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Industrial Substation “One-Charger” Redundancy
Switch mode rectificer (SMR) battery chargers create new strategies for 
substation DC power reliability and protection

Ask a power engineer about a worst-case scenar-
io for a DC power system failure – and they tend to 
go quiet. “How bad a disaster do you want to talk 
about?”  they’ll ask. 

With just a few short hours of battery back-up 
time there’s just a short period to respond, repair 
or even replace a failed charger system at. Time is 
tight with the potential loss of protection relays or 
to avoid controls for switches and breakers that are 
system-critical.

For years, options for delivering critical power back-
up and reliability for protection relays and controls 
were clear. Regardless of cost, make sure that the 
site battery power supplies are always fully charged 
by reliable, consistent power provided by one and 
typically two redundant battery chargers. 

For decades that DC power has been provided by 
magnetic amplifiers (Mag Amp), Ferro resonant and 
silicon-controlled rectifier (SCR) 
battery chargers. 

Yet, with the advent of a new generation of modu-
lar and scalable switch mode rectifier (SMR)-based 
chargers, industrial power designers have the op-
tion to deploy – in what might sound a bit counter-
intuitive – “one-charger redundancy” back-up pow-
er for their critical DC power loads.   

How can one charger provide 
“multiple” levels of redundancy?  

Redundant engineering1 is a core concept that’s 
widely employed in any critical system design. It 
calls for designing-in a second system to safeguard 
the first, whether it’s power, critical protection de-
vices or even data. It’s the same reason we keep a 
spare tire in the trunk of our car. 

Redundant protection makes so much sense it’s 
almost self-evident. Two devices or systems enable 
redundant protection. But how and where that 
second (or more) level(s) of protection are designed 
and deployed has some creative options – solutions 
that can provide multiple levels of redundant 
protection in a single device. In some smaller 
substation settings, a spare charger may be kept in 
stock or a small, portable low-output charger can 
be employed as a back-up. In most facilities 
locations, however, two battery chargers are 
deployed, feeding one or two battery banks.

For utility substation chargers supporting banks of 
vented lead acid (VLA) or valve-regulated lead-acid 
(VRLA) batteries it is standard, in most settings, to 
have two battery chargers in a redundant 
configuration.

Commonly used charger technologies (Mag-Amp, 
Ferro resonant and SCRs) use a single-transform-
er (or monolithic) topology, with a sole transform-
er operating at frequencies between 45 and 65Hz. 
This topology creates a potential single point of 
failure. System designers work around this with a 
redundant charger system that adds a second de-
vice of the same capacity, so in the event of a failed 
charger unit, the second unit can maintain the load. 
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While these redundant, or dual, charger scenari-
os create assurance against critical power failures, 
it comes with some costs. Obviously two separate 
chargers, for example, carrying a 60-ampers (amp) 
load, doubles the cost of the system. There are also 
additional costs in installation time and materials, 
increased maintenance and repairs, and the dou-
bling of floor or wall-mount space, or footprint, for 
these two external chargers.  

To draw an automotive analogy, a dual charger 
configuration is like paying for, installing and 
maintaining two battery charging alternators under 
the hood. Yes, it ensures the battery is always charged 
to turn over the engine, but at a cost of a second al-
ternator, precious engine space and weight, add 
tional engine strain and fuel to run two alternator 
belts, and higher per mile maintenance costs. This is 
clearly not ideal but until recently this dual-charger 
strategy was the best solution for substation 
reliability and safety. 

In contrast with switch mode rectifier charger 
technology, a modular, versus monolithic, 
topology is adopted. In other words, instead of 
having a single transformer dictating the size of 
the system, the SMR topology uses series of small-
er power modules that, taken together, achieve 
the desired output rating, effectively building in 
redundancy in a single unit. 

Continuing with the example above, instead of 
having a single 60-amp system, the charger will 
have three modules of 20 amps each to achieve 60 
amps. This reduces the probabilities of having the 
whole system down in case of failure. 

Switch mode rectifiers (SMR) chargers 

With the wide use of SMR chargers in many 
industries, and the availability newer SMR chargers 
designed for substation battery systems, the 
traditional dual-charger redundancy model 
is changing. 

The basic topology of a SMR charger, as 
mentioned earlier, involves building power output 
capacity with a series of power modules or blocks. 
These individual, but interconnected power 
modules, are assembled and scaled into a single 
charger unit. For example, a 60-amp unit might be 
configured with three 20-amp power modules.  

The integrated power modules, or blocks, 
effectively and efficiently create a multi-module 
redundancy – if one power module fails the 
others can both load-share and continuously pro-
vide power to the battery load. In short, a single 
charger is providing multi-level redundancy. 

A fourth 20-amp module also can be added to 
provide full N+1 redundant power to the load. (See 
Figure Two)

The result is that, instead of deploying two 
individual chargers to provide redundancy, a 
modular SMR charger can be scaled to provide 
both increased capacity (as needed) and critical 
redundancy. 
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Figure One:  Single- versus Dual-Charger Redundancy



This SMR single-charger strategy presents some clear 
benefits in terms of both equipment costs and ongo-
ing operating expenses. To begin with SMR technolo-
gy enables higher energy density, reducing the foot-
print compared with traditionally deployed Mag Amp, 
Ferro resonant or SCR chargers, which is an important 
factor when evaluating the cost of a single versus dual 
system.

Final costs also need to factor in higher installation 
expenses (i.e., installing two instead of one charger), 
additional wall or floor “real estate,” and higher main-
tenance costs. With all this considered, the cost of 
deploying dual SCR chargers soon rises to a two-fold 
investment over SMR technology – even before 
adding operating expense (OpEx) costs.

Cost of maintaining redundancy - 
replacing failed chargers

Evaluating the cost of SCR and SMR chargers also 
goes through the full life and replacement cycles of 
the charger. In our 60-amp example, we’ll assume that 
the average cost of a single charger is $4,000, so 
total cost of a redundant dual SCR charger system is 
$8,000 compared with a single SMR. 

Yet, to maintain redundant power, if one charger fails 
in the dual-SCR charger scenario it means a cost of 
$4,000 to replace one of two chargers – or 50 percent 
of the entire system cost. In the SMR configuration of 
multiple power modules in one charger, let’s assume 
the cost of replacing one failed power unit is $900 per 
power module – or 18 percent of the total cost of a 
single SMR configuration, and 22.5 percent of the cost 
of a SCR system.  

Lastly, from a capital expense (CapEx) standpoint, the 
modular design of an SMR charger enable engineers 
to add, or scale, charger output capacity or battery 
power, as back-up systems are expanded.  

The SMR multi-power module charger approach 
means T&D engineers can build full redundancy into 
their charger and battery systems with a 
“single-charger” topology.  
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Figure Two:  The multiple modules create N+1 back-up (with 
remaining power modules carrying most of the load) or N+N 
protection with an additional power module to keep the power 
capacity to the load at 100 percent. 
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