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factor, even when one phase drops out.

13 Claims, 5 Drawing Sheets




5,694,310

Sheet 1 of 5

Dec. 2, 1997

U.S. Patent

leu

(1¥V H0Idd)
= I Oid
19
VWA ¢ / me
MOYLNOD
1
==
09 _
o _ o-
v 4 M |
_
0% 134 f — 4 N
A It IA
avo-l ——

Q

L
_i.Tv.—



5,694,310

Sheet 2 of 5

Dec. 2, 1997

U.S. Patent

(q)e

*HId

o1

¢ O
()2 914 | ()2 5I4 | (v)2 bI4
ve 'oid €ol

/NN N




5,694,310

Sheet 3 of 5

Dec. 2, 1997

U.S. Patent

(¢ Old

52 *9I4 Ol cp9al |
oLl
= mn_%_% H_x 1 {2hl 1 WOYS
$h& =l

. 4 7 1
Ag \ L <9hll WOYS
Dhll WOHS
avoTl /1N0p omﬂ&w\ f; ﬂ _ //{t

csl 19911




5,694,310

Sheet 4 of 5§

Dec. 2, 1997

U.S. Patent

hel
WO 4

(>)¢ 'Ol

oLl c&cl
WOYd WOdA



U.S. Patent Dec. 2, 1997 Sheet 5 of 5 5,694,310

S
/
<T
=/
%
I L w
w
\ = Z =
\ = - —
\
N
P Y
Ty
b o § m J



5,694,310

1
THREE PHASE INPUT BOOST CONVERTER

BACKGROUND OF THE INVENTION

The present invention relates generally to power supplies,
and deals more particularly with a three phase input “boost”
power supply.

A boost power supply is well known in the industry to
convert a rectified input voltage having a DC component to
a DC output voltage greater than the input voltage. FIG. 1
illustrates the basic prior art configuration of a boost power
supply 40 that operates from a single phase input. Boost
power supply 40 comprises a series inductor 42, a series
diode 44, a parallel FET switch 46 and a parallel output
capacitor 50. When switch 46 is closed, a current flows
through inductor 42 and switch 46 to ground. Under these
conditions, the full input voltage is applied across inductor
42 with the input end of the inductor exhibiting a higher
voltage than the other end. Diode 44 is reversed biased at
this time to prevent discharge of capacitor 50, and capacitor
50 supplies a load 52. Subsequently switch 46 is opened, and
inductor 42 attempts to maintain the same level and direc-
tion of current flow as existed immediately before the switch
was opened. However, at this time the current path includes
capacitor S0 and load 52. Thus, the inductor voltage
switches polarity and a voltage greater than the input voltage
is developed at this other end and applied to the load 52 and
capacitor 50. This maintains the current flow through induc-
tor 42 that existed immediately before the switch was
opened. This current flows through inductor 42, through
diode 44, to the load 52 and to capacitor 50, charging
capacitor 50. Control 58 times the closing and opening of
switch 46, based on a comparison 60 of a ramp voltage to a
reference or “error” voltage to maintain the output voltage
within a specified range. The error voltage itself is based on
a comparison 61 of the load voltage to a reference voltage.
Control 58 also ensures that each closure of switch 46 occurs
when there is approximately zero volts across switch 46 to
minimize ripple currents.

A “power factor” is the phase relationship between the
input current and the input voltage. A unity power factor is
ideal for most power supplics, and typically, a power com-
pany specifies a minimum power factor for equipment. The
foregoing single phase power supply has a good power
factor, for example, 0.95 or greater.

U.S. Pat. No. 4,384.321 illustrates a three phase input
boost power supply having multiple boost inductors and
rectifiers interposed between the boost inductors and the
three phase input. This circuit provides the boost function
and has a high power factor.

A general object of the present invention is to provide a
three phase input boost power supply with a higher power
factor than the prior art.

Another general object of the present invention is to
provide a three phase input boost power supply with a very
high power factor even when one of the phases drops out.

SUMMARY OF THE INVENTION

The invention resides in a three phase input, boost power
supply comprising first, second and third rectifiers for
respective phases of the three phase input. First, second and
third boost inductors are interposed between the first, second
and third rectifiers, respectively and respective phases of
said three phase input. A chopping switch is connected to an
output of at least one of the rectifiers in parallel with a load
to boost a voltage of the load. A current sensor is connected
between the rectifier output and the load. The switch is
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2

activated in response to the current sensor sensing approxi-
mately zero current flow. The subsequent rate of current rise
is proportional to the magnitude of the input voltage. The
switch is deactivated based in part on a comparison of the
load voltage to a reference voltage.

According to one feature of the present invention, a low
pass filter is interposed between the three phase input and the
first, second and third boost inductors. Thus, the input
current for each phase has nearly unity power factor, even
when one phase drops out.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates a single phase input, boost power supply
according to the prior art.

FIG. 2 illustrates a three phase input, boost power supply
according to the present invention.

FIG. 3 illustrates input current (IA, IB and IC) and input
voltage (VA, VB and VC) versus time graphs of the three
phase input, boost power supply of FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 2 illustrates a three phase input boost power supply
generally designated 100 according to the present invention.
Power supply 180 operates from threc phases 102q, 1025
and 102¢. The input current from the three phases first
passes through an input low pass filter 103 which filters out
switching noise. The input low pass filter 103 comprises
three series inductors 105q, 1055 and 105c¢ and three shunt
capacitors 107, 109 and 111. By way of example, each of the
inductors 105a,b,c is 50 microhenries, and each of capaci-
tors 107, 109 111 is 0.1 microfarads. Next, the current passes
through boost inductors 1144, 114b and 114c. Then, the
current is full wave rectified by diode pairs 116a41,2, 116612
and 116¢1.2. An output diode 118 prevents discharge of an
output capacitor 120 when a “chopping” switch 122 is
closed, and passes current to a load 124 and capacitor 120
from the inductors 114a,b,¢ when switch 122 is open.

Switch 122 is controlled as follows to maintain the proper
load voltage and maintain a sinusoidal input current with
very high power factor. Switch 122 is turned off based on the
following timing. A fraction of the output/load voltage
(Vout) is supplied to the inverting input of an amplifier 130.
The noninverting input is supplied with a DC reference
voltage 132. The difference, an “error” voltage, is smoothed
by an RC feedback circuit 134,135 and supplied to a control
input 139 of a timer 140. Timer 140 is a Model LM555 from
National Semiconductor Inc, (includes a comparator) and
directly controls switch 122. A sense input 142 on timer 140
is supplied by a voltage across a capacitor 144 which is
charged with DC current from a DC bias voltage via a
resistor 145, When the capacitor 144 charges to a level
above that of the control input 139, timer 140 wns off
switch 122.

Switch 122 is subsequently turned on with timing based
on the following. The current passing from inductors 1144,
b,c through diode 118 is sensed by a current sense trans-
former 150 (for example, with a 1:50 primary to secondary
turns ratio) and rectified by a diode 152. The rectified current
produces a voltage across resistor 172 and this voltage is
filtered by resistor 170 and capacitor 152. The resultant
voltage of capacitor 152 is supplied to the noninverting input
of an open collector comparator 160. The inverting input of
comparator 160 is supplied by a fraction of a DC bias
voltage via resistors 162 and 164. While current passes
through transformer 150, filter capacitor 152 is charged to a
level above this fraction of the bias voltage. However, when
current ceases to flow through transformer 150, capacitor
152 quickly discharges through resistors 170 and 172. Soon,
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(for example 100 nanoseconds based on capacitor 152
equalling 100 picafarads, resistor 170 equalling 10 ohms and
resistor 172 equalling 1 Kohms) the voltage across capacitor
152 is less than the fraction of the bias voltage applied to the
inverting input, and comparator 160 discharges capacitor
144. This causes the input 142 to have a lower voltage than
input 139, and consequently, timer/comparator 140 turns on
switch 122, and charges capacitor 152 via a diode 145 for the
next cycle. In this manner, the output/load voltage is main-
tained at a predetermined level. Also, the switch 122 was
turned on at a time when there is substantially no current
flow (less than ten milliamps) and also no charge stored in
the junction of diode 118. Consequently, there was no
current surge through switch 122 when switch 122 was
closed.

Moreover, this manner of operating switch 122 causes the
input current from each of the three phases 1024,b,c to be
sinusoidal and substantially in phase with the respective
input voltage phase, i.e. a very high power factor, even when
one of the phases is lost. This is due to the following. As
illustrated in FIG. 3, each rising portion of the (exaggerated)
saw tooth input/boost inductor current represents the time
during each switching cycle when switch 122 is closed. Each
falling portion of the (exaggerated) saw tooth input/boost
inductor current represents the time during each switching
cycle when switch 122 is open. The on time is approximately
constant (once the power supply is stable) due to the
constant charging characteristic of capacitor 144 and the
approximately constant control voltage at input 139.
However, because the input voltage from each phase is
sinusoidal, the average input/boost inductor current of each
phase mimics the respective input voltage. The off time is
variable and driven by the current through transformer 150.
This causes the current to fall to zero before rising with the
subsequent closure of switch 122. While FIG. 3 illustrates
exaggerated saw tooth input current waveforms due to the
on and off switching of switch 122, in actuality, the low pass
filter 103 filters out this choppiness, leaving much smoother
sinusoidal input current waveforms Ia, Ib and Ic that are
nearly in phase with the respective input voltage waveforms
Va, Vb and Vc. Thus, the average input current during each
switching cycle from each phase 102a,5,¢ is nearly in phase
with and proportional to the input voltage. Even when one
of the phases drops out, the other two phases still operate as
in FIG. 3 to provide a sinusoidal input current and nearly
unity power factor.

Based on the foregoing, a three phase input power supply
according to the present invention has been disclosed.
However, numerous modifications and substitutions can be
made without deviating from the scope of the present
invention. Therefore, the invention has been disclosed by
way of illustration and not limitation and reference should
be made to the following claims to determine the scope of
the present invention.

We claim:

1. A three phase input, boost power supply comprising:

first, second and third rectifiers having first, second and
third respective cathodes connected together;

first, second and third boost inductors interposed between
anodes of said first, second and third rectifiers, respec-
tively and respective phases of said three phase input;

a diode having a cathode coupled to a load;

a current sensor connected between an anode of said
diode and said first, second and third cathodes;

a chopping switch connected to said first, second and third
cathodes such that when active said switch shunts
current away from said load and when inactive said
switch boosts a voltage of said load; and

means for activating said switch in response to said
current sensor sensing approximately zero current flow.
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2. A power supply as set forth in claim 1 further com-
prising a low pass filter interposed between said three phase
input and said first, second and third boost inductors.
3. A power supply as set forth in claim 2 wherein said low
pass filter comprises fourth, fifth and sixth inductors inter-
posed between said first, second and third boost inductors,
respectively and the respective input phases, and first, sec-
ond and third capacitors each connected between a different
pair of the fourth, fifth and sixth inductors.
4. A power supply as set forth in claim 1 further com-
prising means for deactivating said switch based on a
comparison of said load voltage to a reference voltage.
5. A power supply as set forth in claim 1 further com-
prising an output capacitor in parallel with said load.
6. A power supply as set forth in claim 1 further com-
prising means for deactivating said switch based on a
comparison of a ramp voltage to a difference between said
load voltage and a reference voltage.
7. A power supply as set forth in claim 1 further com-
prising fourth, fifth and sixth rectifiers connected with said
first, second and third rectifiers, respectively to full wave
rectify respective phases of said three phase input.
8. A power supply as set forth in claim 1 wherein:
said current sensor comprises a transformer having a
primary winding connected between said anode of said
diode and said first, second and third cathodes; and

the activating means comprises a control for said switch
and a second diode interposed between said control and
a secondary winding of said transformer.

9. A power supply as set forth in claim 8 wherein said
activating means further comprises a comparator having a
first input coupled to said secondary winding and a cathode
of said second diode, an anode of said second diode being
coupled to said control.

10. A power supply as set forth in claim 1 further
comprising means for controlling a duration that said switch
is active based on a voltage of said load to maintain said
voltage at a rated level.

11. A method for supplying a boosted DC voltage from a
three phase input, said method comprising:

providing first, second and third full wave rectifiers for

respective phases of said input, outputs of said first,
second and third full wave rectifiers being connected
together;

interposing first, second and third boost inductors

between said first, second and third full wave rectifiers,
respectively and respective phases of said three phase
input;
connecting a switch to said outputs of said full wave
rectifiers, when active said switch shunting current
from said load and when inactive said switch boosting
a voltage of said load;

connecting a cathode of a diode to the load, an anode of
said diode being coupled to said full wave rectifier
outputs;

sensing a current from said full wave rectifier outputs en

route to said load via said diode; and

activating said switch approximately when said current

sensor senses approximately zero current flow.

12. A method as set forth in claim 11 further comprising
the step of interposing a low pass filter between said three
phase input and said first, second and third boost inductors.

13. A method as set forth in claim 11 further comprising
the step of deactivating said switch based on a comparison
of a ramp voltage to a difference between said load voltage
and a reference voltage.
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