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Acronyms and Abbreviations 

A air 

ANA self-cooled, nonventilated kW kilowatt 

ANSI American National Standards IEEE Institute of Electrical and 

Institute Electronic Engineers 

CEGB Central Electric Generating M/DW moisture by dry weight 

Board mg milligram 

cfm cubic feet per minute mva mega-volt-amps 

CH4 methane ND not detected 

C2 H2 acetylene N2 nitrogen 

C2 H4 ethylene O oil 

C2 H6 ethane O2 oxygen 

CO carbon monoxide OD outer diameter 

CO2 carbon dioxide ppb parts per billion 

CT current transformer ppm parts per million 

DBPC Ditertiary Butyl Paracresol psi pounds per square inch 

DGA dissolved gas analysis Reclamation Bureau of Reclamation 

EHV extra high voltage SCADA Supervisory Control and Data 

FA forced air (fans) Acquisition 

FO forced oil (pumps) STP standard temperature and 

G some type of gas pressure 

GA gas, self-cooled TDCG total dissolved combustible gas 

gm grams TOA Transformer Oil Analyst 

GSU generator step up TTR transformer turns ratio test 

H2 hydrogen TSC Technical Service Center 

ID inner diameter UV ultraviolet 

IFT interfacial tension V volts 

IEC International Electrotechnical W water/oil heat exchanger 

Commission 

IR infrared 

JHA job hazard analysis 

KOH potassium hydroxide 

kV kilovolt 

kVA kilovoltampere 
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Figure 3.—Pressure Relief Device. 

If oil has had to be lowered in the transformer or conservator for other reasons
(e.g., inspections), check the oil level float mechanism.  Rotate the float
mechanism by hand to check for free movement.  Check the float visually to make
sure it is secure to the arm and that the arm is in the proper shape.  Some arms
are formed (not straight).  

4.1.5  Pressure Relief Devices.  These devices are the transformers’ last line of
defense against excessive internal pressure.  In case of a fault or short circuit, the
resultant arc instantly vaporizes surrounding oil, causing a rapid buildup of
gaseous pressure.  If the pressure relief device does not operate properly
and pressure is not sufficiently relieved within a few milliseconds, a
catastrophic tank rupture can result, spreading flaming oil over a wide
area.  Two types of these devices are discussed below.  The instruction manual for
your transformer must be consulted for specifics. 

Caution:  Never paint pressure-relief devices because paint can cause the plunger
or rotating shaft to stick.  Then the device might not relieve pressure, which could
lead to catastrophic tank failure during a fault.  Look at the top of the device; on
newer units, a yellow or blue button should be visible.  If these have been painted,
the button will be the same color as the tank.  On older units, a red flag should be
visible; if it has been painted, it will be the same color as the tank.
If they have been painted, they should be replaced.  It is virtually impossible to
remove all paint from the mechanism and be certain the device will work when
needed.

Newer Pressure Relief
Devices.  Newer pressure
relief devices are spring-loaded
valves that automatically
reclose following a pressure
release.  The springs are held
in compression by the cover
and press on a disc which seals
an opening in the tank top.  If
pressure in the tank exceeds
operating pressure, the disk
moves upward and relieves
pressure.  As pressure
decreases, the springs reclose
the valve.  After operating, this
device leaves a brightly colored
rod (bright yellow for oil, blue for silicone) exposed approximately 2 inches above
the top.  This rod is easily seen upon inspection, although it is not always visible
from floor level.  The rod may be reset by pressing on the top until it is again
recessed into the device. The switch must also be manually reset.  A relief device
is shown in the open position in figure 3 above.  
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Figure 4.—Sudden Pressure Relay.

Once each year and as soon as possible after a through-fault or internal fault,
examine the indicator flag to see if the device has operated.  They must be
examined from a high-lift bucket if the transformer is energized.  A clearance
must be obtained to test, repair, or reset the device.  See the instruction manual
for your specific transformer.  Test alarm/trip circuits by operating the switch
byhand.  Check to make sure the correct annunciator point activates.  

Every 3 to 5 years, when doing other maintenance or testing, examine the top of
the transformer tank around the pressure relief device.  If the transformer has a
conservator and oil is visible, the device is leaking, either around the tank gasket
or relief diaphragm.  The gasket and/or device must be replaced.  Take care that
the new device will fit the same tank opening prior to ordering.  Most of them are
made by the Qualitrol Company; contact the manufacturer to obtain a correct
replacement.

 
4.1.6  Sudden Pressure Relay.  Internal arcing in an oil-filled power
transformer can instantly vaporize surrounding oil, generating gas pressures that
can cause catastrophic failure, rupture the tank, and spread flaming oil over a
large area.  This can damage or destroy other equipment in addition to the
transformer and presents extreme hazards to workers.

The relay is designed to detect a sudden pressure increase caused by arcing.  It is
set to operate before the pressure relief device.  The control circuit should de-
energize the transformer and provide an alarm.  The relay will ignore normal
pressure changes such as oil-pump surges, temperature changes, etc.  

Modern sudden pressure relays consist of three bellows (see figure 4) with silicone
sealed inside.  Changes in pressure in the transformer deflect the main sensing
bellows.  Silicone inside acts on two control bellows arranged like a balance beam,
one on each side.  One bellows senses pressure changes through a small orifice. 
The opening is automatically changed by a bimetallic strip to adjust for normal
temperature
changes of the oil. 
The orifice delays
pressure changes in
this bellows.  The
other bellows
responds to
immediate pressure
changes and is
affected much more
quickly.  Pressure
difference tilts the
balance beam and
activates the switch. 
This type relay
automatically resets
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Figure 8.—Pressurized Inert Gas
Transformer.

                
                  Front View                   Side View

Figure 9.—Gas Pressure Control
 Components.

connected to read low pressure gas
inside the tank.  This gage may be
located on the transformer and
normally has high and low pressure
alarm contacts.  See section 4.2.2
which follows.

Caution:  When replacing nitrogen
cylinders, do not just order a
“nitrogen cylinder” from the local
welding supplier.  Nitrogen for
transformers should meet ASTM
D-1933 Type III with - 59 °C dew
point as specified in IEEE
C-57.12.00-1993, paragraph 6.6.3
[27, 2].

4.2.2  Gas Pressure Control
Components.  After 1 month of
service and yearly, inspect the gas pressure control components.  There is
normally an adjustable, three-element pressure control system for inert gas,
which maintains a pressure range of 0.5 to 5 psi in the transformer tank.  There is
also a bleeder valve that  exhausts gas to atmosphere when pressure exceeds relief
pressure of the valve, normally 5 to 8 psi. 

Caution:  The
component part
descriptions below are
for the typical three-
stage pressure
regulating equipment
supplying inert gas to
the transformer.  Your
particular unit may be
different, so check your
transformer instruction
manual.  

High Pressure Gage. 
The high pressure gage
is attached between the
nitrogen cylinder and
high pressure regulator
that indicates cylinder
pressure.  When the
cylinder is full, the gage
will read approximately





































Figure 18.—Combustible Gas Generation Versus Temperature. 
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inside the structure, causing transformer cooling to be less efficient, and slowly over 
time temperature rises. (This was discussed earlier in “3. Transformer Cooling 
Methods.”) Acids cause an increase in the rate of decay, which forms more acid, 
sludge, and moisture at a faster rate [20]. This is a vicious cycle of increasing speed 
forming more acid and causing more decay. The answer is to keep the transformer as 
dry as possible and as free of oxygen as possible. In addition, oxygen inhibitor should 
be watched in the DGA testing. The transformer oil should be dried when moisture 
reaches the values according to table 12. Inhibitor should be added (0.3% by weight 
ASTM D-3787) when the oil is processed. 

Water can exist in a transformer in five forms. 

1. Free water, at the bottom of the tank. 

2. Ice at the tank bottom (if the oil specific gravity is greater than 0.9, ice can float). 

3. Water can be in the form of a water/oil emulsion. 

4. Water can be dissolved in the oil and is given in ppm in the DGA. 

5. Water can be in the form of 
humidity if transformers have an inert gas blanket. 

Free water causes few problems 
with dielectric strength of oil; 
however, it should be drained as 
soon as possible. Having a water-
oil interface allows oil to dissolve 
water and transport it to the 
insulation. Problems with 
moisture in insulation were 
discussed above. If the transformer 
is out of service in winter, water 
can freeze. If oil specific gravity is 
greater than 0.9 (ice specific 
gravity), ice will float. This can 
cause transformer failure if the 
transformer is energized with 
floating ice inside. This is one 
reason that DGA laboratories test 
specific gravity of transformer oil. 

The amount of moisture that can be 
dissolved in oil increases with 
temperature. (See figure 19.) This 
is why hot oil is used to dryout a 
transformer. A water/oil emulsion 
can be formed by purifying oil at Figure 19.—Maximum Amount of Water 
too high temperature. When the oil Dissolved in Mineral Oil Versus 

Temperature. 
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