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A Multiple-Input DC-DC Converter Topology

Bryan G. Dobbs and Patrick L. Chapmaviember, IEEE

Abstract—A new topology for multiple energy source conver-
sion is presented. The topology is capable of interfacing sources of
different voltage-current characteristics to a common load, while
achieving a low part count. A fixed frequency switching strategy is
investigated and the resulting operating modes are analyzed. The

analysis is verified by experimentation. The results show that the o <[_’
converter is an enabling technology for power diversification and N J_ °._
optimization. / \1’ g Vv
L out
Index Terms—édc-dc convertor, hybrid energy system, multiple- T +
input-multiple-output (MIMO). o T o
I. INTRODUCTION Fig. 1. Multiple-input buck-boost converter.

ergy source, whether it is batteries, wind, solar, utility'jl reduceq part; countwhile re'taining the same capability. .In [2],
etc. Certain special cases are powered by two sources, s work in [1] is extended to |_nclu_de a forward-type multiple-
as, uninterruptible power supplies. Future power systems wjpput converter. In [3]_’ a ml_JItlpIe-mput co_nverter was s_hown
require interfacing of energy sources of all kinds. Renewab]c [ the context of h_ybnd vehicles. The grchltecture n [3]is that
energy sources will be of particular interest, especially as o patrtarlllel FWO'SW'tCh phgste dlegs.hThls tcap Egve hig dher parts f
sources are further distributed about the terrestrial power gr. untihan 1S necessary, but does have straightforward means o
In islanded power systems, interfacing of multiple sources idirectional power flow. In [4], a simplified converter relative

' to that in [3] is proposed for a unidirectional wind/photovoltaic

lows for improved reliability, flexibility, and utilization of pre- o .
ferred energy sources. The different sources — such as pﬁ}gtem. The proposed converter is directly applicable to dc—dc

tovoltaic cells, fuel cells, and batteries — will have differen?yStemS and has minimal parts count. The scope of the paper is

voltage and current characteristics. In most cases, one soJPcié]trOduce the topology, setforth the continuous and discontin-

may be preferential to others, or perhaps, a simultaneous C&a{ys mode equations, and to demonstrate the capability through

bination of sources is appropriate for optimal energy/econonﬁc ew experiments. Futurg Wor,k. will address flnier points such
use. Therefore, multiple-input power converters are requir _control,_conv_erte_r nonidealities, power sharing, duty cycle
to enable multiple-source technology. Such converters have Hts, and isolation issues.

ceived limited attention, thus far. A topology for achieving com-
binations of multiple dc sources is presented. The different op-
erating modes are investigated and verified by experimentationThe general circuit topology for a multiple-input buck-boost

With multiple inputs, the energy source is diversified to ineonverter (MIBB) is shown in Fig. 1. There akeinput voltages
crease reliability and utilization of renewable sources. An ide&l, Vs, ... Vy andN input currentdy, I ... Iy. The inputs are
multiple-input power supply could accommodate a variety afiterfaced through a forward-conducting-bidirectional-blocking
sources and combine their advantages automatically, such {#EBB) switch. The switch can be realized as a gate turn-off
the inputs are interchangeable. Such a converter could be (@TO) thyristor, a series MOSFET and diode pair, or several
located and still take advantage of the local environment, e.gther switch combinations. The inputs share a common induc-
in some areas solar power would be readily accommodatedfancel and the output capacitances The output voltage and
others, utility power may be especially reliable or inexpensiveurrent arél/,,,,; andi,,;, respectively.

Many of the renewable sources have dc voltage and currenfThis configuration, as shown, allows for only unidirectional
characteristics. Therefore, a multiple—input dc—dc convertergswer flow. For sources such as primary batteries, solar cells,
of practical use. In this paper, we present a topology capabled fuel cells, this is sufficient. For bidirectional power flow,
of accommodating a number of inputs. The topology is derivéd,,; serves as the input to another converter thatihaas the
from the buck-boost converter. In [1], a multiple-input flybacloutput, for example. In fact, it is not necessarily intended that
converter was shown. However, the converter proposed here Wag is the final output of the total converter system. It may or

may not be a regulated voltage. It can feed other converters that

Manuscript received January 17, 2003; revised March 28, 2003. Recof® tightly regulated to different voltages, or it can be fed back
mended by Associate Editor J. A. Cobos. to one of the sources. In that way, a bidirectional multiple-input

The authors are with the Department of Electrical and ComputerEngineer_irpﬁu|tip|e_output converter can be constructed. The concept is
Universtiy of lllinois at Urbana-Champaign, Urbana, IL 61801 USA (e-mail: . . . .
chapman@ece.uiuc.edu). illustrated in Fig. 2, but the details are beyond the scope of this
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M ost electrical systems are supplied by one kind of en-

Il. CIRCUIT TOPOLOGY AND ANALYSIS
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Fig. 2. Conceptual use of MIBB for bidirectional energy sources.

*I

) Fig. 3. Example switch strategy.
As shown, the converter has a negatively referenced output.

This is only by the conventi_on used here, but of course can ﬁ)fé voltage indices are arbitrarily ordered such tat> Vs >
reversed. Many of the possible sources used, such as batterlgs> V. then
solar cells, and fuel cells, have naturally floating inputs that

will allow reversal of their terminals with respect to the tradi-

tional ground convention. If isolation and/or voltage reversal is

required, then a double-winding inductor can be substituted for Degyiy = i—1 i—1

the single-winding one. An advantage of this scheme is that the D; - Z Degpiiy, Di2 Z Deg15)-
inductor is shared by all the inputs. By decoding of the gate sig- =t =t

nals and sampling of the inductor current, all the input currentsFor example, a two-input converter, there are only two possi-
can be monitored with only one sensor. Another advantagebi$ities: if D; > D, then

i—1
0, Di < 3 Deysi
o (4)

that with the switching strategy proposed below, all but one of D,
the active switches turn on with zero current. Vour = —p V1 ()
- 1
A. Continuous Conduction Mode or, if D, > Dy, then
If the inductor current];, is greater than zero in the steady- Voo D1\Vi +(Dy — D) Vs ©6)
state, continuous conduction mode results. This guarantees that out = 1— Dy ’

at least one FCBB switch or the diode is conducting at all times. . N
. . n general, the number of possible combinations of duty cycle
In the steady state, the average inductor voltage is zero and Wg' . . .
. o oy elationships, and therefore the number of different forms of the
will assume that the output capacitor is sufficiently large as 10

make the output voltage almost constant. If any active switch%JtS:tE(;lr?l(tsa)giz ;tlttj?)t;gnr;ofgalzbu]:kﬁ% B;t Z\:)hn?/rgr{glr- Eelllower
on, the diode is off, but if all switches are off, then the diode ]

is on and the inductor voltage ig, — —V, . If several active voltage source}, does not enter in. Equation (6) is the form

X ) ; .~ that allows simultaneous contribution from both sources. Note,
switches are on, then the inductor voltage is equal to the highgst, . N
. . . . . that if we want contribution only from source 2, thenigt = 0
of the voltages for which the respective switch is on. Labeli

the binary (0 or 1 value) switching signaj "8hd we have a standard buck-boost from source 2. If the input
y g signafs voltages change such that source 2 exceeds source 1, we simply
renumber the sources to accommodate the equations.

VL = max (4:Vi) = Vour H Gi- @) The average inductor current, by KCL, is
Iout
Setting the average of (1) to zero and solving I = 1—=S"D. rr > Desiii) (")
J
T
v Jo m?X(qu’i)dt o and the peak-to-peak inductor current ripple is
out — T .
gidt Vou
Ja 1:[ |Aip| = Tt [1 — max (Dl)} T. (8)

Consider a duty cycle control scheme where each switc

switches at the same frequency and the leading edge of ewghen approximating the inductor time constant as long com-
gate signalg;, coincides (see Fig. 3). The trailing edges do n red to the period/’. The output voltage ripple is approxi-

coincide, as each switch has a different duty cyék, Then ated with the same assumption as

2) simplifies t Lo
(2) simplifies to |Ave| = ‘gt {maX(Di)} T. 9)
> DepryVi
Vour = 1— max(D;) ®) B. Discontinuous Conduction Mode

Discontinuous mode is important to consider due to com-
where D.;; is the effective duty cycle of each switch; thapleteness and the possible advantages of a small inductor and
is, the portion of time the switch conducts nonzero current. liigher output voltage. In the case of the MIBB, there is to be a
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Fig. 4. lllustration of discontinuous inductor current. 104

lot of versatility in the input sources. It may be an unreasonable 51
constraint to impose a minimum inductor current (in order to as- .
sure continuity) when trying to optimize the contributions from o o1 02 03 04 05 06 07 o8 09
all sources connected. Therefore, discontinuous mode may be Duty Cycle
an essential aspect of multiple-input converter control.

Only one switch conducts at a time. Assuming the time cofild- 5 Continuous mode operation with the varied andD, = 0.5.
stant of the inductor is slow compared to the time a given switch
is on, the change in inductor current during ftile interval is

50 q
45 1

i = D, T (10)
J1 L eff(d) 40

whereT’ is the period. The total change in current in the positive 35 -
direction is the sum of all (refer to Fig. 4). Since in discontinuous

—&— Calculated Ideal Output

€ 304 —&— Measured Output
mode, the current starts from zero each cycle &
) ) T E 25
ip=y_ |Aij] = T > Dessh\Vie (11) 2 20
J J 8
Once all switches are gated off, the diode conducts until its cur- 157
rent (the inductor current) returns to zero. Again, assuming a 10
time constant relatively large compared to the period 5
i L
tdon = » (12) 0 i " T ' )
‘/out 0 0.2 04 0.6 0.8 1
is the time it takes for the inductor to completely discharge and Duty Cycle
the time the diode is on each cycle. The time the diode is off _ S _
each cycle is thel” — typn = tdoff- Fig. 6. Continuous mode operation with thy varied andD, = 0.5.
The voltage ripple on the capacitor can be calculated by as-
suming a discharge that is slow compared to the switching pe- [1l. EXPERIMENTAL EXAMPLES
| AVgut] = ﬂtl it (13) demonstrated and compared with the equations presented. For
o c v the continuous mode, the two inputs voltages are 10 V and 5

The inductor energy stored at the instant the diode turgs The inductance is 4.84 mH (series 0.25 ohm resistance).
on is 0.%i;. All of this energy passes to the load and cafhe capacitance is 10Q6F. The MOSFETS used are IRF520’s
pacitor. The capacitor voltage increases h¥vou| from —and the diodes are MBR 360's. The switching frequency is 50
0.5C (Vour — Av/2)" t0 0.5C (Vour + Av/2)” in the time kHz. In Fig. 5, the average output voltage is plotted versus the
taon, for a net energy change 6fV;,,, Av. The energy passing jdealized (no switch or parasitic loss) predictions. The duty
to the load during the inductor dischargeVis.: Louttdon- ThiS  cycle of the 10 V source input is 0.5, while the other duty
yields the energy balance cycle D, is varied. OnceD, exceedsD;, the converter no

lLiz = OVous AV + Vot Lt aon.- (14) !onger behaye; _Iike an ordinary buck—poost: the outpg'F voltage
2P increases significantly as shown. In Fig. 6, the conditions are
Substituting (13) and (12), assuming a resistive laddand the same excepb; is varied andD, = 0.5. In this case, the
solving for Vo, output voltage never behaves like that of a typical buck-boost
237 converter since eitheb; < D, or if otherwise,V; > V5.
i (15) Again, the measured and predicted data are in good agreement.
2T In both Figs. 5 and 6, the difference in results is mainly due to
Equation (15) is very similar to that of an ordinary buck-boostnmodeled switch drops.
converter. Itis very sensitive to parameters as we expect for dis-To show the discontinuous mode operation, a similar study
continuous mode in general for dc—dc converters. It will usuvas conducted. The switching frequency was reduced to 5 kHz,
ally be necessary to employ feedback control if a specific outpilie inductance to 1 mH (series resistancet),landD; = 0.2.
voltage is required. The MOSFET'’s used (MTW16N40E-I) have on-state resistance

‘/out =1p
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000 passive component resistance, timing delays, etc.). Therefore,
the idealized equation is only useful in the sense of predicting
2500 | T4 Messured Oupu a trend or an upper bound. As with the continuous mode, the

—&— Ideal Calculation

equation can be improved by including the effects of the para-
sitics in the mathematical development.

—&— Simulation

2
3

IV. CONCLUSIONS

Volts (V)

15.00
A new topology for dc—dc converters was presented. The
10001 topology is capable of supporting multiple inputs and shows
promise for achieving diversification of multiple energy
500 sources. ldealized equations were presented for the converter
as an aid to design and a basis for control development. Some
000 , , , , . experimental results were presented for the two-input case.
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