

Extremely Low 
Temperature

Failed or No Minimum 
Temperature Heating 

Device

Hard Particles in 
Pneumatic 

System 

Seal Leak

Loss of 
Pressure

Pump 
Failure

Compressor 
Failure

Spring Failure
Clog / 

Blockage

AND

OR

Mechanical 
Failure

Power Failure
Ice Formation

Solenoid 
Valve Stuck

OR

OR

OR

OR

Excessive moisture in 
Hydraulic Fluid

Lack of or 
Failed Filter

Failed or No Minimum 
Temperature Heating 

Device

Pressure System 
Corrosion

Pressure System Wear 
Particles

Hydraulic Fluid 
Viscosity too high

High Cycle 
Fatigue is 
extremely 
unlikely for 
a breaker

Contaminated Source

Contaminated in 
Maintenance

Dryer Unit Failure / 
Desiccant Used Up 

Particulates Available  
in Environment

OR

AND

Extremely Low 
Temperature

Hydraulic Fluid Not 
Chosen For Coldest 

Possible Temperature

AND

OR

OR

Contaminated Spring 
Metal / Inclusions

Inadequate 
Assembly

Inadequate 
Mounting / 
Attachment

Inadequate Material 
Choice

Material Overload 
Failure

Low Cycle Fatigue

Material Brittle 
Failure

Permanent Set / 
Deformation

Incorrect Heat 
Treatment

OR

1

OR

Mechanical Damage – 
Displacement of 

internals

Often corrosion is faster in 
the Heat Affected Zone of 

welds. Coating/Paint 
quality and condition is 
very important there.

Tank Failure

Rupture
Damaged by 

External 
Forces

Corrosion

Blown objects

Gunshot

Vehicle

Environmental 
condition (Acids, 

Salts,…)

Lack of condition 
check

Internal pressure 
buildup w/o 

adequate relief

Major Fault 
Energy Release

Work in Area

Paint/Coating 
issue

Corrosion of  metal if 
both salt and water 

are present

This includes not just 
the end seals, but 
housing defects, 

bushing failures, tank 
(can) weld failure, 

internal pressure, or 
other boundary 

failures.

May be caused by 
impact, assembly 

error, corrosion, LTA 
material choice, 
temperature (or 

pressure) extremes 
or cycling Machining / Cutting Oil has 

sometimes been found in 
bushings – it slowly breaks 
down under voltage stress 

providing carbon for tracking

Seal 
failure

Other Foreign 
Material

Salts

OR

OR

ORAND

Locally Available 
Contaminants / 

Foreign Materials

Not Necessarily Locally 
Available Contaminants / 

Foreign Materials

Moisture 
intrusion

Foreign 
Materials left 

inside by 
Manufacturer

Material 
Defects from 
Manufacturer

While polymer or oil impregnated paper dielectric 
does not ‘leak out,’ it can wick up moisture from a 
seal failure, increase voltage stress, and become 

contaminated by other foreign matter as well. See 
also transformer FMM for paper breakdown products.

SF6 Leakage

Voltage stress 
induces Breakdown 
of Carbon bearing 

materials

Voltage stress lines up small 
amounts of conductive material 
deposits for tracking. Otherwise 
they would remain at point of 

entry or fall by gravity…

Contamination of 
Solid Dielectric 

(Paper or Plastic)

Increases Voltage 
Stress Locally

Conductive Material 
where it should not 

be

Voltage Stress 
(Plenty is available when 
the  device is in service)

Reduced 
resistance

Gaseous
Byproducts

Tracking

Internal Fault 

AND

Send Failure Modes and Mechanisms 

Improvement Comments, Corrections, Additions, 

Lessons Learned, Diagnostics / Symptom 

Monitoring Ideas, & Failed Equipment Photos to:

Richard Hackman

Sr. Reliability Advisor, Reliability Risk Management

North American Electric Reliability Corporation

3353 Peachtree Road NE, Suite 600 – North Tower

Atlanta, GA 30326

404-446-9764 office | 404-576-5960 cell

Email Richard.Hackman@nerc.net 

SF6 Liquefaction by 
Extreme Low 
Temperature

Ambient 
Temperature 
much Less Than 

-10C (14F)

Inadequate 
Heat 

Protection

Time to Liquefy

AND

No Heaters

No Power to Heaters

Undersized Heaters

Control Failure

Sensor Failure

See NERC Lessons Learned
LL20180702

“Preparing Circuit Breakers  for 
Operation in Cold Weather”

Failed or No Minimum 
Temperature Heating 

Device

Lubricant Viscosity 
too high 

(requires greater 
break-away force)

Extremely Low 
Temperature

Lubricant Not Chosen 
For Coldest Possible 

Temperature

AND

This draft document is being released by NERC Event Analysis for review and comment 
by appropriate personnel in the Electric Reliability Organization and registered entities 
only.   This document may contain sensitive information should not be distributed 
outside the control of Electric Reliability Organization and registered entities. Treat it 
as non-public / confidential.  It may be shown to, but not released to necessary 
consultants or third-party providers.

Tank Casting 
Porosity

OR

2

2

2

2

Vendors generally have a routine 
inspection & maintenance 

recommendation that can catch 
this and prevent failure

Some actuators have oil-filled 
dashpots to limit travel and 

stopping forces in the closed 
and/or open directions

Dashpot Failure

O-ring or seal 
failure

Oil loss

2

Twisted in Installation

Aged, hardened / 
embrittled / cracked

Cut in Installation

O-ring material not 
compatible with oil used

Small Pressure 
Boundary 
Porosities 

Actuation of paired 
coils in magnetic 

opposition

Foreign Material Left by 
Manufacturer

Signal to 
change state 

not sent

P&C 
Issue

Examine Relays, 
Instrumentation, 
Settings, & Logic

Feeding current to a 
large reactive load that 

has not stabilized
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Preparing Breakers for Cold Weather

https://www.nerc.com/pa/rrm/ea/Lessons Learned Document Library/LL20180702_Preparing_Circuit_Breakers_for_Operation_in_Cold_Weather.pdf
https://www.nerc.com/pa/rrm/ea/Lessons Learned Document Library/LL20180702_Preparing_Circuit_Breakers_for_Operation_in_Cold_Weather.pdf
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Preparing Breakers for Cold Weather

Send Failure Modes and Mechanisms 
Improvement Comments, Corrections, Additions, 
Lessons Learned, Diagnostics / Symptom 
Monitoring Ideas, & Failed Equipment Photos to:

Richard Hackman
Sr. Reliability Advisor, Reliability Risk Management

North American Electric Reliability Corporation

3353 Peachtree Road NE, Suite 600 – North Tower

Atlanta, GA 30326

404-446-9764 office | 404-576-5960 cell

Email Richard.Hackman@nerc.net 

https://vimeopro.com/nerclearning/cause-coding/video/208745179Learn more about Failure Modes & Mechanisms at:

https://vimeopro.com/nerclearning/cause-coding/video/208745179
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