Power supplies

Parallel operation
of switchmode
power supplies

Technical details for passive current-sharing

The aim of operating switchmode power supplies (SMPS) in
parallel is to increase output power by increasing the output
current. How this can best be achieved by using the passive
current-sharing method is described in the following article.

here are two methods of real-
Tising parallel operations that
conform with today’s state-
of-the-art technology. Firstly, using

active current-sharing (controlled
load-sharing) and secondly, using pas-
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sive current-sharing,

Active current-sharing measures
the output current of each power
supply and adjusts the output voltage
of each individual SMPS to produce
uniform current distribution. This

method has the

advantage of
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Fig. 2. Symmetric cabling is a basic requirement for using the advantages

switchmode power supplies in parallel.

of needing less

switching technology and allow-
ing for parallel use of an almost
unlimited number of SMPSs. The
somewhat more inaccurate current
distribution must be seen as a dis-
advantage.

DPassive current distribution
-the basics

Some important details on
passive current-sharing follow,
based on the assumption that
the following requirements have
been met.
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Fig. 3. Equivalent circuit diagram for
parallel use of n switchmode power
supplies.

e nidentical switchmode power
supplies are used in parallel.

e Each switchmode power
supply is symmetrically cabled
to the load (Fig. 2)

The following n equations for
the n switchmode power supplies
form the basis for calculating paral-

1. Ual = UO + UE] - (Rl + ZRL) Ial
2. Uaz = UO + UEZ - [Rl + ZRL) Iaz
3. Ua3 = UO + UE3 - (Rl + ZRL) Ia3

n. Uan = UO + UEn - (Rl + ZRL) Ian

lel operation.

Requirements for parallel op-
eration of n switchmode power
supplies:

Ual = UaZ = Ua3 = = Uan
and
L= +lp+ s+ ... +1,

This gives rise to the following
equation system for the n SMPSs
operated in parallel.
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U, =Up + Uy — (R + 2Ry) Iy
Ua = UO + UEZ - (Rl + ZRL) Iaz
U, =Up + Ugs = (R + 2Ry) I3

Uz = Uo + Ugy = (R + 2Ry Ly

After a number of simplifications,
various equations for the n SMPSs op-
erated in parallel can be deduced with
the aid of this equation system. But
first of all, the definition of the mean
value of the setting tolerances:

1 n
Ugy = —- ZUEi

n 43
Voltage at load:

U, =Uy+ Uy -2 R

Based on equation (1), the equiva-
lent circuit diagram for the n SMPSs
used in parallel can be constructed as
shown in Fig. 3.

It is amazing that this results
in such a simple equivalent circuit
diagram (ECD) for a parallel connec-
tion. The ECD consists of only three
elements. On the one hand, it is
made up of two voltage sources with
parameters that are easy to ascertain.
Added to these is a resistance, which
can also be simply calculated based
on the power supply’s internal re-
sistance, the wire resistance (load
wire) and the number of switchmode
power supplies in parallel connec-
tion. By going a step further and add-
ing together the two voltage sources,
one arrives at an equivalent circuit
diagram for a real equivalent voltage
source consisting of an ideal voltage
source and internal resistance.

Current at the kth switchmode
power supply (1 <k <n):

Us —Uem +l~I

L, = 2
*"R+2-R, n ° @

Accuracy of the current-share at the
kth power supply (1 <k <n):

I'amax(R) —

Fig. 4. Maximum load
output in relation to
wire resistance. (The
diagrams shown in Fig-
ures 4..8 are available
upon request for all
switchmode power sup-
plies with passive cur-
rent-sharing designed
for parallel operation
purchased for example
from the company
MGV Stromversorgun-
gen (www.mgv.de).)

Fig. 5. Maximum
available current that
can be drawn from
the parallel series

in relation to wire
resistance.
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Load voltage
in relation

to load
current at
optimal wire
resistance.
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Analysing equation (2) more closely, it will
be noted that the second part of the sum rep-
resents the share of current in the case of equal
current distribution across the parallel connec-
tion. It is therefore logical that the first part of
the sum represents the deviation from this uni-
form current distribution. By calculating the de-
viation as a proportion of the current produced
by an SMPS in the case of uniform current-shar-
ing, one arrives at the deviation in percentage
terms (equation (3)). It is interesting to note the
factors affecting this percentage deviation. For
instance, the current share becomes more exact
as the load current (see Fig. 7), internal resist-
ance and wire resistance increase. Furthermore,
the accuracy of the current share also increases,
the nearer the setting tolerance moves towards
the mean value of the tolerance of adjustment.

The maximum current that can be drawn
from the parallel connection (assuming U, >
U, and [ = IN)is:

n-(Ug — Ugy
Iamf“N‘% @
i TR

The maximum current that can be drawn
from the parallel series is reached when the
switchmode power supply with the highest no-
load-operation (in this case, SMPS 1 is assumed

to have the highest no-load-operation) draws
the rated current. The total output current of all
other SMPSs is therefore always lower, or not
more than the rated current of one SMPS (Fig.
1). The maximum load output in relation to the
wire resistance when drawing the maximum
current amounts to:

s =[Uo +Ug =l (R +2-R, )|
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Calculation example demonstrating
application of the derivative formulae

The following switchmode power-supply data
are assumed for the purpose of this example:

° Nominal voltage: U, = 24V

° Rated current of one SMPS: [ = 20A

(] Internal resistance of the SMPS: R, =
17.5mQ

° Switchmode power supplies used in
parallel: n = 3

° Setting tolerances of the three power
supplies:

U, =50mV, U,, =-10mV, U, = - 30mV
Mean value of setting tolerance:

U, =1/3 (50mV - 10mV - -30mV)
U, =3.33mV
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Determinating the level of wire
resistance based on the maximum
available output that can be drawn
off by the load, applying concrete
values (see also Fig. 4)

P

amax —

=[24.05V-20A-(17.5mQ+ 2R )|

{60 A 140 mV
17.5mQ+2-R; (5a)

The optimal wire resistance can
be read off on the diagram shown
under Fig. 4 at the point where the
output reaches its maximum. In
the case of this sample calculation,
optimal wire resistance is reached
at about 18mQ. All further calcula-
tions will be based on this optimal

wire resistance.

Maximum current which can be
drawn from the parallel connection,
applying concrete values:

140 mV

Ly =60A—-——————
amax 17.5 mQ+2-R,

According to Fig. 5, the maxi-
mum current that can be drawn
from the parallel supplies, taking
into account the optimal wire resist-
ance, amounts to about 57.5A. This
figure is equivalent to 95.8% of the
60A that are theoretically possible.

The load voltage in relation to
the load current at an optimal wire
resistance of R, = 18mQ (Fig. 6) is
calculated as the result of:

(5b)
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Fig.7.
Percentage
current-share in
relation to the
load current at
optimal wire
resistance.

Fig. 8.
Cross-section
of the wire in
relation to

its length for
optimal wire
resistance.
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B Abbreviations used

A Wire cross-section

ECD Equivalent circuit diagram

i Index number

Alak  Percentage deviation of the
current share at the kth
SMPS

I, Load current

lamax Maximum available load
current

lan  Output current of the nth SMPS
using parallel operation

In Rated output current of an
SMPS

K Electrical conductivity

k Index number

l Wire length

n Number of SMPSs operated in
parallel

Pamax Maximum load output

R; Internal resistance of the SMPS

RL Load-wire resistance (go-and-
return lead)

SMPS Switchmode power supply

U, Output voltage of the SMPSs
operated in parallel

Uan  Output voltage of the nth
SMPS

Ue Input voltage

Uem  Mean value of the setting
tolerances

Uo Nominal open-circuit voltage

Uon  Actual open-circuit voltage of
the nth SMPS

Uen  Setting tolerance of the output
voltage for the nth SMPS
(calculated as the open-circuit
voltage minus rated voltage)

U, =24.0033V-17.83mQ . [,

Percentage current-share
(based on [a/n) of the three
power supplies in parallel
series in relation to the load
current at optimal wire re-
sistance:

AL =2.617A/Ia
AL, = 0.748A/Ia
AL, = 1.869A/Ia

Fig. 7 illustrates clearly
the interrelation between
the current share and the
load current. The zero-per-
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switchmode power supply is
providing the same current.
Very small load currents lead
to extremely unfavourable
current distribution. As a
rule, this does not however
present a problem, as in such
case the individual SMPSs
are operated far below
their rated output. From a
load current of about 25A
upwards, the divergence in
the current shares is under
10% and at the maximum

level of available current, even lower
than 5%.

As far as the user is concerned,
it is not so much the optimal wire
resistance that is of interest as the
cross-section measurement of the
wire that should be used in relation
to its length in order to realise an
optimal wire resistance. This can
be calculated using the well-known
formula for wire resistance:

R = (6)

1
K-A

Preparing a diagram based on
this equation can help to determine
relatively quickly and simply the
required cross-section of the wire at
a given length, based on the assump-
tion of maximum available output.

The diagram shown in Fig. 8
must be qualified by pointing out
that the cross-section of the wire is
subject to a minimum value (current
carrying capacity of cables in accord-
ance with the relevant regulations).

In view of the minimal cross-sec-
tion measurements, it will not be
possible to realise optimal wire resist-
ance in the case of every application.
However, care should by all means
be taken to ensure symmetrical ca-
bling of the individual switchmode
power supplies.



