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NOTICE M }"; i /

The invention di_sclosed in this document resulted from

e

regearch in serongutical and @pace activities performed under
programs of the National Aeronautics and Space Administration,
The invention is owned by NASA and is therefore available for
licensing in accordance with the NASA Patent Licensing Regu-
lation (14 Code of Federal Regulations 1245, 200).

i R ! To encourage commercial utilization of NASA-owned inven-
ol tions, it is NASA policy to grant nonexclusive, royalty-free,
revocable licenses to any company or individual desiring to use
the invention while the patent application is pending in the U, S.
Patent Office and within a specified period, presently two years,

after issuance of the patent to NASA. If commercial use of the

invention does not occur during this period, NASA may grant a
limited exclusive, royalty-free license thereby adding an incen-

« ' it tive to further encourage commercial development. Any company

desiring to make, use, or sell this invention is encouraged to

. obtain a royalty-free license from NASA,

" Address inquiries and all requests for licenses to Assistant
‘ General Counsel for Patent Matters, Code GP-1, National

Aeronautics and Space Administration, Washington DC 20546.

[\



— )} 0
A N Y
0 JO<a0 A0 <O

;2 3

22 —

Z’W

/‘/1
17

HOWARD B. HESTER,
INVENTOR

o _den LY

ATTORNEY

MSFC « Form 3055 (February 1968)

CHEE FEAT LS ~2OT 38 P o
CURTEN T KEGAILATI G VOLTHEE fATLIER

EH oy




NASA Case &. MFS-20935
Marshall Space Flight Center

© TECHNICAL ABSTRACT
OF

Current Regulating Voltage Divider

The invention relates to voltage regulation.systems and
more specifically to a voltage control system which regulates by
shunting the load current.

As shown by the 51ng]e figure of the drawing, the current
regulator 24 provides a voltage control between a center line 19
and a more positive input line 15 and a lesser positive voltage
input line 17. The system has a conventional voltage sampling
stage 22 for the center line 19 as well as conventional preregu-
lator 21 and driver 23 stages. The loads between the center
line 19 and the two input lines 15, 17 are each shunted by a
transistor Ql or Q2 whose base voltage is determined by the
driver stage 23, and which voltage is normally at a level to turn
the transistors off. The transistors Ql, Q2 are of the opposite
conducting type and when the loads vary so as to change the center
line voltage 19, the proper transistor comes on to supply or pass
the necessary current to maintain the line voltage level.

The novelty of the invention lies in the arrangement of
transistors Ql and Q2 with respect to the load whereby a novel
system of dividing voltage levels has been accomplished by
regulating current flow, which aside from small leakage and
regulatlon losses, has a power loss determined by the imbalance
in current requirements for the loads. Herebefore, circuits to
divide current required that the power loss in the circuit be a
significant part of the total power usage.

Inventor: Howard B. Hester
Employer: Marshall Space Flight Center
Application Filed: April 21, 1971

Serial No. 136007
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APPLICATION FOR LETTERS PATENT

TO ALL WHOM IT MAY CONCERN:

*BE IT KNOWN THAT Howard B. Hester, citizen of the United
States of America, resident of Huntsville, Madison County,
Alabama, has invented certéin new and useful improvements in
CURRENT REGULATING VOLTAGE}DIVIDER of which the following is a

specification:
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SUMMARY OF THE INVENTION

The present invention provides a voltage control between a

center line and a more positive voltage input line and a lesser

positive voltage input line. The control provides &}do&venﬁianal
voltage sampling means for the center line, as well as conven-
tional preregulator, comparison, and driver stages. The loads
between the center line and two input lines are each shunted by

a transistor whose base voltage is determined by the drivex
stage, and which voltage is normally at a level to turn the
transistors off. The transistors are of the opposite conducting
type and when the loads Qéry so as to change the center line
veltage, the proper transistor comes on to supply or pass the
necessary current to maintain the center line voltage level.

Accordingly, it is an object of the present invention to
provide a current regulating voltage divider.

Another object is to provide a voltagé divider system that
has a power loss determined substantially by the imbalance in
current reguirements of the loads.

Other objects, features, and advantages of the invention

will become apparent as the description proceeds.

BRIEF DESCRIPTION OF THE DRAWINGS
The single Figure of the drawings schematically illustrates

the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the single Figure wherein it is shown two
input lines 15 and 17, one relatively negative and the other
relatively positive, having a substantially constant voltage
difference. A center line 19 is also provided which has voltage

level intermediate of the two input lines. A first electrical
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load 11 extends between the center line 19 and the p@sitiﬁe ine-
put line 15 and a second electrical load 13 extends between the
center line 19 and the negative input line 17.. -

The present invention provides a current regulator 24 h&ving
two opposite conducting t;ansistors 0l and Q2 to shunt the lo&ﬁs
11 and 13 and supply or pass current necessary to maintain the
voltage level of the center line 19 substantially gonstant. The
transistors Q1 and Q2 are normaily biased off. The transistors
are controlled by a preregulatoé 21, comparison refergnee and
sampling 22, and driver 23 stages.

The preregulator 21 uses a series arrangémené of a zener
diode 21 and resistor Rl across the input lines 15, 17 to
establish a voltage level between the two which is a level above
line 19 by several volts. To keep the power lost in the circuit
low, resistor Rl is chosen éufficientiy large to reduce the cur-
rent Il therethrough as much as possible,~ But current Il must
be kept large enough that zener diode Z1 is in the zener region.
Resistor R2 is placed between the emitter of PNP transistor Q3
and the positive input line 15 to provide a voltage drop that
causes transistor Q3 to decrease or increase the current flow IZ
so that a substantial constant éurrent flow is maintained. Re-
sistor R2 is chosen as large asfpossible, but just low enough to
pass sufficient current to drive transistor QS.

The collector of PNP transistor Q3 is Jjoined to the collecg-
tor of NPN transistor Q4 of the comparison stage 22, The emitter
of transistor Q4 is connected between zener diode 22 and resigm;
tor R3, which are serially connected between the two input lines
15, 17 to provide a constant emitter voltage. Resistor R3 is
chosen large as possible but must be low enough to pass current
I3 at a level significant larger than the current I4 passing
through transistor Q4, which is _ approximately the same as current

I2 passing through resistor R2.
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Resistors R4, R5, and R6 are serially cpnnected between the
center line 19 and the‘neqative input line 17 to sample the volt-
age of line 19. The resistors R4, R5, and R6 are chosen so that
their sum is large and voltage level of the center of vggiéhi@
resistor R5 is approximately eqéal under current flow to the volt-..
age level of zener diode 22, bué the current flow is{i&rge enough
to control transistqr 04, Variable Resistor R5 isiset tQ'proviﬁe
a base vdltage for transistor Q4 very close to thé constant emit-~
ter voltage so that slight decreases in the voltage level of the
center line causes transistor Q4 to effectively increase or
decrease its resistance between its emitter and collector. As
the current flow to the collector of Eransiatﬁr 04 from the pre-
regulator 21 is substantially constant, the increasing or decreas-
ing resistance action of transistor Q4 causes a corresponding
increase or decrease in the voltage level between the collectors-
of transistors Q3, Q4 and the input lines.

The voltage from the connecting line 26 between the transis-
tors Q3 and Q4 is applied by liée 27 to the base of transistor Q5
of the driver stage 23, which cbnsists of transistors 5 and Q6
in an emitter follower configuration serially connected with re-
sistor R7 across the input lines 15, 17. The variation in base
voltage of transistor Q6 sets the intermediate voltage desired
for operating the control NPN transistor Ql and PNP transistor §2

The components of the circuit are selected whereby transis-
tors Q1 and Q2 are off when the loads are operating at a designed
level. However, if load 11 should tend to increase {decrease
resistance), for example, the intermediate voltage of the center
line will tend to raise to a higher positive value, which is de-
tected by the reference sampling stage 22, and the base of the

control transistors Ql and Q2 will be caused to become more nega-

tive by the action of driver transistors Q5 and Q6 decreasing the
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current flow through resistor R7. This will result in PNP tran-
sistor Q2 being biased on to shunt current around load 13 so as
to maintain the center line voltage level. Transistor Q1 will
remain off in this situation. If load 13 decreased, the base of
the control transistors Q1 and Q2 will become more positive caus-~
ing NPN transistor Q1 to be biased on and PNP. transistor Q2 to
remain off so current is shunted about load 11 to maintain the
center line voltage level.

It is now believed apparent that a novel system of dividing
voltage levels has been disclosed which aside from small leakage
and regﬁlation losses, has a power loss determined by the im-
balance in current regquirements of the loads. It is, therefore,
to be understood that within the scope of the appended claims,
the invention may be practiced other than as specifically |

described,




