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ELECTRICAL SAFETY

Electrical Safety for Industrial Facilities
Electrical Safety for Utilities

Electrical Safety for Mining

Electrical Safety for Overhead Contact Systems
Electrical Safety for Inspectors

NFPA 70e Standard for Electrical Safety

ELECTRICAL MAINTENANCE SAFETY

Substation: Components, Testing & Interpretation
Substation Maintenance | & Substation Maintenance Il
Circuit Breaker Maintenance, SF6

Circuit Breaker Maintenance, Low-Voltage

Circuit Breaker Maintenance, Medium-Voltage

Circuit Breaker Maintenance, Molded & Insulated Case
Motor Controls & Starters | Low Voltage

Power Quality and Harmonics

Infrared | & Infrared Il

Transformer Maintenance & Testing

Battery Maintenance and Testing

Advanced Transformer Maintenance & Testing
Protective Relay Maintenance, Basic

Protective Relay Maintenance, Advanced

Protective Relay Maintenance, Generation
Microprocessor-based Relay Testing, Feeder Protection
Microprocessor-based Relay Testing, Generation

Microprocessor-based Relay Testing, Transformer Protection

FREE monthly webinars

*Earn 1 NETA CTD and 1 PDH or 0.1 CEU

Learn valuable testing tips and tricks

ELECTRICAL SAFETY & MAINTENANCE TRAINING

1-877-637-0305 | www.AVOtraining.com

CABLE COURSES

Cable Fault Location & Tracing
Certified Fiber Optic Technician
Cable Splicing & Terminating, MV
Cable Testing & Diagnostics, MV

TRAINING INSTITUTE

by Megger?(

ELECTRICAL SAFETY FUNDAMENTALS
Basic Electricity

Basic Electrical Troubleshooting
Grounding & Bonding

Electric Print Reading | 3-Day

Electric Print Reading | Remote

VIRTUAL, LIVE & INSTRUCTOR-LED
Most of the courses listed on this ad,
plus other classes, are available
virtually and taught LIVE.

ONSITE & CUSTOM COURSES

AVO can train your staff on your equipment,
which saves you money. We can also create
custom courses based on your needs.

Testing Tactics Webinar Series

Megger has partnered with NETA (International Electrical Testing Association) to present
Testing Tactics, a special monthly webinar series that allows registrants to receive NETA CTDs
(Continuing Technical Development Credits)* for attending the live webinar.

The Megger Testing Tactics Webinar Series provides valuable educational electrical testing
knowledge in areas including theory and applications, best practices, industry standards /
procedures, and safety. These FREE webinars are presented by Megger's expert Applications
Engineers and Product Managers, who utilize their experiences in the field and industry to
give you greater insight into electrical testing so you can test with confidence.

U U
| Upcoming Webinars

Sept 17

Transformer

Special Applications of Narrow Band
DFR Beyond Power Transformers

Nov 19

Cable

Best Practices and Techniques
for Cable Fault Location and
Special Applications

Oct 15
Protection
Advanced Recloser Testing

Dec 17

General Electrical Testing
Ground Fault Location on DC
Systems

Can't attend? View video recordings

us.megger.com/webinars

Megger.



THE TECHNICIAN'S APPROACH
T0 3 x LINE = LINE TO LINE

By Ralph Parrett, AVO Training Institute

SELECTING SAMPLE CONTAINERS
FOR INSULATING LIQUIDS

Lance R. Lewand and David Koebler,
Doble Engineering Company

HIRE EARLY — TEAM TRAINING AND HR

By Chuck Baker, SDMyers

FALL 2021

OMICRON Academy: ™
An Engineer’s Playground - -

OMICRON invites you to join our classes

on Protection Testing, Digital Substations,
Transformer Testing, Circuit Breakers, and

more in our new on-line interactive trainings

or in-person at the OMICRON Academy in Houston.

Benefit from professional courses with expert trainers,
full-scale training equipment, effective methodology and
individual attention. Then, try what you have learned

in the classroom with some practical testing at our
indoor substation, and hands-on relay test lab.

Find your training at
omicronenergy.com/na-training

By

Eugenio Carvalheira

OMICRON Engineering Manager, Protection & Control

Academy
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THE TECHNICIAN'S

APPROACH TO

BY RALPH PARRETT, AVO Training Institute

ver my 10 years as a technical instruc-
tor, students have voiced a common
question regarding this topic. For

years, this same question was some-
what difficult for me to explain other than simply
taking the math for what it was.

Over time, however, I have developed a consoli-
dated and simplified method of explaining and
demonstrating the relationship between phase-
to-neutral versus phase-to-phase voltage through
visual representation. While this explanation is
based on trigonometry, it is straightforward when
the technician draws or graphs the values stated
below. To easily identify the different values in this

Vo= 1volt@0°
V=1 volt @ -120°
=1 volt @ 120°

AR

Figure 1: Step |

explanation, three different colored pens plus a ruler
and a protractor are utilized along with “1 inch is
equivalent to 1 voltage.”

To begin, a simple system to use is a balanced
3-phase system with magnitudes equal to 1 volt (1
inch ) and 120 degrees of separation between the
phases (Figure 1). To determine the value of Vg,
place the vector of Vy on the end of the V vector.

Vg will be used as a reference point for another
voltage at its non-polarity node. Thus, it will cause
the vector representing Vg to be 180 degrees from
its polarity vector (Figure 2).

Note: The length of the non-polarity vector of Vg
is equal to its polarity reference.

N

~® T80e

Figure 2: Step 2

The angular relationship of the non-polarity VB to
VA becomes 60 degrees Vi leading V. Then, by
moving the resultant Vg vector to the end of Vy,
finding Vg becomes easier (Figure 3).

AR

120°
Va /_S "\ 60°

L
o

AR

Figure 3: Step 3
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Then, measure the distance from the point of origin
to the end of the non-polarity Vg, which measures

While this explanation is
based on trigonometry, it

out to approximately 1.732, given that 1 inch is
equal to 1 volt (Figure 4). Then measure the angular
displacement from V, and find that Vg leads V, by

30 degrees. is straightforward when
the technician draws or

L N2 graphs the values.
o
'\ 30°
A the sum of the angles of any triangle is 180 degrees,
AR combine 60 degrees with 90 degrees (as the triangle
is a right triangle) and subtract the sum from 180
degrees. This provides a result of 30 degrees as the
angular separation between Vyp and V.
Figure 4: Step 4 At this point, use the information gathered to find
the length of the final side. The 30-degree angle can
USING TRIGONOMETRY serve as the focus of the trig function. As that angle
If measuring the angle and voltage manually is not is 0 (theta), the 1-volt magnitude of V, serves as the

precise enough, find the magnitude of the resultant  hypotenuse (H) of the triangle.

vector Vyp using trigonometric functions. To begin,

take the triangle shown in Figure 4 and create two ~ The unknown magnitude of the resultant vector

right triangles, as shown in Figure 5. Now, itis clear ~ V,p then becomes the adjacent (A) side of the right

that the 1-volt vectors form the hypotenuses of both  triangle. See Figure 6 for an illustration of the right

right triangles. triangle as well as equations for the three main trig
functions. Using the cosine function, the adjacent
side can be found using the available information.

7
7
X 7 -
NP o>
x° >
~N
30° 5 ©
1 Volt A
v 1 Volt If cos © = H
Figure 5: Using Trig H
then Hcos©®=A
. . Opposite
As shown previously, the angular separation between ~ SIN © = Hvoolenvse Next, insert the known
Vg and V, is 30 degrees. However, suppose the ypotenuse values to make:
angle is still unknown. Refer to Figure 3 and look Adjacent o_
at the two marked angles: one being 60 degrees, Cose= Hypotenuse 1 cos 307=A
which demonstrates the relationship of non- The end result is:
polarity Vg from V,; the other being 120 degrees, tan © = Opposite A = cos 30° ~ 0.8660254038
which demonstrates the opposite angle. Now look Adjacent )

at Figure 5 where the 120-degree angle is split in
half, creating two 60-degree angles. Knowing that Figure 6: Righf Triang/e and Equations
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Remember that the value found through the above V3
calculations is only half of the length of the vector
representing Vyp. or approximately 1.732

Therefore, muldply it by two and the answer  Therefore, through the evidence above, it can be
becomes: inferred that 6 to 6 = 6 x V3.

RALPH PARRETT is 2 United States Navy veteran with over 13 years of professional experience
relating to electrical safety and maintenance training. During his time at AVO Training
Institute, his proven dedication to training led to bis position as Manager of Content &
Delivery. His passion has always been to provide a topnotch training experience to ensure his
students are more effective and safer when they return to the workplace. Ralph has extensive
knowledge of maintenance, repair, and troubleshooting of control and instrumentation, relay
logic systems, ABB control systems, central control station programs, power system equipment
testing and maintenance, and other various types of equipment. He has developed and raught
theory, operation, maintenance, and safety of various engineering systems.
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FOR INSULATING LIQUIDS

SOURCE: LEWAND & KOEHLER

LANCE R. LEWAND and DAVID KOEHLER,
Doble Engineering Company

ny commercial laboratory performing in-
sulating liquid analysis receives a myriad
of sample containers through the course
of a year. Not all of these containers are
compatible with the liquid they are storing, nor do
they maintain the properties to be tested intact.

The selection of a sample container is a specific
science with the ultimate goal of not impacting
the sample in any way. Thus, the insulating liquid
in the sample container must reflect the insulating
liquid in the electrical apparatus whether it be a
transformer, load tap changer (LTC), oil circuit
breaker (OCB), or some other device.

The requirements for a sample container are:

m Large enough to hold the volume of liquid
necessary for analysis.

m Does not impart any contamination (chemical
or particles) to the sample.

m Seals the sample from external contamination.

m Shields the sample from direct sunlight to
prevent photo-degradation either by having a
dark container or by using a covering for the
container after the sample is taken.

B Prevents the loss or gain of gases or water when
testing for these properties.

Changes in an insulating liquid’s properties while
in the sample container can yield lab results that
do not reflect the bulk oil in the apparatus and can
yield a faulty diagnostic assessment of the apparatus
or insulating liquid. Tests such as dissolved gas-in-
oil analysis (DGA), water content, and methanol/
ethanol analysis are critical tests that can easily be
impacted in a negative way and can lead to a faulty
condition assessment of the apparatus.

DISOLVED GAS ANALYSIS

DGA is used to determine the operational condition
of an electric apparatus and is considered the most
important insulating liquid test. If the sample
container retaining the DGA sample is not completely
sealed, gases such as hydrogen and carbon monoxide
are easily lost. Because of their poor solubility in
insulating liquids, these gases easily diffuse to the
atmosphere, typically in a matter of minutes to hours.

Hydrogen is usually reflective of partial discharge,
and carbon monoxide is most often due to paper
degradation in the transformer. The loss of these
gases would indicate that a faulty condition does not
exist when, in fact, it may. In addition, additional
concentrations of oxygen, nitrogen, and even carbon
dioxide can be dissolved into the oil from the external
atmosphere. The presence or absence of oxygen and
nitrogen helps one understand the condition of
the transformer’s preservation system and whether
the gaskets, O-rings, and/or conservator bladder
are performing their intended functions. Elevated
oxygen and nitrogen concentrations may indicate
there is a leak, where the apparatus may be perfectly
sealed resulting in unneeded costly maintenance.

For free-breathing LTCs and OCBs, a high amount
of oxygen that is commensurate to the amount of
oxygen in the air is expected. When oxygen levels
fall low, it usually indicates that advanced aging of
the oil is occurring or that the apparatus breathing
mechanism is plugged. If the incorrect sample
container is used or the sample is not taken properly,
atmospheric oxygen will be present, and these types
of conditions cannot be determined.

WATER CONTENT

Accurate water content values help determine the
wetness or dryness of the entire insulation system
including the paper or solid insulation. It must be
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remembered that most transformers are dry and are
intended to stay that way to minimize aging of the
solid insulation. Aging of solid insulation is directly
proportional to water content. As paper ages, it
produces water as one of the byproducts, so the
amount of water in the transformer will gradually
increase over time. Samples must properly reflect
those conditions.

Selecting the correct sample
container is imperative for

keeping the properties of the

samples intact and reflective
of the properties of the bulk
insulating liquid in the
electrical apparatus.

The best time to take samples in the northern
hemisphere is usually the summer months when
most transformers are operating at highest load
and warmest environmental temperatures. This
condition will provide the best estimate of the
water condition existing in the solid insulation
of the apparatus. However, the summer months
are also the most humid months, and contact of
the insulating liquid with the humid atmosphere
can increase the water content of the sample both
dramatically and quickly, so this must be guarded
against.

Thus, samples for water content must only be taken
in enclosed systems such as DGA glass syringes.
Even taking samples in metal bottles that can be
filled to overflowing can be impacted, as the humid
air in the bottle during filling will increase the water
content by several ppm(mg/kg). A difference in a
few ppm(mg/kg) can make a dramatic difference in
calculating the water in paper content.

Environmental humidity will also negatively
impact dielectric strength, especially in plastic
bottles, as plastic is not a solid barrier against

the ingress of water into the sample. Dielectric
strength is reduced by increasing water content
and particles. Plastic bottles allow water to diffuse
across the plastic and can increase the water
content substantially in just a few hours due to the
natural physical process of the humidity outside
the sample container trying to reach equilibrium
with the humidity of the insulating liquid inside
the sample container. This may result in lower
dielectric strength of a sample when tested in a
laboratory as compared to the insulating liquid
that exists in the actual apparatus. Thus, plastic
containers are not advisable for use when water
content or dielectric strength measurements are
going to be conducted.

METHANOL/ETHANOL

Methanol and ethanol concentrations are chemical
aging markers that are produced from degradation
of cellulose inside the transformer. They are better
suited than furanic compounds in transformers
where thermally upgraded paper is present and are
commonly found in 65°C rise-rated transformers.
However, furanic compounds are light alcohols and
very volatile, so sampling for them must be treated
in the same way as DGA samples and taken in glass
syringes so they are not lost to the atmosphere.

These are but a few examples of how sample
analysis can be negatively impacted by choosing
the incorrect sample container. A variety of plastic,
glass, and metal bottles have been used over the
years along with glass syringes and steel cylinders.
ASTM D923, Standard Practice for Sampling
Electrical Insulating Liquids provides a list of sample
containers and the advantages and disadvantages
of each and should be consulted before drawing a
sample. Lewand & Koehler provide a very detailed
commentary on proper sampling technique and
sample containers.

SAMPLE CONTAINERS FOR WATER
CONTENT

To illustrate some of this information, research was
performed to determine which types of containers
are best at maintaining the quality of the sample
for water content analysis. Four types of sample
containers were evaluated in this nine-week testing:
high-density polyethylene (HDPE), glass bottles,

glass syringes, and aluminum bottles.
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Table 1: Water Ingress into Different Containers

Average of Three Determinations per Measurement, ASTM D1533, mg/kg (ppm)

Sample HDPE Glass Bottle Glass Syringe | Aluminum Bottle
Initial Bottle 1 3.8 3.4 3.4 4.8
Initial Bottle 10 5.0 5.7 5.9 9.8
Week 1 14.4 7.6 55 57
Week 2 20.9 5.5 4.4 4.6
Week 3 304 9.5 9.7 7.1
Week 4 29.2 8.7 7.5 52
Week 5 37.8 21.4 59 5.4
Week 6 40.9 29.6 7.7 6.3
Week 7 447 27.3 7.2 7.3
Week 8 45.0 17.1 8.0 7.3

Transformer oil (22 liters) was dried with nitrogen

50
to a water content of less than 5 mg/kg. This dried — Glass bottle — HDPE plastic
oil was transferred to 40 containers representing 10 R Glass syringe Aluminium bottle
each of four different container types: 1-liter HDPE 40

bottle, 1-quart glass bottle with a hard plastic cap
and paper liner, 50-ml glass syringe, and 1-liter
aluminum bottle with sure-lock cap fitted with an
aluminum liner. The containers were uncapped and

Water content, mg/kg
N
(8]

aspirated with compressed air to remove unwanted 20
particles and then transferred to a glove bag 15
previously filled with nitrogen. All containers were
filled with oil inside the glove bag. 10
5 V\
Each container was filled to overflowing with oil
Initial Wk1 Wk2 Wk3 Wk4 Wk5 Wké Wk7 Wk8

and capped. Syringes were filled to the 40-ml mark,
and all gas bubbles were expelled. The stopcocks
and caps were then checked for tightness on each
container. After filling, the first and last samples of
each category were tested for water content within
1 hour. The rest of the samples were maintained in
a glove bag under conditions of room temperature
(approximately 22.5°C) and high humidity (83%
to 88%). One sample for each category was tested
weekly and the results recorded. The results are
presented in Table 1.

The graph in Figure 1 summarizes the results from

Table 1.

Results over the eight-week period indicate that
HDPE bottles are not suitable for long- term storage
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Storage duration

Figure 1: Water Ingress into Various Containers under

Controlled Condlitions

when a water content test is to be performed. As
Figure 1 indicates, the maximum water content
at the end of the experiment was 45 ppm for the
HDPE bottle; the other containers were much
lower. In addition, the caps worked loose on both
the HDPE and glass bottles over time. If sample
integrity is to be maintained for a long time, then
periodic resealing of the caps is necessary.

Figure 1 depicted how the oil in each container
fluctuated in water content in relation to the maximum




Table 2: Suggested Sampling Container Applications

Tests Container Type

DGA, water, methanol/ethanol

Glass syringes, aluminum bottles for water only

Furanic compounds, oil quality

Particle-free glass bottles, aluminum bottles

water content that could be dissolved in oil using 88%
relative humidity and a laboratory temperature of
22.5°C. At 22.5°C, 100% saturation of water in oil
is about 61.2 ppm. Eighty-eight percent of 61.2 ppm
is 53.9 mg/kg. Those were the concentrations used to
calculate to what percentage the oil in each container
rose in relative saturation over time. As shown in
Figure 1, the HDPE plastic container was almost 84%
(45 ppm/53.8 ppm) of that value by experiment’s end,
whereas the glass bottle rose to 32%, and the syringe
was only about 15%. The aluminum bottle stayed
fairly constant at 10 to 12%.

It is obvious that external relative humidity impacts
the water content of the sample in certain containers,
specifically HDPE plastic bottles. Testing the
sample quickly and keeping the relative humidity
in the laboratory low would negate some of these
effects. However, keeping the relative humidity in
the laboratory too low may also have the opposite
effect. Equilibrium with the relative humidity of the

Figure 2: Bottles and Syringes for Water Ingress Test

ambient environment would also tend to dry the
sample if the concentration of water on the outside
of the sample container was less than the water in
the oil in the sample container.

These effects do not seem to manifest themselves
in either syringes or aluminum bottles. Therefore,
syringes and aluminum bottles are the best
containers to store oil for determining water content
in transformer insulating liquid samples (Figure 2).

Because glass bottles cannot be filled to the top
because of possible breakage due to expansion and
contraction, some atmosphere exists inside the
bottle. The external atmosphere can definitely affect
the final water content of the sample prior to analysis,
especially if that atmosphere is really humid.

CONCLUSION

Selecting the correct sample container is imperative
to keeping the properties of the samples intact and
reflective of the properties of the bulk insulating
liquid in the electrical apparatus. Evaluating the
laboratory test data of such samples may yield
incorrect or incomplete diagnostics. Remember that
the analysis is only as good as the sample taken.

It has been our experience that the only compatible
plastic bottle is high-density polyethylene (HDPE)
plastic. However, we have moved away from plastic
bottles almost completely because of the particles
present in plastic bottles from the manufacturing
process and the speed in which water can move
through the plastic into the sample. Table 2
provides suggestions on which containers to use for
particular applications.

Lastly, the caps for glass bottles must also be selected
carefully. The only acceptable types are those caps
with foil, polyethylene, polypropylene, or PTFE
liners.
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REFERENCES ASTM D923-2015, Standard Practices for

Lewand, L.R. and Koehler, D. “The Science of Sampling Electrical Insulating Liguids, ASTM
Sampling Insulating Liquids,” NETA Powertest International, West Conshohocken, PA,
Conference, 2013. 2015, www.astm.org.

Lewand L.R. and Griffin PJ. “How to Reduce the
Rate of Aging in Transformer Insulation,” NETA
World, Spring, 1995.

LANCE R. LEWAND is the Technical Director for the Doble Insulating Materials Laboratory.

The Insulating Materials Laboratory is responsible for routine and investigative analyses of
liquid and solid dielectrics for electric apparatus. Since joining Doble in 1992, Lance has

published over 75 technical papers pertaining to testing and sampling of electrical insulating
materials and laboratory diagnostics. He is actively involved in professional organizations in-

cluding the American Chemical Society; has served on the ASTM D-27 since 1989 and chairs
ASTM Committee D-27 as well as Subcommittee 06 on Chemical Tests; is secretary of the
Doble Committee on Insulating Materials, and represents the U.S. on the National Commit-
tee for TC10 of the International Electrotechnical Commission (IEC) and I1SO TC2. Lance
is a recipient of the ASTM Award of Merit for Committee D-27. He received his BS from St.

Marys College of Maryland.

DAVID KOEHLER s the Business Development Manager, Professional Services for Doble En-
gineering Company. He has 23 years of experience in the testing of insulating liquids and
management of analytical laboratories. He has provided numerous technical presentations and
published technical articles within the power industry and is an active contributor ar NETA’s
PowerTest Conference. David is Vice President-elect for IEEE Member and Geographic Ac-
tivities (MGA) and a member of [EEES Honor Society, HKN. He served on the IEEE Board
of Directors from 2019-2020 and will serve on the IEEE Board of Directors again in 2022.
David is a member of the ASTM D-27 Technical Committee on Electrical Insulating Liquids
and Gases and serves as an Advisory Board Member for Engineering and Technology at Emb-
ry-Riddle Aeronautical University, Worldwide Campus. David is a past Executive Committee
member of the Indiana American Chemical Society. He received a BS in chemistry from Indi-
ana University and obtained his MBA.
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TEAM

TRAINING AND HR

BY CHUCK BAKER, SDMyers

he good training manager has some form

of a current training program that they

inherited, inherited and modified, or cre-

ated themselves. This training manager un-
derstands the applicable laws and regulations and
makes sure each person is properly trained to fulfill
their job responsibilities. They have a thorough,
regular, and repetitive program.

Regulations are covered, everything is compliant,
and it looks like you have a solid program and just
need to maintain, watching for possible changes in
the future. But what else can you do to increase the
availability of qualified candidates for positions you
are trying to fill and at the same time decrease the
impact of resignation or termination?

Why do I ask? Well, I would say that having a
goal to maintaining as-is today can be dangerous.
Ladders.com recently reported that:

u In the last eight years, the number of HR profession-
als reporting problems finding qualified employees
has gone up from 50% to 68%. This increases the
challenge and requires additional creativity.

m The challenge of requiring the appropriate
expertise to replace a seasoned employee
complicates the process even more, as there are
ever fewer properly experienced candidates.

m It has been predicted that this decrease in
qualified candidates will continue to degrade
over the next 10 years.

HR AND TRAINING TEAM UP

So lets look at training from another perspective:
HR and training teaming up to meet the challenge.
In the last article, we talked about working with each
employee to help understand their individual interests,
their goals, and what training could benefit them. If you
do this, you will begin to see similar interests through
each group or department, and you will see common
goals and desires. This provides you with the ability
to begin to build up the expertise of these individuals,
teams, divisions, etc. for their next step. You know —
the desired next step of quality employees.

What if you were to meet this challenge by building
a training program to handle the dilemma of
lack of experienced candidates and acknowledge
these discovered goals of your current employees?
This means your responsibilities (as well as HR’s)
would include understanding job functions and
the talent required. This includes all positions,
from simple to complex. By doing this, HR’s in-
depth understanding of each position would allow
them to more accurately evaluate candidates who
don’t have full experience but might cover 50% or
60% of the key functions...and with your training
program that can be a functional option.

If you understand the needs of each position and the
desires of each employee, you can begin to forecast
what will happen in the future. You have the statistics
on turnover for each employee position. To tackle the
challenge of finding qualified employees, lets start to
cross-train individuals for their desired next step before
opening the position. The reason this typically doesn't
happen is lack of resources. But combining these
problems by having HR search and hire candidates
prior to the opening allows you to train the new hire
and, at the same time, cross-train the person who is
going to be promoted in their desired next step. Some
excess labor, but this is an approach that handles the
challenge of finding employees without hesitation in
your business and production process.

HIRE EARLY
When you get some resistance to the idea of
hiring early for cross-training, communicate
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the cost of the unplanned loss of an employee
including the cost of finding the right employee.
According to Employee Benefit News, employers
spend around 33% of a worker’s annual salary
during the replacement process.

Hiring early will accomplish two things:

B You can cross-train the new employee with
sufficient time built in to spend with the person
still holding the position.

m The person who currently holds the position will
have extra time to begin to train for their next
desired position.

When you hire a good candidate early and have an
effective cross training program, you are training
the new hire for their eventual position, and that
person will contribute along the way. Not only do
you eliminate the 20%, but the training of the new
employee is much better, and they will contribute
as you direct them on learning the new position(s).
If your company endorses hiring when you find
the right match (with justification), you have
reduced the impact of unexpected resignations or
terminations.

This certainly isn’t easy, but it is an approach that
can be built over time and deepens your training
program by allowing candidates to have more
expertise when they take the next step. Using this
strategy is an advantage to the company not just
financially, but in increasing employee satisfaction
because they know cross-training to their desired
next step is a normal part of the company culture.

Preparing a training program for a person who is going
to cross-train on their desired position requires the
trainer to assemble a detailed training plan. To define
each key component of each position, work with the
people currently in that position on how to train, and
then set up a repetitive schedule for this cross-training.

Work with the department hosting the cross-trainer
from another department to set up schedules, key
areas to be taught/learned, and select the right person
to host the trainee. Two hours a week or one day a

week would both be beneficial in achieving the goal.

As a training manager, your responsibilities in this
process will include tracking the progress of each
person’s training, which is a critical factor that is
sometimes missed. Test employees throughout the
training process to track their progress and pace,
confirm their desire to eventually move to this
position, and evaluate how effective the training
process was. You will find that the training for
each position will improve through experience
as the program advances. This is a result of your
involvement in setting goals for the trainee and
establishing the time required to learn each function.

CONCLUSION

With this approach, you have the HR department
doingan aggressive search based on the predictability
of need and hiring those who are not 100%
qualified. You have an established program of using
available time during the pre-hiring training of
new employees upon arrival. Finally, excess time is
used to train a qualified existing employee for their
desired next step.

REFERENCES

Burnett, J. “Employers having a tough time finding
qualified candidates, survey says.” ONLINE:
hitps:/fwww. theladders.com/career-advice/employers-
trouble-finding-qualified-candidates-glassdoor-

survey.

Terra Staffing Group. “The Real Cost of Employee
Turnover in 2020.” ONLINE: hzps:/fwww.
terrastaffinggroup.com/resources/blog/cost-of-
employee-turnover.
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CHUCK BAKER s the General Manager of the SDMyers Electric IQ Division, which offers
a variety of training courses related to transformer maintenance. Chuck entered the world of
substation and power maintenance 36 years ago and has spent a majority of that career on the
operations side of power and distribution system maintenance and the development of power
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TECHNICAL AND PROFESSIONAL TRAINING

Training Institute: The One Stop for
Electrical Safety and Maintenance Training

f it’'s electrical, AVO Training Institute is focused on it. Electrical safety and maintenance training is not just a part

of our offering, it's our sole focus. That's why we offer more electrical training courses than any other training

facility. Our training is available as hands-on at any one of our 12 training facilities throughout the US. or
virtually through instructor-led, live training on your computer. We also offer custom & onsite courses that wil

save you money: training your staff, on your equipment.

Electrical Maintenance

e Substation 1 &2

¢ Protective Relay (Basic & Advanced)

e Cable (Splicing & Terminating, Fault Location & Tracing, Testing & Diagnastics)
o Circuit Breaker (Low-Voltage, Medium-Voltage, Molded & Insulated Case, SF6)
e Transformer (Basic & Advanced)

* Motors (Motor Maintenance & Testing, Motor Controls & Starters)

* Microprocessor-Based Relay Testing (Generation, Feeder, Transformer)

* Battery Maintenance &Testing

© Power Factor Testing

e Grounding & Bonding

* Power Quality & Harmonics

* Programmable Logic Controllers, Maintenance & Troubleshooting

* Protective Device (For Industry & For Utilities)

o Short Circuit Analysis

* Protective Relay Maintenance (Generation & Solid-State)

¢ Infrared Thermography 1 & 2

* Advanced Visual Testing Software

* Energized Overhead Contact System Line Safety

Electrical Safety

 NFPA 70E®2021 (2-day)

o Electrical Safety for Industrial Facilities
¢ Electrical Safety for Utilities

® Electrical Safety for Inspectors

® Electrical Safety for Mining

© Electrical Safety for Overhead Contact Systems
* National Electrical Code 2020

* National Electrical Code Changes 2020

© OSHA Electrical Safety-Related Work Practices
© OHSA Generation, Transmission and Distribution
* Maritime Electrical Safety

%

TRAINING INSTITUTE

by Megger®

Electrical Fundamentals

® Basic Electrical

* Basic Electricity Troubleshooting
o Electronics for Electricians

o Electrical Print Reading — ANSI

© Electronics Troubleshooting

VIRTUAL | Live & Instructor-led

* Live, Remote Basic Electricity (3-day)

* Live, Remote Electric Print Reading (3-day)

© Live, Remote Substation: Components, Testing & Interpretation (5-day)
o Live, Remote NFPA 70E® 2021 (2-day)

* Live, Remote National Electrical Code Changes 2020 (2-day)

o Live, Remote National Electrical Code 2020 (4-day)

* Live, Remote Electrical Safety for Industrial Facilities (4-day)

o Live, Remote Electrical Safety for Utilities (4-day)

* Live, Remote Introduction to Protective Relay Maintenance (3.5-day)
* Live, Remote Introduction to Low Voltage Circuit Breakers (3-day)

877-594-3156

www.AVOtraining.com

Onsite Training, saves you money | Consulting Services | Certifications

CORPORATE ALLIANCE PARTNER

* NETA continuing technical development (CTDs) units are required of NETA Certified Technicians.
AVO Training Institute is accredited by the International Association for Continuing Education and
Training (IACET) and is accredited to issue the IACET CEU.

ACCREDITED

IAGET

[RIR@NIBIER
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Megger’s Testing Tactics Webinar Series 2021

earn valuable testing tips and tricks from Megger application engineers and product managers. In this
webinar series, our experienced staff will show you how to make your testing more efficient by sharing
their lessons learned in the field. You will find answers to frequently asked questions, learn how to avoid

the most common mistakes, and accelerate your testing.

Upcoming Webinars * Fundamentals of Transformer Commissioning
........................................................................... and Maintenance Tesl‘ing
* Primary Current Injection Applications for January 15, 2021 | Presenter: Sanket Bolar

Low Voltage Circuit Breakers, Reclosers,
Sectionalizers and CTs
August 20, 2021 | Presenter: Jason Aaron

e LV Circuit Breaker Ground Fault Protection
Utilizing Primary Injection Test Method
December 18, 2020 | Presenter: Daniel Carreno

* Special Applications of Narrow Band DFR « Fundamentals of Motor Protection

Beyond Power Transformers - .

September 17, 2021 | Presenter: Diego Robalino November 20, 2020 | Presenter: David Beard

* State-of-the-Art Diagnostics Technologies for
Proactive Cable Condition Assessment

October 23, 2020 | Presenter: Robert Probst

e Advanced Recloser Testing
October 15, 2021 | Presenter: David Beard

* Best Practices and Techniques for Cable Fault

Location and Special Applications How to Join Megger Webinar Series
November 19, 2021 | Presenter: Javier RUIZ ~ coseeesormmommomteeeoiiietee it ottt

* Megger Webinars are held on the 3rd Friday of
every month

¢ Time: 10:00 AM Central Time

* Ground Fault Location on DC Systems
December 17, 2021 | Presenter: Daniel Carreno

PI“eViOUS Webinal"s e Sessions are FREE

¢ Testing of 61850 Based Protection, Automation * Earn 1 NETA CTD and 1 PDH or 0.1 CEU
and Control Systems * us.megger.com/webinars
July 16,2021 | Presenter: Abel Gonzalez

* Field Challenges of Measuring Transformer Earn Credits
winding Resistance and on Loud Tap chunger ---------------------------------------------------------------------------
Troubleshooting Megger has partnered with NETA (International Electrical
June 18, 2021 | Presenter: Sameer Kulkarni Testing Association) in North America to present the special

monthly webinar series Testing Tactics that allows webinar
registrants to receive NETA CTDs (Continuing Technical
Development Credits) for attending the live webinar

e Practical Aspects of PD Testing for Cable
Condition Assessment
May 21, 2021 | Presenter: Robert Probst

e Only atftend f the live Testing Tactics webi
e On-site Insulation Analysis for GIS using UHF e o e 9 pedbalinl

. sessions are eligible to receive 1 NETA CTD (Continuing
and Acoustic PD Measurements Technical Development Credit) and 0.1 CEU (Continuing
April 16, 2021 | Presenter: Charles Nybeck Education Units) or 1 PDH (Professional Development Hour)

¢ Advanced Testing and Assessment of Instrument for each webinar attended.

Transformers
March 19, 2021 | Presenter: Volney Naranjo

¢ Understanding Different Transmission Line
Protection Schemes
February 19, 2021 | Presenter: Sughosh Kuber

M e g g e r. Webinar Registration: us.megger.com/webinars

Megger designs and manufactures portable electrical test equipment. Megger products help
you install, improve efficiency, reduce cost, and extend the life of your or your customers’
electrical assets or your own. For more information, visit us.megger.com

* Live attendees of the webinar will also receive a PDF copy
of the PowerPoint presentation.



An Engineer’s Playground

“Amazing! 10 out of 10. This was very very helpful and knowledgeable...
...Many thanks to OMICRON...”

- M. Shaik, webinar participant

Excellence Through Education

Many people refer to the OMICRON Academy in Houston as

“An Engineer’s Playground.” This is because, in addition to classrooms,

we also have a state-of-the-art indoor substation with a variety of apparatus

to perform hands-on testing, including transformers, circuit breakers, protective relays, PD
testing area, and our recently installed distribution automation wall. Our instructors also use

this playground for our virtual training courses.

Training Topics

¢ Protection Relays and Meters Testing e Power Transformer Testing & Diagnostics
¢ Digital Substations and IEC 61850 e Circuit Breaker/Switchgear Testing

¢ End-to-End Testing e Instrument Transformer Testing

e Generator Protection e Partial Discharge Testing

e Protection Theory e And More...

¢ Reclosers and Distribution Automation

See our full list of courses at omicronenergy.com/na-training
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SDMyers: In electrical system maintenance and
management, knowledge means powe

ffective power system management requires special skills acquired from years of hands-on experience.

Today’s diminishing number of experts is causing a growing need for specialized training to ensure

these skills are not lost. SDMyers offers Electric Power IQ training, giving you and your team the
opportunity to benefit from our 55+ years of electric power maintenance expertise. Study online using our

pre-recorded e-learning sessions, participate in live, online courses, or host a private virtual training session for

your team with our instructors. We cover everything you need to know to keep your system reliable.

E-learning Live online—Advanced
* Transformer Management 1—Modules ¢ Tr‘ansformer Management 2
Comprised of 32 prerecorded modules, these courses lay This 3-day course is for the person who understands the
a strong foundation for those who are in any way individual components of transformer maintenance-oil
responsible for transformer maintenance. Each module testing, electrical testing, and maintenance standards-and
can be taken on demand within one year of first access. is responsible for applying this knowledge. Attendees will
explore the importance of determining what maintenance
* Dry-Type Transformers to perform and when, based on Reliability Centered
This is a 3-part series that covers design comparison and Maintenance Procedures, through practical exercises,
purchasing considerations, the selection process, and the breakout groups, discussion groups, and more.

maintenance of dry-type transformers.
* Transformer Management 3

« Electrical Skills Series This 3-day course examines the transformer lifecycle,
These electrical training courses cover the fundamentals including new equipment purchasing, disposal of old
of electricity and cover how to safely maintain, transformers, transportation, installation and start-up, and
troubleshoot, and repair industrial electrical equipment. reliability management. We review each step, from factory
This series consists of 8 Learning Plans and 30 Courses. testing to final energization. This course is the summation
*These courses are eligible for PDH credits only of the technical training process and includes a working

case study so attendees can apply each topic to a real-

* Basic Skills Series world situation. Level 3 is for the Lead or Manager of
The basic skills training courses will empower your transformers and substations.
workplace with the knowledge, skills, and support to
perform their jobs comfortably, safely, and effectively. * Dissolved Gas Analysis (DGA) Workshop
This series consists of 2 Learning Plans and 13 Courses. This 3-hour workshop takes a deep dive into fault gases
*These courses are eligible for PDH credits only and what causes their formation. Learn how to use DGA

interpretation tools and how to apply your results to

* Safety Skills Series managing and increasing the life of the transformer.
This course educates and empowers you on how to Attendees will work through reallife case studies using
recognize and prevent at-risk conditions or behavior various DGA interpretation tools, discuss their findings,
before they lead to an incident. This series consists of 1 and make recommendations for corrective action.
Learning Plan and 10 Courses.
*These courses are eligible for PDH credits only SDMyers courses are eligible for the NETA CTD units that are
. . . required of NETA Certified Technicians, Professional

Live online—Foundational Development Hours (PDH), and Continuous Education Credits

* Transformer Munagemenf 1 (CEU) via Kent State University.
This 9-session course provides a foundational . . . .
understanding of the internal and external elements of For information or to register online: courses.sdmyers.com

the transformer, the essentials of transformer operation
and maintenance implementation, and related industry
standards. It covers the chemical, mechanical,
electrical, and reliability components of transformer
management. Training sessions include case studies,
Q&A sessions, and interactive activities. This course is
presented in both English and Spanish.

To contact a Training Advisor:

(East of the Mississippi River & Canadal)
Tara Tisevich 330.630.7000 ext 4018
Tara.Tisevich@sdmyers.com

(West of the Mississippi River and International)
Traci Hopkins 330.630.7000 ext 3485

Inspection & Sampling of Transformers Traci.Hopkins@sdmyers.com
In this 3-hour course you will learn the safe procedures

needed to obtain a representative sample of dielectric SDM o g
fluid for more accurate lab analysis. yers SERIOUS RELIABILITY TRAINING
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Shermco Ind (V) S'I'ries: CEUs available from
IEEE

Your Electrical Safety Experts

hermco is a leader in electrical power systems maintenance, repair, and testing, and for years, we

have trained others in those skills. Offering onsite, classroom, and hands-on training, Shermco conducts

a wide variety of courses covering Electrical Systems Maintenance, Electrical Safety, and Electrical
Technical Skills. Some of the most influential leaders in electrical safety work at Shermco Industries, and now you
have direct access to that experience and expertise! Shermco offers technical and electrical safety programs
yearround and at multiple locations in the U.S. and Canada. NETA CTDs and CEUs through IEEE are
available for most courses where applicable. Train with the experts. Train with Shermco.

Shermco University
Distance Learning Courses

e Electrical Safety Refresher

Electrical Safety for Qualified Electrical Workers

Electrical Safety for Managers

Electrical Safety for Non-Electrical Personnel

Electrical Safety for Utilities

National Electrical Code

¢ Company Custom Courses

How Does Distance Learning Work?

Teleconference courses are taught face-to-face and allow

live interaction between instructor and students even though
they may be in different geographic locations. Synchronous
tools such as text chat, audio chat, or video chat will provide
students with realtime access to the instructor while the class
is in session.

Class size limited to twenty (20) participants.

Enroll today by visiting www.shermco.com/training
or call 888-Shermco.

Call and reserve your seat today.
For more information, to download our current course catalog,

o W
s I® or to register online, go to www.shermco.com/training or

5
Shermco industries email ’rrqiningservices@shermco.com | AccrepiTED company |

SHERMCO.COM e 888-SHERMCO




Earn NETA CTD units...from anywhere!

Electric Power 1Q training is now live and online.

Virtual training courses Reserve your virtual

from SDMyers are eligible for the seat today!

NETA CTD units required of NETA SDMyers.com
Certified Technicians. 330.571.9283
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Electric Power IQ

SERIOUS RELIABILITY TRAINING

Shermco Real-World Training. To be-the best in your field, train with the best in the field.
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Shermco industries

www.shermco.com/training
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THE PREMIER ELE(TRI(AL MAINTENANCE AND SAFETY CONFERENCE

| 2022
POWERTEST | SAVE THt DATE

CONFERENCE HYATT REGENCY | DENVER, COLORADO

POWERTEST.ORG ‘ HOSTED BY

888.300.6382 NETA.



