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Often just viewed as a form of ‘insurance’, an appropriate 

on-line monitor can not only provide a timely detection of 

main tank issues but also provide, arguably, an even more 

signifi cant contribution in the subsequent management 

of the event with the transformer remaining energised 

throughout.

On-line monitors for power transformers are many and 

varied but it is in the area of main tank monitoring that 

signifi cant interest lies. All too frequently, the primary role of 

such devices is seen as the early and reliable detection of 

pending issues in the main tank.

Whilst a valid perspective, the monitors actually offer 

their greatest contribution to risk mitigation, damage 

containment, and minimisation of potential adverse 

commercial outcomes (e.g.: from a premature shutdown), in 

the successive hours, days, or even longer periods following 

the detection of such an event. At worst, this information 

allows one to make informed decisions in real time that will 

allow a timely shutdown and load re-deployment and at best 

it will allow one the ability to manage a problem transformer 

for some considerable time whilst a repair is arranged or a 

replacement unit is sourced and on site. 

Interrogated In Real Time
Taking a step backwards for a moment to explore the 

issues being discussed here, one must naturally begin 

with the premise that the monitor is sensitive to the key 

indicators of main tank issues, is stable and accurate in its 

measurement of these parameters, is quick to respond to 

changes in the relevant indicators measured and able to 

track these correctly as they change in level , and is ideally 

capable of being readily interrogated in real time from a 

remote location where transformer load is also controlled. 

Rate Of Generation Of Hydrogen
Considering the underlying physics briefl y, there 

are three main tank issues of primary concern: partial 

discharge, thermal faults, and arcing. If we were to review 

the breakdown of an oil molecule in the event of any of 

these (fi gure 1) we note that the key signature of each of 

these mechanisms is the generation of Hydrogen. If we now 

consider how this phenomenon changes with severity of 

the mechanism (Figure 2) we note the rate of generation of 

Hydrogen is essentially proportional to the fault severity.

Thus, a main tank transformer monitor that can accurately 

and reliably detect Hydrogen to high stability and accuracy, 

  

All three fault 

types produce 

hydrogen gas

Figure 1 Hydrogen signatures
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as well as tracking such changes with time and mechanism 

severity, effectively permits the realisation of all the above 

goals.

One maker has achieved these outcomes by combining 

(importantly) a laboratory-quality Hydrogen detector, 

pumped oil circulation, a fast-acting gas extraction 

system, and a peltier-controlled normalised temperature 

environment, all in one device which is now being taken up 

widely in the Australasian region.

Returning to our objectives above, we are wishing to 

employ the monitor to determine with certainty:

early warning of any adverse trends developing in the • 

tank from the levels already known to be the case;

the stability of the observed issue;• 

its characterisation with loading.• 

The achievement of the fi rst point is not disputed…we have 

the technology for that. What we do next is the key thing.

Track In Real Time
Tracking the issues from there, one can certainly 

confi rm and correlate the observations to a fault 

type via either a portable or laboratory DGA process. 

Irrespectively, a good on-line monitor tuned to Hydrogen 

allows the asset owner to quickly determine, and track 

in real time, the rate of change of the issue. If this rate is 

relatively modest but the Hydrogen levels are well above 

earlier ‘normal’ operating levels, can move to lower load 

to see if it reduces the hydrogen generation rate (thus 

suggesting immediately that a thermal fault is the most 

likely scenario). Load can then be managed appropriately 

until a repair is effected.

Elevated but relatively modest Hydrogen levels that 

seem unrelated to load tend to be more a PD issue.

Levels rising with load when loadings have, for some 

reason, surpassed normally-experienced levels (perhaps 

following an outage of a companion transformer), but 

recovering if load is returned to a ‘normal’ range, can well 

be fl ux problems of a design nature. Often this scenario 

is only experienced for the fi rst time when exposed 

by increased loading after many years of trouble-free 

operation at modest loading levels.

High hydrogen levels that increase in generation rate 

over weeks/ months but still show a tendency to be load-

related can be worsening thermal faults, whereas major and 

sudden jumps to abnormally high levels of H2, as in Figure 

4, are most likely arcing faults (and often follow a worsening 

thermal fault). The latter pattern often characterises GSU 

and industrial transformer tail lead joint failures and would 

demand a prompt but ordered shutdown (Fig.5).

Even in this extreme scenario, with the assistance of 

the monitor to judge the matter, one need not necessarily 

be forced to shut the transformer down on the spot but 

would normally do so over a short period allowing load 

management contingencies to be invoked that would have 

logically been pre-arranged earlier in the failure scenario.

Concluding this discussion, even with the input of DGA 

analysis following a fault, the matter of fault qualifi cation 

with load is really only able to be determined in practice 

with the aid of an on-line monitor as described, one of 

the more signifi cant roles offered by investing in such 

technology.

This period was 

only two days !!

Figure 5 A failed lead termination joint in a GSU, causing 

the sudden rise in H2 in Figure 4.

Figure 4 Rapid deterioration of a severe thermal fault into an 

arcing one

Thermal Fault caught in time

Figure 2 Combustible Gas Generation vs. Approx. Oil Decomposition 

Temp. (‘fault severity’). Hydrogen is shown in red.
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