
REPLY TO
ATTN OF: GP

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION.
WASHINGTON, D.C. 20546

MAR 7 W5

r-
2

W)

U oo
a ̂

X
o
o

m

!|Q
' j H
• i a
a

ia
!S
I6"1I «3J
S

A
N

D 
D

IS
P

E
N

S
IN

G
 

U
N

IT
C

S
C

L

0
7

u
I <<
!>-)
!&w
<d
CJI

p
IN

V
E

N
T

O
R

Y
 

C
O

L
L

E
C

T
IN

G
P

a
te

n
t 

(N
A

S
A

) 
6

TO: KSI/Scientific & Technical Information Division
Attn: Miss Winnie M. Morgan

FROM: GP/Office of Assistant General
Counsel for Patent Matters

SUBJECT: Announcement of NASA-Owned U.S. Patents in STAR

In accordance with the procedures agreed upon by Code GP
and Code KSI, the attached NASA-owned U.S/ Patent is being
forwarded for abstracting and announcement in NASA STAR.

The following information is provided:

U.S. Patent No. :

Government or
Corporate Employee

Supplementary Corporate
Source (if applicable)

NASA Patent Case No. 1 ~ 1 .

NOTE - If this patent covers an invention made by a corporate
employee of a NASA Contractor, the following is applicable:

YES / NO ffiQ

Pursuant to Section 305 (a) of the National Aeronautics and
Space Act, the name of the Administrator of NASA appears on
the first page of the patent; however, the name of the actual ,'
inventor (author) appears at the heading of column No.
the Specification, following the words
an invention of ..."
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Bonnie L. Woerner
Enclosure
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This invention provides means for automatically col-
lecting waste liquids and for simultaneously feeding
these liquids into water recovery processes. The inven-
tion includes first and second tanks with first and sec-
ond two-way solenoid valves associated with each of
the tanks. The first solenoid valve is connected to the
liquid source and its associated tank so as to allow liq-
uid to flow into the tank when the valve is in its nor-
mal position and to allow the liquid to flow out of the
tank when the valve is in its actuated position. The
second valve is connected to its associated tank and a
gas supply so as to allow gas inside the tank to flow
out when the valve is in its normal position and to
allow gas to flow from the gas supply into the tank
when the valve is in its actuated position. Control cir-
cuit means are included for actuating the two valves
associated with the first tank and not actuating the
valves associated with the second tank when both said
first tank is filled and said second tank is emptied and
for not actuating the two valves associated with said
first tank and for actuating the two valves associated
with said second tank when both said first tank is emp-
tied and said second tank is filled, whereby both tanks
are alternately filled and emptied. The invention also
includes means for indicating which tank is being
filled and which tank is being emptied, means for indi-
cating the liquid level in each of the tanks, means for
counting the number of times the first and second
tanks are filled and means for making the invention
operable in a near-zero gravity environment.

2 Claims, 2 Drawing Figures
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AUTOMATIC LIQUID INVENTORY COLLECTING INSCRIPTION OF THF DRAWING
AND DISPENSING UNIT BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of the two tanks and
ORIGIN OF THE INVENTION tne piumbing associated therewith in the embodiment

The invention described herein was made by employ- 5 of the invention selected for illustration in the draw-
ees of the National Aeronautics and Space Administra- ings; and
tion and may be manufactured and used by or for the F|G 2 is a schematic drawing of the electrical cir-
Government for governmental purposes without the cuitry used in the embodiment of the invention selected
payment of any royalties thereon or therefor. for ''lustration in the drawings.

BACKGROUND OF THE INVENTION '° DETAILED DESCRIPTION OF THE INVENTION

The general purpose of this invention is to provide Turning now to the embodiment of the invention se-
means for automatically collecting waste liquids while lected for illustration in the drawings, the numbers 11
at the same time feeding these liquids into water recov- and " '" Fla ' designate tanks. Located inside tanks
ery processes. In addition, the invention can be used to 15 " and 12 are rolled bladders 13 and 14 for holdin« the

store and concurrently dispense the processed water. ^u'd- Bladder 13 ». «hown in its emptied state and
The collection and dispensing function has been per- "adder 14 » shown '"Us filled state. These bladders
, , .. . , . T. ... . are made from any suitable flexible material such asformedI manually in the past by utilizing two or more rubber A,SQ located inside tanks ,, an{J ,2 afe ns

tanks^ The water inventory techniques used m the past 20 ,5 an£) Jfi for . sures { ro)|ed ^^
are the graduated water-site gages tank pressure vol- ,3 and 14 respectivelv. Rot potentiometers 17 and
ume calibration, and weighing techniques. The disad- J9 are connected to the two pistons ,5 and ,6 respec.
vantages of these techniques are that manual operation tjve,y by negator sprjngs ,g and 20 such tha, as pjs.
of collection and dispensing devices require continuous tons 15 and 16 move up and down the outputs of poten.
surveillance by the operators. This is very time- 25 tiometers 17 and 19 vary. A two-way solenoid valve 21
consuming and does not allow the operators to perform js coupied to rolled bladder 13 and a liquid supply 23
other duties. Water inventory techniques such as site sucn ,nat wnen no voltage is applied to leads 22, liquid
gages and weighing fixtures will not operate in zero wj|| flow frOm the liquid supply 23 through valve 21
gravity. Tank pressure water volume techniques re- into bladder 13 and when a voltage is applied to leads
quire additional pumping to fill the tanks. The back 30 22, the liquid inside bladder 13 will flow through valve
pressure on the gas side of the liquid gas interface has 21 to the right side of the valve and out of the system.
to be equalized prior to water transfer into the unit. A two-way solenoid valve 24 is coupled to rolled blad-

o,,. . „., ~- -,....- ,„,,,,- ~ • der 14 and to liquid supply 23 such that when no volt-SUMMARY OF THE INVENTION age js app,ied £ ,eads ™ *he ,iquid from ,.quid supp,y

Basically, the invention consists of two bladdered 35 23 will flow through the valve into bladder 14 and when
tanks, separate control and readout circuits for each a voltage is applied to leads 25 the liquid inside bladder
tank, appropriate valves and plumbing to simulta- 14 will flow through the left side of valve 24 out of the
neously collect and dispense liquid as well as continu- system.
ously maintanrarTinventory of the l iquid in the tanks. A two-way solenoid valve 26 is coupled to tank 11
Each of the tanks has first and second two-way solenoid and to a pressurized gas supply 27 such that when a
valves associated with it with the first connected to the voltage is applied to leads 28, gas from the gas supply
liquid source and its tank so as to allow the liquid to 27 wi" flow through valve 26 into tank 11 and when no
flow into the tank when the valve is in its normal posi- Volta8e is aPPlied to leads 28'the 8as inside tank 11 wi"
tion and to allow the liquid to flow out of the tank when 45

 be vented out of the ri8ht side of valve 26' A two-way
the valve is in its actuated position and with the second solenoid valve 29 is coupled to tank 12 and to pressur-
valve connected to the tank and gas supply so as to ized 8as "PP'V 27s"ch that when a voltage is applied
allow gas inside the tank to now out when the valve is '° leads 30' «as *'» fl°w from g,as ̂  " 'nt° tank

in its normal position and to allow gas to flow from the ." and "hena
 K

v°'tage '' "Ot *?>*** l° le?ds
 f
30 !he f0

s

. . . , . . i . . . . j in tank 12 will be vented out of the left side of valve 29.gas supply-into.the tank when the valve ,s m its actuated 50 ,nasmuch as , 2? .g under ufe when {he

position. The four solenoid valves are connected to a flows .^ ^^ of ^ ^ (anks h wjj| force (he

control c.rcuit means which actuates the two valves as- ,. jd Qut of ,he tank Hence {he invention ig operable

sociated with the first tank and which does not actuate -n a zero gravjty environment since gravity ig not neces-
the two valves associated with the second tank when s fof jts operatjon
both said first tank is filled and said second tank is emp- 55 ,n (he contro| drcuU shown jn F,G ^ a sujtab,e vo,,.
tied, and for not actuating the two valves associated age source such as 28 volts d.c. is applied across termi-
with the first tank and for actuating the two valves asso- nals 31 and 32 A switch 33 is in the !ine connected to
ciated with the second tank when both said first tank terminal 31 for the purpose of connecting and discon-
is emptied and said second tank is filled whereby said necting the voltage source to the control circuit. With
first and second tanks are alternately filled and emp- switch 33 closed, a variable resistor 34 is connected in
tied. The invention also includes means for indicating series with a bridge circuit consisting of resistors 35 and
at any given time which tank is being filled and which 35, variable resistor 37 and potentiometer 17, across
lank is being emptied, means for counting the number the voltage source. The junction of resistor 35 and po-
of limes Ihe first and second tanks are filled, means for tentiometer 17 and the junction of resistor 36 and vari-
indicuting at any given time the liquid levels in the two ' able resistor 37 are connected to a voltmeter 38. A low
tanks, and means for making the invention operable in set point 39 of meter 38 is connected to one side of the
a zero gravity environment. potential and a high set point 40 of voltmeter 38 is con-
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nected to the other side of the potential. The meter 38
has a needle 41 and a scale 42 on its face. Needle 41
is connected to the junction of a relay coil 43 and a
relay coil 44 that are.connected in series across the
voltage source. The scale 42 is precalibraled to indicate 5
the level of liquid in tank 11. That is, as the level of liq-
uid in tank 11 changes the resistance of potentiometer
17 changes which in turn changes the position of nee-
dle 41 relative to scale 42. Hence, scale 42 can relate

is connected as shown between terminal 31'," the junc-
tion of contacts SSa and relay coil 57 and the junction
of contacts 44a and relay coil 59. Counter 66 counts
the number of times that relay contacts 43a and 54a
close.

In describing the operation of this invention, it will be
assumed that initially both tanks 11 and 12 are full.
Hence, needle 41 is in contact with high set point 40
energizing relay coil 43 and needle 52 is in contact with

directly to the level of liquid in tank 11. When tank 11 10 high set point 51 energizing relay coil 54. Conse-
is empty, needle 41 contacts low set point 39 thereby quently, relay contacts 43a and 54a are closed and a
connecting relay coil 44 directly across the voltage count of two appears on counter 66. Then to start the
source causing its contacts to be actuated. When tank sequence of operations, switch 67 is actuated and it will
11 is full, needle 41 contacts the high set point 40 be assumed that it is actuated such that coil 59 is ener-
thereby connecting relay coil 43 across the voltage 15 gized. Then relay contacts S9b close, completing a cir-
source. cuit through relay contacts S9b, relay contacts 57c and

A variable resistor 45 and a bridge circuit consisting relay coil 59 to keep relay coil 59 energized. Dump
of resistors 46 and 47, variable resistor 48 and potenti- light 63 is also energized indicating that tank 12 is
ometer 19 are connected in series across the voltage being dumped. While relay coil is energized, relay
source. The Junction of resistor 46 and potentiometer 20 contacts 59a and 59c are open thereby assuring that.
19 and the junction of the resistor 47 and variable resis- relay coil 57'and fill light indicator 62 are not ener-
tor 48 are connected to a meter 49. A low set point 50 gized. Also relay contacts 59d are closed energizing
of meter 49 is connected to one side of the voltage both valve 24 and valve 29. This results in the liquid in
source and a high set point 51 of meter 49 is connected tank 12 being dumped. As the liquid is being dumped,
to the other side of the voltage source. The needle 52 25 that is, as the gas flows into tank 12 forcing the piston
of meter 49 is connected to the junction of relay coils 16 against bladder 14, piston 16 is moved away from its
54 and 55 which are connected in series across the volt- top position thereby decreasing the output of potenti-
age source. Meter 49 also has scale 53 on its face which ometer 19. against bladder 14, piston 16 is moved away
is precalibrated to represent the level of liquid in tank from its top This decrease can be noted by the move-
12. When tank 12 is empty, needle 52 contacts low set 30 ment of the needle 52.
point 50 thereby connecting relay coil 55 directly
across the voltage source causing its contacts to be ac-
tuated; and when tank 12 is full , needle 52 contacts
high set point 51 thereby connecting relay coil 54
across the voltage source.

A set of normally open relay contacts 43a, a diode
56, a set of normally open relay contacts 55a, and a
relay coil 57 are connected in series across the voltage
source. All relay contacts are actuated by the relay coil

• When tank 12 is emptied, needle 52 contacts low set
point 50 energizing relay coil 55. This will close relay
contact 55a, energizing relay coil 57 since contacts 43o
are closed, this closes relay contacts STb completing

35 the holding circuit for relay coil 57. Light 61 is ener-
gized indicating that the liquid in tank 11 is being
dumped and relay contacts 57a are opened turning off
the fill light indicator 60. Relay contacts 57c are
opened de-energizing relay coil 59 and relay contacts

designated by the same number. A set of normally open 576 are closed energizing valves 21 and 26. Since relay
relay contacts 54a, a diode 58, a set of normally open coil 59 is de-energized relay contacts 59 assume their

normal position thereby de-energizing valves 24 and
29. Since valves 24 and 29 are deenergized, the liquid

relay contacts 440 and a relay coil 59 are connected in
series across the voltage source. A set of normally
closed relay contacts 57o and a fill light indicator 60
are connected in series across the voltage source. A set
of normally open relay contacts S7b and a set of nor-
mally closed relay contacts 59<? are connected in series
between terminal 31 and the junction of relay contacts
55a and relay coil 57. A dump light indicator 61 is con-
nected across relay coil 57. A set of normally open
relay contacts 596 and a set of normally closed relay
contacts 57c are connected in series between terminal
31 and the junction of relay contacts 44a and relay coil

45

50

from liquid supply 23 flows through valve 21 into the
bladder 13 of tank 11 and the gas inside tank 11 is
vented out through valve 26. When tank 11 is filled,
needle 52 makes contact with high set point 51, ener-
gizing coil 54 which closes relay contacts 54a thereby
producing another count on counter 66. Since valves
21 and 26 are energized, the gas from gas supply 57
flows through valve 26 into tank 11 forcing the liquid
in bladder 13 out through valve 21. When tank 11 is
emptied needle 41 makes contact with low set point 39

59. A dump light indicator 61 is connected across relay. ,, completing an electrical circuit through relay coil 44
coil 59. A set of normally closed relay contacts 59c and ~':i " -•- = -•- • •- - > - ^ = •--- ~
a Till light indicator 62 are connected in series across
the voltage source.

Valve 21 is connected in series with normally open
relay contacts S7d across the voltage source, and valve 6Q
24 is connected in series with the normally open relay
contacts 596 across the voltage source. Valve 26 is con-
nected in parallel with valve 21 and valve 29 is con-
nected in parallel with valve 24. Diodes 64 and 65 are
.connected in series between the junction of contacts 65

43o and diode 56 and the junction of contacts S4a and
diode 58. A counter 66 is connected between the junc-
tion of diode 64 and 65 and terminal 32. A switch 67

coil 59 which completes a cycle of this invention. Di-
odes 56 and 58 are blocking diodes to prevent false
counts when relays 44 and 55 are energized.

The advantages of this invention are that it is auto-
mated to 'allow the- simultaneous collection and dis-
pensing of liquids as well as maintaining an inventory
of liquid in the tanks. These features eliminate the need
for manual operation which reduces the manpower re-
quirement to operate the unit.

What is claimed as new and desired, to be secured by
Letters Patent of the United States is:

1. An automatic liquid inventory collecting and dis-
pensing unit comprising:
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/irs.1 and second tanks;
first and second two-way solenoid valves associated

with each of said tanks with the first coupled to a
liquid source and its associated tank for allowing
the liquid to flow into the tank when the first valve
is in its normal position and for allowing the liquid
to flow out of the tank when the first valve is in its
actuated position and with the second valve con-
nected to its associated tank and a pressurized gas
supply for allowing gas inside the tank to flow out
when the valve is in its normal position and for al-
lowing gas to flow from the gas supply into the tank
when the valve is in its actuated position;

control circuit means for actuating the two valves as-
sociated with said first tank and not- actuating the
two valves associated with the said second tank
when both said first tank is filled with liquid and
said second tank is emptied for not actuating the
two valves associated with said first tank and for

10

15

actuating the two valves associated with said sec-
ond tank when both said first tank is emptied and
said second tank is filled with liquid whereby said
first and second tanks are alternately filled and
emptied;

said control circuit means including a piston inside
each of said first and second tanks to form a com-
partment inside each tank for the liquid and a com-
partment inside the tank for the gas and including
a potentiometer associated with each of said tanks
and means attached to each said potentiometer and
the associated piston for varying the potentiometer
in accordance with the movement of said piston.

2. A liquid and dispensing unit according to claim 1
including means for measuring the output of said po-
tentiometer to give an indication of the liquid level in
the tank.
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