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Abstract. Nowadays, there are different possibilities of 
primary protection devices used in distribution pad-mounted 
transformers. However, analyzing the variety of systems offered 
by many manufacturers, the most offered one is a coordinated 
system of expulsion and partial range current-limiting fuses. 
Besides, this two-fuse-system has several advantages 
comparing to the use of only a general purpose fuse. Even 
though the correct selection of these two fuses, it is equally 
important to ensure a proper coordination between them due to 
security reasons. Each one has to cover the other one’s 
weaknesses. 
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1. Introduction 
 
Although pad-mounted distribution transformers have 
been used in North America’s distribution system for 
several decades, this kind of transformers have recently 
been introduced in the European distribution system. 
 
One of the most important differences between both 
types of transformer consists in the fact that the 
protection system in pad-mounted transformers is 
immersed in the dielectric liquid used by the transformer, 
under the same tank. 
 

Moreover, observing the most common overcurrent 
protections offered by the different manufacturers (Table 
I), it is possible to conclude that almost all of them are 
primary fuses (data obtained from manufacturers on-line 
catalogues, brochures and technical documents) [1]. 
 
Above the others, two options are the most offered ones: 
 
• Coordination system between an expulsion fuse 

(Bay-o-Net) and a partial-range current-limiting 
fuse. 

• The use of only a general-purpose current-limiting 
fuse (Dry-Well Canister fuse). 

 
As it is shown in [2,3], the first option has several 
advantages comparing with the second one: 
 
• The performance of two-fuse coordination has 

desirable characteristics, because each one works in 
its own rated range. Expulsion fuse protects against 
overloads and secondary faults, and the current-
limiting one against internal primary failures. 

• The first cost is lower. Canister fuses are 6-10 times 
more expensive than a Bay-o-Net fuse. Its holders 
are more expensive as well. 

 
 
 

Table I. Most common overcurrent protection devices 
 
 ABB COOPER ERMCO GE HOWARD 

INDUSTRIES MAGNETRON MGM SIEMENS SQUARE 
D 

Bay-o-Net Fuses X X X X X X X X X 
Internal Cartridge 
Fuse X X X X X   X X 

Internal Partial-Range 
CL Fuse X X X X X X X X X 

Dry-Well Canister 
Type Fuses X  X X X  X X X 

Clip-Mounted Live 
Front Fuses – Arc 
Strangler 

 X      X X 

Magnex® Interrupter  X        
Isolation Link  X    X  X  
 
 



• Lower fuse replacement cost. The more usual causes 
of fuse openings are overloads and secondary faults. 
In case of a two-fuse coordination, only the 
expulsion would need to be replaced. On the 
contrary, using the general purpose one, no matter 
what the incident is, the entire fuse is lost. 

• Lower maintenance cost. In secondary faults or 
overloads, there is no need to analyze possible 
internal failures, because each fuse has to open only 
in their proper range. 

 
For this purpose is necessary to get to know all the 
factors that may influence on the selection and 
coordination of the two fuses. Some of them will affect 
the expulsion fuse, others the current-limiting one and 
some both. 
 
2. Fuse characteristic curves 
 
The first important thing to take into consideration, 
previously to analyze the different factors, is the TCC 
(Time-Current Curves). Each fuse is usually defined by 
the two characteristic curves shown in figure 1. These 
curves are called: 
 
• Minimum melting curve (pre-arcing): The lowest 

current that will melt the fuse’s fusible element at a 
specified time and under specified conditions. 

• Total clearing curve: The time that elapses from the 
initiation of a current that will melt the element to 
the final interruption of the circuit. 

 

 
Fig. 1. Time current curves [4] 

 
Secondly, and even more important, is to ensure that each 
fuse should cover another one’s weaknesses. These 
weaknesses are: 
 
• In expulsion fuses, the rated maximum interrupting 

current is quite short. Despite it, in some cases 
(systems with low short circuit power) it would be 
enough to guarantee the protection. 

• Partial-range current-limiting fuses have a minimum 
interrupting current that should be protected by the 
chosen expulsion fuse. Otherwise, their correct 
performance is not guaranteed. 

 

3. Expulsion fuse selection 
 
The first fuse to select is the expulsion one, because the 
selection of the partial-range current-limiting fuse 
depends on this one. On the contrary, the expulsion fuse 
can be chosen without considering the other fuse. 
 
A. Overload Capability 
 
One aspect to take into account is the level of overload 
that the pad-mount transformer can withstand. This 
capability will depend basically on two aspects: 
 
• The temperature level reached by the different parts 

of the pad-mounted transformer (top-oil and hottest 
spot temperature). 

• The time the overload lasts (even if this overload is 
cyclical).  

 
Although, more accurate calculations would need thermal 
considerations, it would be interesting to have some kind 
of quick guide to use when it is necessary to decide the 
overload level allowed for the expulsion fuse. 
 
To be precise, a table based on top-oil and hot-spot 
temperature is mentioned in [5] for distribution 
transformers (types of loading also mentioned in [6]). 
This table includes overload limits that can be used to 
choose an expulsion fuse, depending on the posible 
overload foreseen in the transformer (see table II). 
 

Table II. Overload limits in distribution transformers 
 

 
Cyclical 
Normal 

Load 

Long Time 
Cyclical 

Emergency 
Loading 

Short Time 
Emergency 

Loading 

Current (p.u.) 1.5 1.8 2.0 
Hot-Spot 
Temperature 140 150 - 

Top Oil 
Temperature 105 115 - 

 
Furthermore, [7] provides a table based in short-time 
thermal load capability of oil-immersed transformers (see 
table III). 
 

Table III. Short-time thermal load capability 
 

Time Times Rated 
Current 

2 s 25x 
10 s 11.3x 
30 s 6.3x 
60 s 4.75x 

5 min 3x 
30 min 2x 

 
Apart from the previous standards and guides, Cooper 
Power Systems recommends some application criteria for 
expulsion fuse selection [8]: 
 
 
 



• Current Sensing Fuses: At 300 seconds, 
o 3x for 40 A fuse or smaller (tin elements) 
o 4x for 65 A fuse or larger (copper elements) 

• Dual Sensing or Dual Element Fuses: 200% of full 
load current for two hours and 160% for seven hours 
with, 

o Transformer preloaded to 75% 
o Ambient temperature 35 ºC 

 
B. Inrush currents 
 
Other aspects to be considered are the different inrush 
currents the transformer has to withstand [9]. The 
minimum melting curve of the expulsion fuse selected, 
should be above the inrush currents that are possible to 
appear. These inrush currents may appear in three 
different situations: 
 

1) Magnetizing Inrush Current 
 
It can be defined as the short-duration inrush of 
magnetizing current that occurs when an unloaded 
transformer is energized. Any energization current, 
among other variables, depends on the residual 
magnetism and the instantaneous voltage value when 
the transformer is conected. 
 

 
Fig. 2. Magnetizing inrush current [9] 

 
In [8]-[9]-[10] it is possible to find a recommendation 
about this inrush current: 
 
• 12x - 0.1seconds 
• 25x - 0.01 seconds 
 
Apart from that, as these values decrease inversely 
with the transformer rated power, there are several 
technical books where a complete range of power 
values is given (i.e. [13]-[14]). Moreover, the larger 
the transfomer is, the lower the inrush current peak 
become, but with larger duration. 
 

2) Hot Load Pickup Current 
 

These are inrush currents that occur when a 
transformer that is carrying load, experiences a 
momentary loss of source, followed by a re-
energization. An example of this can be when a 
remote circuit breaker opens, and almost immediately 

recloses again. In this case, the loads downstream will 
also influence on this inrush current. 
 
As previously, it is possible to find recommendable 
values of Hot Load Pickup Current in [9]: 
 
• 12x-15x - 0.1seconds 
 
When applying this restriction, two aspects are 
mentioned: 
 
• This inrush current is not applicable to 

transformers with industrial loads. 
• As the magnetizing inrush current, it decreases 

with the transformer power. 
 

3) Cold Load Pickup Current 
 

It is the loading imposed on transformers upon re-
energization following a system outage [6].  
 
After an outage, when the power is restored, 
thermostatically controlled appliances will try to 
return simultaneously to the same previous 
temperature. That is why the demand of power may be 
higher than its normal peak load, and maintained for 
tens of minutes. This duration will depend on many 
factors: 
 
• Day of the outage 
• Temperature conditions 
• Number of customers affected 
• Etc. 
 
Another important factor is the type of load. 
Concretely, this kind of inrush current affect 
industrial, commercial and institutional transformers 
much more than Hot Load Pickup Current. 
Recommendations about this inrush current, can be the 
following ones [9]: 
 
• 6x – 1 second 
• 3x – 10 seconds 
• 2x – 15 minutes 

 
C. Through Fault Protection 
 
As much important as the previous ones, is the 
transformer protection considering its through-fault 
capabilities (against secondary faults).  
 
These capabilities are reflected in different possible 
secondary faults curves that reflect thermal and also 
mechanical damage considerations. Although the 
temperature affection due to a secondary fault passing 
through the transfomer could be considered acceptable, 
mechanical effects are absolutely unacceptable in 
frequent secondary faults. 
 
That is why this damage does not depend only on the 
current magnitude and length, but the frecuency of those 
faults has to be considered as well. These faults are 



supposed to be frequent when they occur more than ten 
times in a transformer’s lifetime. 
 
In [7], there are four categories of through fault 
protection curves, depending on the transfomer rated 
power, as it is shown in table IV. 
 

Table IV. Categories of Through-Fault protection curves 
 

Category Single Phase 
(kVA) 

Three Phase 
(kVA) 

I 5 to 500 15 to 500 
II 501 to 1667 501 to 5000 
III 1668 to 10000 5001 to 30000 
IV Above 10000 Above 30000 

 
The expulsion fuse has to protect the transfomer below 
the limits shown by the curves in [7]. In this standard, 
even though the curves are classified in four categories 
(depending on power level), only I & II (< 5000 kVA) 
can be applied to traditional secondary distribution pad-
mounted transformers. 
 

 
Fig. 3. Category II curves (frequent faults) [7] 

 
Once the proper curve to be applied has been selected, it 
is important to take into account that, depending on the 
transformer connection and the type of fault, the line and 
winding currents can be different. Due to the fact that 
primary expulsion fuse sees the primary line current 
during a through fault incident, the through fault 
protection curve should be shifted, considering the 
multipliers shown in Table V. 
 

Table V. Adjusting multipliers 
 

 
Ratio of Per-Unit Primary Side Line 

Current to Per-Unit Transformer 
Winding Current 

Transformer 
Connection 

3 Phase 
Fault 

Phase to 
Phase Fault 

Phase to 
Ground 

Fault 
Yg-yg 1 1 1 
D-d 1 0.87 N/A 
D-yg 1 1.15 0.58 

 

4. Back-Up fuse selection 
 
After the expulsion fuse choice, the next step is to select 
the back-up current limiting fuse, considering the best 
coordination method for the application needed. Four 
aspects have to be borne in mind to guarantee the proper 
coordination between the expulsion and the current 
limiting fuse: 
 
• Both fuses have to protect each other in their no 

operation zone. 
• The current limiting fuse should not be damaged in 

every expulsion fuse operation, unless it is replaced 
after it. 

• The overloads allowed by the expulsion fuse, should 
not damage the current-limiting one. 

• Neither the expulsion fuse nor the current limiting 
one should be damaged due to the overcurrents and 
overvoltages of transformer energizing. 

 
This coordination implies that when the time-current 
curves of both fuses overlap, expulsion fuse’s total 
clearing curve should cross back-up fuse’s minimum 
melting curve at a current greater than its minimum 
value, but less than the maximum interrupting current of 
the expulsion fuse. 
 
A. Coordination methods 
 
As it is shown in [10]-[13], two different systems are 
usually take into account to coordinate these two fuses: 
 
• Matched-Melt Coordination. 
• Time-Current Crossover Coordination 
 

1) Matched Melt Coordination 
 

The main characteristic of this method is that it 
ensures the expulsion fuse melting at any time the 
series-connected device operates under any fault 
current condition. 

 

 
Fig. 4. Matched Melt Coordination [10] 

 
To be sure about the expulsion fuse melting with any 
current that melts the back-up fuse, the minimum total 
I2t let through by the current-limiting fuse should be 



equal or greater than the maximum melt I2t of the 
expulsion fuse. 
 
A conservative way to achieve it is to choose a current 
limiting fuse with its minimum melting I2t greater than 
the maximum melting I2t of the expulsion one. While 
the first one is usually provided by manufacturers, the 
last one is hardly published. 
 
However, it can be approximately calculated from the 
expulsion fuse’s minimum melting curve. First of all, 
the current corresponding to the value of time 
representing the fewest whole number of quarter-
cycles (generally 0.0125 s) has to be determined. After 
that, it should be increased with a factor which 
depends on the kind of material the fuse is done (silver 
10%; others 20%). Finally, once the current has been 
corrected, the maximum melting I2t of the expulsion 
fuse is achieved by first squaring that current and then 
multiplying that value by the time (s) that was the 
basis for the overall calculation. 
 
The main advantages of this method can be 
summarized in these three ones: 
 
• Provides visual indication, so it is usually used 

with external fuses applied in series with cutouts. 
• Removes voltage stress from back-up fuse, due to 

the voltage impressed across it, after it has 
operated. 

• For three phase applications, it can allow the use 
of line-to-neutral rated back-up fuse if the 
expulsion fuse is line-to-line rated. 

 
2) Time-Current Curve Crossover Coordination 

 
This method is frequently used with oil submersible 
fuses and rarely with external fuses. Under internal 
fault current situations, it is based on the current-
limiting fuse melting, keeping the expulsion fuse in 
perfect conditions. 

 

 
Fig. 5. Time-Current Curve Crossover Coordination [10] 

 
Another important difference with the previous 
method is that it is not necessary to know the melt I2t 
values. The main criterion to be satisfied is that the 
crossover point has to be a current greater than the 
minimum interrupting current of the current-limiting 

fuse, but lower than the maximum interrupting current 
of the expulsion one. 
 
Comparing with the Matched Melt Coordination 
method, the main advantages are the following ones: 

 
• It can be used a current-limiting fuse with a 

smaller current rating. It affects the coordination 
design in two different ways: 
o The energy let-through under fault 

conditions decreases, so the fault affects 
the rest of the distribution system in a 
minor way. 

o It has a smaller size, so the space needed is 
less. 

• It can be used to fuse larger transformers. 
Sometimes, with this type of transformers, some 
problems may appear because of the difficulty to 
find an expulsion fuse with a maximum 
interrupting current greater than the desirable 
crossover point. 

 
B. Selection of fuse voltage rating 
 
The selection of the proper voltage rating for a current-
limiting fuse in three phase applications is influenced by 
different factors ([13, 14]): 
 
• Transformer connection (delta or wye) 
• Nature of connected load 
• Coordination method 
• Operating experiences and practices 
• Ratings of expulsion and current-limiting fuses 
 
Consequently, due to the complexity that a deep analysis 
implies, it is analyzed from the coordination method 
point of view. 
 

1) Matched Melt Coordination 
 

In phase-to-neutral faults, the line-to-neutral rated 
current limiting fuse and the line-to-line rated 
expulsion fuse combination, should clear with no 
difficulty. 
 
In multiphase faults, the possibility of involving 
ground should be taken into consideration. If not 
involving ground faults can occur, the current-limiting 
fuse maximum voltage rating should be equal or 
greater than the maximum system line-to-line voltage. 
On the contrary, if not involving ground faults never 
or hardly ever occur (i.e. grounde-wye/grounded-wye 
transformers), the current limiting fuse maximum 
voltage rating should be equal or greater than the 
maximum system line-to-ground voltage. 

 
2) Time-Current Curve Crossover Coordination 

 
When this coordination is used, both the current-
limiting fuse and the expulsion one should be rated 
line-to-line, except on grounded-wye/grounded-wye 
transformers. 



 
C. Coordination with surge arresters 
 
With the operation of a current-limiting fuse due to a 
fault, an arc-voltage is generated storing energy in the 
inductive elements of the distribution system. Part of this 
energy will be diverted by the surge arrester so it is 
convenient to be careful. If this energy is higher than its 
energy-handling capability, the surge arrester may fail. 
 

 
Fig. 6. Arc voltage generated by a CLF [15] 

 
There is not too much bibliography about the correct use 
of a current-limiting fuse coordinated with a MOV type 
surge arrester. One of the most recent articles about it 
[15], analyzes that situation in a simple way, using some 
equations and different manufacturers data and figures. In 
review, it proposes a procedure using the following steps: 
 
• Considering the system conditions, calculate the fuse 

arc voltage. 
• From the surge arrester switching characteristics, 

analyze its operation and energy diversion 
possibility. 

• Calculating the energy stored in the system, compare 
it with the energy capability of the surge arrester. 

• Calculate the current division between the current-
limiting fuse and the surge arrester. 

• Knowing the surge arrester capabilities, compare it 
with the energy through the surge arrester. 

 
5. Conclusion 
 
One of the main characteristics of distribution pad-
mounted transformers, is that the protection devices are 
comprised under the same housing and sharing the 
dielectric fluid with the transformer. That is why it is 
extremely important to assure that its protections operate 
correctly, selecting and coordinating them properly. 
Otherwise, a protection malfunction or failure could 
affect the whole transformer. 
 
In this paper it is analyzed the proper methodology and 
factors to be considered, when an expulsion fuse – 
current-limiting fuse series coordination is used for 
primary pad-mounted transformer protection. 
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