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PRODUCT KNOWLEDGE

N+1 Rectifier Redundancy: How Much Spare
Capacity Does a Site Need?

Calculate the module count from qualified output and a declared one-module-out duty,
then test whether the shelf, AC input, battery recovery and common power path
preserve the intended resilience.

Updated August 20, 2026Rectifier capacity calculationApprox. 12 minute read
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When N+1 is insufficient

Acceptance test “Provide N+1 rectifiers” is incomplete unless the specification defines
what the remaining N modules must carry. One project may protect the live telecom
load only. Another may require the same one-module-out state to carry the load, cabinet
auxiliaries and a controlled battery-recharge duty. Those two projects can produce
different module counts from the same site-load figure.

The required spare is one qualified rectifier module after N has been rounded up from
the protected duty. It is not a universal 10%, 20% or 25% allowance. Correct telecom
rectifier redundancy begins with the failure-state duty, uses output available under
the project’s limiting conditions and then confirms that all remaining components can
carry the result.

What does N+1 rectifier redundancy guarantee?

N+1 module redundancy means that after one rectifier module becomes unavailable,
the remaining N qualified modules can still supply the duty defined by the project. It
protects against one module outage only; it does not automatically protect against
failure of the shelf, controller, AC feed, common bus, cooling system or downstream
distribution.

The “+1” module is commonly connected in parallel and shares current during normal

operation. It need not sit idle. If all modules are compatible and current sharing works
correctly, the controller raises the output of the remaining modules when one is
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removed or trips. The post-failure loading must stay within each module’s permitted
continuous output under the actual input, bus-voltage and environmental conditions.

One module also does not represent a fixed percentage of the plant. As the N portion
grows, one additional equal module becomes a smaller fraction of required capacity:

Modules required for Installed arrangement One module added Spare as share of
duty (N) above N installed modules
1 1+1 100% 50%

2 2+1 50% 33.3%

3 3+1 33.3% 25%

4 4+1 25% 20%

10 10+1 10% 9.1%

Actual power margin differs from these percentages because the calculated N is rounded
to a whole module and the protected duty may sit anywhere below the remaining N-
module capacity. With mixed module ratings, the credible loss is normally the largest
module or module group that can disappear from one event; counting units alone is not
sufficient.

Which duty must the remaining N modules carry?

The project must define a one-module-out operating state before calculating N. At
minimum, list the critical live load and any DC auxiliaries that must remain energized.
Then decide whether battery recharge, future load, non-critical branches and transient
demand remain part of the protected duty or may be limited after the failure.

Redundancy policy Duty carried after one module is  Operational consequence
lost

Service continuity only Declared critical load and Recharge or selected non-critical
essential auxiliaries loads may be curtailed until repair

Service plus controlled recovery  Critical load, essential auxiliaries Battery reserve can be restored at
and an approved recharge a defined reduced rate with one
allowance module unavailable

Full planned duty Design load, required recharge, Higher installed capacity, AC
committed growth and stated demand and cabinet heat must be
peaks accepted

Use the highest coincident demand that the redundancy statement actually promises. A
radio peak that lasts seconds may be handled differently from a sustained busy-hour
load, but it cannot simply be removed from the calculation. Record duration, coincidence
and the ability of the DC bus or battery to support the event without crossing an
equipment limit.

ETSITS 102 121 V1.4.1 (2025-02) describes parallel rectifier-and-battery operation in
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which the rectifier covers the equipment demand plus appropriate battery charging
current. It also identifies minimum n+1 conversion as one route to redundant DC
distribution and requires the associated feed cabling and protection to carry the
maximum equipment load.

How should rectifier module output be qualified before the
calculation?

Use the lowest continuous module output permitted across the conditions included in
the redundancy case, rather than the catalogue headline rating. The qualification check
should cover AC input, DC output voltage, ambient temperature, altitude, airflow,
current or power limiting, firmware/configuration and any manufacturer-declared
derating.

A module advertised at 3kW may not provide 3kW at every input voltage or cabinet
temperature. Likewise, a current-limited module produces different power as bus voltage
moves. The qualified rectifier output must come from the released product curve or
test evidence for the offered module and the selected operating point.

Pmodule,qualified = lOwest permitted continuous output across the declared design conditions

N = Ceiling(l:)protected duty - Pmodule,qualified)
Installed modules for N+1 =N + 1

IEEE 946-2020 is an active recommended practice covering stationary DC-system
design, including static charger/rectifier sizing, quantities, ratings, distribution,
protection and instrumentation for applications that include telecommunications. The
project calculation below is an engineering screening example, not a quotation from the
standard.

Keep all terms in the same domain. If duty is calculated in watts, use qualified module
watts at the relevant DC condition. If the manufacturer controls the module by output
current, calculate current at the bus condition that produces the limiting result. Do not
divide peak watts by a nameplate ampere value without reconciling voltage and control
limits.

A worked N+1 calculation with derating and recharge

Assume a hypothetical site has the following sustained one-module-out duty:

e critical telecom load: 5.0kW;
e essential DC auxiliaries: 0.3kW;
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e declared distribution and conversion allowance: 0.2kW;
e approved battery-recharge duty during the failure state: 1.8kW.

Pprotected duty = 50 + 03 + 02 + 18 = 73kW

The offered rectifier is rated 3.0kW at its headline condition. After applying the
applicable input and environmental output curve, the project uses 2.55kW as the
qualified continuous output per module.

N = ceiling(7.3kW =+ 2.55kW) = ceiling(2.86) = 3 modules
Installed N+1 quantity = 3 + 1 = 4 modules

With all four modules available, the average loading is 7.3 + (4 X 2.55) = 71.6% of
qualified capacity. With one module unavailable, the remaining capacity is 3 x 2.55 =
7.65kW and average loading rises to 95.4%. The post-failure margin is only 0.35kW.

This is a valid rectifier capacity sizing result only if 95.4% continuous loading is
permitted at the limiting condition and the shelf, AC supply, backplane, busbars,
terminals, protection, cooling and battery controls also support the four-module
arrangement. A mathematical pass with 0.35kW margin may still be operationally too
tight for measurement tolerance, load uncertainty or near-term growth.

Rounding creates capacity cliffs
For the same 2.55kW qualified module, a small change in protected duty can add a

complete module to N. The large margin immediately after the step is not an intentional
percentage reserve; it is the consequence of indivisible module size.

Protected duty N after rounding Installed N+1 Capacity after one  Post-failure margin
module loss

5.00kwW 2 3 5.10kwW 0.10kw

5.20kwW 3 4 7.65kW 2.45kW

7.30kW 3 4 7.65kW 0.35kwW

7.70kW 4 5 10.20kW 2.50kW

The sensitivity table is useful during bid comparison. Two suppliers offering different
module sizes can produce different module counts, normal load rates, one-out margins,
shelf requirements and spare-parts quantities even when both meet N+1.

Does N+1 redundancy need to preserve full battery
recharge?
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Not always. The operator must state whether the one-module-out condition preserves
full recharge, a reduced recovery rate or only the live critical load. The choice depends
on the required recovery time, expected repair interval, outage pattern, available source
capacity and battery limits.

The battery-recharge term must be derived from permitted battery charge current and
the recovery objective. Do not apply an arbitrary percentage to the telecom load. A
larger recharge allocation can shorten recovery but may add a module, raise AC or
generator demand and increase cabinet heat. A smaller allocation can leave the site
with reduced reserve for longer after a deep discharge.

Battery current limiting, BMS commands and temperature restrictions can reduce the
useful recharge duty below the rectifier’s available margin. Conversely, solar or another
converter may contribute to the DC bus, but intermittent generation should not be
counted as firm post failure capacity unless the project explicitly defines its
availability in the same failure and weather condition.

The telecom lithium battery guide owns battery duty, BMS limits and usable-energy
questions. The telecom rectifier system guide owns the broader coordination between
rectifiers, storage, distribution and control.

A spare module does not remove common failure paths

After the arithmetic passes, trace the energy path from AC input to the load. N+1 fails
its practical purpose if one upstream or shared event disables more capacity than the
added module can replace.

e AC source and phase: determine how many modules disappear after loss of
one feed, breaker or phase.

e Shelf and backplane: verify continuous current, connector limits, fault isolation
and whether one shelf fault can remove every module.

e Controller: define autonomous module operation, default voltage/current limits
and alarm behaviour if supervision fails.

e Common DC bus: check busbar, shunt, disconnect, terminals and protection at
normal and one-out current.

e Cooling and airflow: confirm the remaining modules can run at their post-
failure output without thermal derating or recirculation.

e Distribution: ensure a common breaker, cable or return path does not defeat
the module-level redundancy.

* Maintenance: establish safe removal, replacement compatibility,
blanking/airflow requirements and the time allowed to restore N+1.

A battery can bridge a rectifier alarm, technician response or module swap, but it
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consumes reserve while doing so. Do not call battery support equivalent to N+1 if the
stated requirement is that a module failure must not discharge the battery or reduce the
next grid-outage autonomy.

When is N+1 rectifier redundancy not enough?

N+1 is insufficient when the required service must tolerate more than one module loss,
concurrent maintenance and failure, or a common event that removes several modules.
The appropriate response may be N+2, separate N+1 trains, dual independent feeds or
a 2N architecture, depending on the failure boundary.

N+2 adds two modules above the calculated N but can still share one shelf, controller,
bus or AC board. Two physically separate trains offer a different kind of resilience only
when their sources, protection, controls, distribution paths and load inputs remain
independent to the agreed boundary. The notation alone does not prove independence.

Consider a higher redundancy level when access is slow, spares cannot reach the site
inside the repair target, maintenance must occur without consuming the sole spare, load
growth is uncertain, or the service consequence requires two credible failures to be
tolerated. Match the architecture to a written failure scenario rather than choosing the
largest redundancy label.

Normal module loading still matters

All installed modules may share the normal load, so adding modules lowers each
module’s operating fraction. That can reduce heat stress in one range but also move the
plant away from its best efficiency point at light load. The result depends on the offered
rectifier's measured efficiency curve and cabinet thermal behaviour.

Some controllers can place selected modules into sleep or standby and rotate duty to
improve loading. That feature must preserve the required response time, current
sharing, module exercise, alarm visibility and spare module capacity after a failure. A
sleeping module is useful redundancy only if it can become available within the site’s
permitted voltage and interruption limits.

Check normal, minimum and post-failure operating points on the same efficiency and
derating curves. The procurement comparison should include annual load profile and
planned growth, not a single full-load efficiency value.

How should an N+1 rectifier design be tested?

Test N+1 by reproducing the declared protected duty, making one qualified module
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unavailable and demonstrating that the remaining system stays inside every agreed
electrical, thermal and control limit. Removing a module at a light demonstration load
does not verify the calculation.

1.

Confirm module model, firmware, settings, qualified-output evidence and
installed quantity against the approved BOM.

. Apply the agreed load and recharge state with the required AC input and

environmental derating represented by test conditions or traceable evidence.
Record bus voltage, total output, individual module current sharing, AC input,
battery current, temperature and active alarms before the fault.

. Trip or remove one module using the approved procedure and verify the

remaining modules assume the protected duty without an unacceptable bus
excursion.

. Confirm that the battery does or does not discharge according to the redundancy

policy, rather than accepting an unnoticed battery contribution.
Hold the one-out condition long enough to evaluate steady thermal behaviour
and any delayed current or power limit.

. Restore the module, verify current sharing and alarm clearance, and retain the

trend data with the FAT or SAT record.

Calculation boundary. The worked figures are hypothetical. Final module count
requires the actual load profile, protected failure-state duty, battery-recovery
requirement, module output curves, AC input, bus voltage, cabinet environment, shelf

limits,

growth plan and applicable operator rules.

Submit the one-module-out duty, not only the load total

Provide the critical and non-critical load schedule, peak durations, recharge objective,
module data, AC feeds, environmental conditions, repair target and failures the site
must tolerate. Huijue can return a traceable module-count calculation and identify the
shared paths that need separate review.

Request a rectifier capacity review

Related engineering resources

Telecom Rectifier System Guide
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Telecom Lithium Battery Guide
Telecom Energy Standards
Products and Engineering Services

Contact Us

For catalog requests, pricing, or partnerships, please visit:
https://www.thesolartelecom.com
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