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Feature

Figure 1 — Motor mounted capacitor

Figure 3 — Rusty chains on a Federal 
Pacific TC-525

Figure 2 — Externally mounted capacitor

Transformer Testing —
Are You Missing the Test Point?

by Rick Youngblood
American Electrical Testing Co.

It is common knowledge that transformer cost comprises anywhere from 40-
60 percent of the price of a substation. The cost has spiraled out of control, up 
40 percent from last year. These price increases have dried up the inventory 

of the used market and new transformers are averaging 50-56 weeks from order 
to arrival. All rewind shops are swamped, and their time lines are growing as well. 
Unfortunately, the majority of the U.S. transformer population is also at the end 
of the baby boom era and requires special care and testing if they are to continue 
to serve until the market can catch up. In some of the more progressive industries 
and utilities, transformer testing is nothing more than a walk around to look for 
leaks, nitrogen and oil levels, LTC count, and the temperature recorded by the 
hot spot and top oil gages. Some company maintenance and test personnel have 
implemented DGA testing but many still have no clue of its value.

The companies that do regularly test transformers are many times still guilty 
of only testing what is inside the tank and totally overlook many of the obvious 
other transformer failure producing indicators on the outside. To truly test a 
transformer 100 percent, all of the failure modes must be known and tested for 
on a regular basis.

All failure modes can be classified into one of the three following categories: 
mechanical, electrical and dielectric. Each of these categories should be further 
divided into internal and external testing. The last two divisions are what separate 
mediocre from the complete testing programs.

External Failure Modes
Mechanical failures are typically 

broken into LTC drive systems and 
cooling.

It is imperative the LTC make a full 
tap change at a speed where internal 
arcing damage is minimized. Items 
such as weak motor starting capaci-
tors (Figures 1 and 2) and low source 
voltage will cause the motor to labor, 
pull abnormally high currents, and 
eventually burn up if not protected 
by a safety of some sort. Motor volt-

age should not drop more than 10 
percent during tap change from  
1 L to 1 R. Low voltage means high 
current and overheating. Bad source 
wiring or corroded connections to 
the LTC can also be a culprit of 
low voltage.

Stiff rusty chains (Figure 3), weak 
drive springs, dry gear boxes and 
poor shaft alignment all contribute 
to tap changer and transformer 
failure and have nothing to do with 
the internal workings of LTC or 
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Figure 4 — Contact failure due to faulty drive mechanism

Dry “All Thread” 33 cam switch activators and rusty bearings cause 
timing errors, out of sequence stepping or failure in the end of stroke 
limit switches.

Figure 5 — ONAN naturally cooled through oil 

windings. Many transformer failures can be attributed to 
the failure of the dynamic braking system that stops the 
LTC on tap rather than partially on tap as can be seen 
below in Figure 4.

True maintenance of these items does not mean spraying 
them with WD-40 or any other solvent based penetrant. 
The only correct solution is to disassemble, clean, and repack 
the bearing or gear box with compatible grease and replace 
defective parts. 

My recently departed good friend and colleague, Butch 
Zimmerman, coined the phrase of using the solvent ap-
proach to repair as “maintenance man in a can.”

Cooling
Cooling is essential for long transformer life. Most 

transformers are designed for 55°C or 65°C rise. Using 
newer insulations such as Nomex®, temperatures of 95°C 
and higher can be achieved. These temperatures can only 
be maintained if the transformer operating conditions do 
not exceed the design limitations.

Unfortunately, in today’s operating environment, most 
end users are pushing loads well past nameplate design 
limitations resulting in increased winding temperatures. 
These temperatures are primarily due to increased losses 
such as I2R. Increased heating plays a major effect on the 
degradation of insulation quality and drastically diminishes 
its life expectancy. Here the standard 10°C rule of thumb 
still applies for insulation half life. 

Transformers are either self cooled through natural oil 
convection and rated ONAN (Figure 5) or fan cooled and 
rated ONAF Figures 6 and 7. In most extreme cases, forced 
oil or forced oil over water cooling with a rating of OFAF 
or OFWF (Figure 11) are used.

In each case, it is extremely important that proper tem-
perature transfer takes place. The design of the transformer 
relies on a specific heat transfer between the windings, oil 
and the radiator or cooler for heat extraction. Any increase 
in heat generation or any heat transfer reduction results in 
higher winding temperatures and shorter insulation life. 
Additionally, the dielectric fluid is degraded and will be 
covered in a later section.
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Figure 6 — ONAF cooling provided by fans used to supplement 
convection cooling (no external fans) using natural oil convection 
(bottom mount up draft)

Figure 7 — ONAF cooling provide by fans used to increase cooling 
using natural oil convection. (side mount)

Figure 8 

Figure 9 

Bottom mount fans blow air across the total length of 
the cooler or radiator but have higher motor failure due 
to water entrance around the shaft seal. The use of totally 
enclosed, nonvented motors with high quality shaft seals 
do, however, increase motor life. Inspection of these motors 
should be made monthly. Side-mounted fans have a longer 
life expectancy but tend to blow only across the section of 
the cooler or radiator where placed. Side-mounted fans are 
also very susceptible to prevalent wind direction which can 
help or defeat the air movement across the heat transfer 
surface. Open frame motors are not recommended in any 
case due to higher failure rates caused by environmental 
considerations.

Typically one fan failure does not cause serious problems 
but does result in an overall temperature increase for the 
transformer especially if it is overloaded as can be seen in 
infrared Figure 8. Fans typically fail in batches. They are 
manufactured at the same time and operate in the same 
environment. Observation of one failure should be an in-
dicator that others may be ready to fail as well leaving the 
transformer in danger of over temperature.

Figure 9 shows loss of cooling in some radiators due 
to concrete pad settling tilting the transformer. This can, 
in some cases, be corrected by increasing the oil level in 
the main tank to a level permitting oil flow through the 
radiators. Care should be taken to not overfill and create 
a problem due to oil expansion that takes place during 
overheating.
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Figure 10 

Figure 11 

Figure 12 — Stages of thrust washer wear new/failed

Figure 13 — Ball bearing failure leading to transformer failure

In Figure 10 all of the oil valves to the radiators are higher 
than the oil which prevents oil circulation. Low oil level can 
be a result of leaks or failure to be adequately filled when 
last serviced. One last issue causing the same consequence 
happens if the upper butterfly valves to the radiators are 
turned off during maintenance and not turned back on 
which prevents oil flow. A simple thermography test will 
reveal this life-robbing problem.

Forced oil pumping systems FOA/ FOW (Figure11) 
provide for high flow rates through radiators and the trans-
former providing maximum heat transfer.

Pump flow rate is hard to measure and typically uses 
a small vane gage located in the piping indicating pump 
ON or OFF activity. Flow indicators are not always ac-
curate. Many times during maintenance a gage is found to 
be stuck and does not truly indicate flow. A simple test can 
be performed by turning the pump off and looking at the 
indicators to determine if they read correctly. Pumps, them-
selves create their own set of failure modes in a transformer. 
Built to tight tolerances, they do not tolerate loose bear-
ings or bushings. As they age, bearings, bushings or thrust 
washers wear and can cause impeller drag on the pump 
housings (Figures 12 and 13). This causes large deposits of 
metal filings to be deposited in the transformer windings 
and eventually causes insulation failure as they vibrate at 
operating frequency and wear in.
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Figure 14 — Ultrasonic inspection of oil pump bearings

Figure 15 - Jofra Hot Well Probe Calibrator

Figure 16 — Standard winding temperature gage made by “Orto”.

Figure 17 — Temperature gage pug and cord

The use of a temperature well calibrator, as seen in Figure 
15, in combination with a continuity tester can determine 
set and trip points also also determine if the microswitches 
used to sound alarms or trip the transformer actually work 
and trigger at the temperatures desired. Switch activation 
may mean the difference in tripping the transformer off 
safely or transformer failure (Figure16).

Ultrasonic inspection for bearing wear is an excellent 
test and can be performed at anytime as long as the pump 
is running as shown in Figure 14.

Electrical Testing
Electrical testing is normally thought of as tests such as 

TTR, insulation resistance, core ground and power factor. 
All are tests internal to the tank! External testing is just 
as important to maintain transformer health and prevent 
unwanted failures.

As previously discussed, transformer temperature is 
extremely important. Most end users take for granted the 
Hot Spot and Top Oil gages to be accurate and their alarms 
functional. Regular calibration of these indicators should 
be performed and many can be done without removing the 
transformer from service.

Be sure to check on the integrity of the plug and cable, 
a known trouble area as seen in Figure 17.

Oil level gages (Figure 18) can become stuck in one 
position after many years without movement. Most are 
magnetically coupled through the tank wall and can fail 
without notice. Oil leaks and multiple oil samples can all 
lead to low oil levels. Care should be taken to insure these 
gages work properly and if connected to alarms or trip 
circuits, provide the correct outputs. Magnetically coupled 
gages can be removed without the loss of oil and can be 
tested using a continuity check by rotating the gage to 
indicate low oil level.
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Figure 19 — Top connection overheating

Figure 18 — Liquid level gage

Figure 20 -Internal overheating due to overload

Figure 21 — Test tap overheating

Overheating of the test tap as seen in Figure 21 can be 
caused by a poor connection in the grounding cap. Partial 
discharge or an open circuit can lead to bushing and trans-
former failure. Identified through thermography, this test 
can be performed at anytime while the unit is energized 
and can provide the important data to determine if a forced 
outage needs to occur to correct failure-causing problems.

Bushings
Bushing integrity is paramount. Bushings should be 

tested during transformer outages as per NETA specifica-
tions. Other tests such as thermography can be performed 
during normal operating periods providing valuable infor-
mation as to transformer health.

High resistance on top connection to a bushing (Figure 
19) can cause conductor failure and/or internal bushing 
pressurization and ultimately bushing failure. Complete 
overheating (Figure 20) occurs due to high resistance in-
ternal to the bushing or in many cases today, overloading 
of the bushing beyond design limits.
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Conclusions
Transformer testing whether internal or external is para-

mount in providing the maximum life expectancy of our 
equipment whether new or one from our aging fleet. Only 
if all possible failure modes are addressed can we be certain 
to provide our customers with a level of certainty that we 
have done everything possible to insure the integrity of their 
transformers. Nothing worse can happen to a test technician 
than a call form a customer asking why their transformer 
failed only to find out an omitted test could have caught 
the problem and prevented the failure. It is the difference 
between a mediocre and an excellent testing program.

Are you missing the test point?   
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Dielectric Maintenance
Oil and insulation maintenance is paramount to trans-

former life expectancy. Paper insulation is designed to be 
pliable and give with fault current winding distortion. The 
addition of heat damages paper insulation irreversibly. Paper 
becomes brittle and no longer gives with winding distortion. 
Once the pliability of the paper is lost, the insulation will 
begin to crack under fault conditions providing a path for 
turn-to-turn shorts and eventual winding and transformer 
failure. Oil is designed to provide cooling and insulating 
strength. Addition of water and oxygen decreases dielec-
tric strength and begins acid formation. Loss of dielectric 
strength leads to partial discharge or flash over and again 
insulation failure. Dielectric testing is required to determine 
both insulating oil and paper health. Typical oil tests are 
dissolved gas analysis, dielectric breakdown, power factor, 
acidity, IFT, color, and Karl Fisher. Other tests such as 
degree of polymerization and furnanic compounds can be 
useful in determining the condition and remaining life of the 
insulation and should be done frequently as the transformer 
ages or in cases of overloaded or overheated units. All can 
be done with the transformer in service. 


