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. 2 Claims.

: 1
This invention relates to liquid density sensing
apparatus or densitometer; and its object is to

2

. ‘passages- 31 (Fig. 10) of the hub 26 and thence

obtain a mechanical movement indicative of the

density of a liquid which, for example, may be
-the fuel used by an internal combustion turbine.

This object is accomplished in the disclosed
embodiment of the present invention by the use
of floats of different densities all within the range
.0f the density of the liquid. In the case of tur-
bine fuel, these densities might be in the range
of .60 to .90, The liquid is continuously sampled
‘by causing it to pass through a rotating den-
sitometer chamber within which the floats are
supported for movement radially of axis of ro-
‘tation of the chamber. The floats having den-
.§ity greater than the density of the fuel move
outwardly and those having lesser density move
or remain inwardly. As fuel density increases

10

from a minimum, the inward force of the floats :

of lower density is used to effect. a mechanical
-movement which corresponds to the density of
~the fuel.

Further objects and advantages of the present
invention will be apparent: from the following

-description, reference being had to:the accom- -

panying drawings wherein a preferred embodi-
ment of the present invention is clearly shown
- In the drawings:

. Fig. 1 is a longitudinal sectional view of a '

dens1tometer embodying the present invention.
PFig. 2 is a longitudinal sectional view of a float
drawn to a scale larger than in Fig. 1.
- Fig. 3 is a sectional view on line 3—3 of Fig. 1
- Pig. 4 is a view in the direction of arrow 4 of
-Flg 1 of a float guide.
Fig. 5 is a sectional view on line 5—35 of F1g 4.
. Pig. 6 is a fragmentary sectional view on line
-6—6 of Fig. 1.
Fig. 7 is a’'diagram showing floats in inner-and

outer positions and the surfaces of a reaction 4

-plate which the floats respectively engage. .
Fig. 8 is a diagram showing, in section, the
float engaging surfaces of the reaction plate.
Fig. 9 is a view in the direction of arrow 9 of
Fig. 1 of the reaction plate. ’
Fig. 10 is an enlarged sectional view on line
10—10 of Fig. 1.
“Fig. 11 is an enlarged, fragmentary sectlonal
‘view on line 11—I11 of Fig. 9.

Referring to Fig. 1, a case 20 supports bearings -

-21 and 2ia for a shaft 22 having splines 23 for
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making - connection with a driving shaft and -

having splines 24 connected with splines 25 of
"the hub 26 of a reaction plate 27 as shown also
in Fig. 10. The hub 26 has a press fit with the
inner race of bearing 2{ which acts as a thrust
bearing. The outer race of bearing 21 is en-
gaged by a ring 28 which screws 28 secure to
case 20. Ring 28 provides a tapped hole 30 for
receiving a pipe by which liquid is conducted to
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‘into the space enclosed by a housing 32 whose

flange 33 is attached by screws 34, threaded into
a ring 35, to a plate 36 which screws 37 attached

‘to a float carriage and guide 38 ‘splinedly con-
‘nected to shaft 22 and slidable thereon.-
‘housing -32 has holes 39 for the exit of liquid
‘from the housing to the case 20 and thence
-through"a metering or resistriction orifice 48in

‘The

a block 41 supported by a bushing 42 which pro-
vides g -threaded hole 43 for receiving a liquid
exit pipe. - Due to centrifugal force generated by
the liquid rotating with housing- 32, the -outlet
pressure is higher than the inlet pressure. -‘The
out . flow which' is regulated by the restriction 40

-is such-that complete . changes of fuel occur at
.the desired frequency.

‘The screws.31 secure to carnage 38 two rings
50 and 51 which together provide spherical sockets

for the ball ends 52 ‘of hollow floats 53. Each

float has a small diameter shank portion 54 (Fig.
2) received by a notch 55 (Fig. 6) of ring 81 and
a:larger-diameter shank portion 56 received by
a notch 51 (Fig. 4) between guiding arms 58:of
carriage. 38. The float shank has a flarige 59
to which a cap 60 is attached preferably - by
soldering.. After soldering; the hole GI 1n the
shank is plugged by a ball 62 :

‘In:Fig. 7, the caps 60 are represented by c1rcles
66a:in ‘an inner row: to represent the innermost
positions. of the float caps and by circles 60b

-in"outer row-to represent -the:outermost posi-
~tiohs of the float caps.

" There are: {4 floats:ar-
ranged.as shown . in Fig. 7:in 7 pairs, the floats
of each pair being diameterically opposite.. The
numbers {f to T1f applied to circles in Fig. 7 in-
dicate:the locations of the floats. - The float cap-
engaging surfaces or pads of plate 27 which
respectively are engaged by the caps of -these
floats are marked "{p to: Tp respectively. The
pads are separated by notches 65. Fig. 8 shows
that each pad is a segment of a cylinder whose
radius is represented by arrows R. The centers
of curvature of the pads {p to Tp are respectlvely
located at centers { to T in Fig. 8. :

JIf, for example, the liquid whose densn',y is to
be sensed lies in the range of .68 to .90, densities
of the pairs of floats are preferably as follows:

Specxﬁc .

Pairs of floats grawty

. 705-. 711

:869— 875

To obtain these dlfferent specific grav1t1es, the
portions of the floats between lines X' and Y (Fig.
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2) receive different amounts of chromium plat-
ing. Some of the plating at the end of the caps
60 is buffed off so thatthe distance between lines
X and Z will be uniform.

The arrangement of the floats is such that

loading of the shaft 22 is substantially in balance.. :

Fig. 1 shows the status when the liquid in hous-~

ing 32 has density greater than the deusity of .

floats 1f. All of the floats are in innermost posi-
tions. Only floats Tf contact pads, which are
marked Tp. The other floats do not then engage
pads.
a shoe 70 having a ball-and-socket joint connec-
tion with a lever Tl attached to g shaft 12 rotat-
ably supporied by the cdse 20 and supporting a
disc 73 ‘which is urged: cleckwise in: Fig. I in-any
-suitable:manner, for example; by o spring 14 at-
Stached toa stud 14a and to a band 15 a.ttached
‘to-the-disc 13 by a serew 716, -

I the liquid has densﬂ;y less than the densﬂ;y
-of floats Tf and greater than the density of floats
‘6#; floats Tf move outwardly clear of pads Tp-while
the other floats remain.in. - Lift- movement of. the
flogt carrier and guide 38 is limited: by engage-
.ment- of floats 6f with. pads 6p. Therefore disc
T3 moves clockwise an-amount which. represents
the density of the liquid. As the density of the
liquid decreases; the pairs of floats move out in
-succession until oenly floats (f remain in to engage
pads{p: The angular displacements clockwise of

" disc 13 take place in: steps which represent 7 dif-
ferent indications of liquid:specific:gravity which,
for example, might be 8’72, ;845,:.817T,:.790, 763
1736, [708.

In case the: liquid. dens-lty weére less than the ¢

density of floats f, those floats.alse move-out-and
‘float carriage 38 mioves left until it engages re-
action plate 27: This final movement. of carriage
38 ‘pravides no indication: other than that the
Hquid. is: too thHin for the-use for wh.lch it was
inferided. :
© - As liquid densﬂ',y mcreases from a value below
the useful minimum, ‘the pairs of flodts move: in
sequentially, {f to 1f, to engage their respective
pads ip to 1p to effect, in steps, counterclockwise
movement of disc 13. The inward force applied
to: those pairs: of*floats having density nearest. to
but:less than the density of the liquid is sufficient
to cause the floats mioving in to engage their pads
-to" exert. a.camming action upon them. To make
-thig egmming dction possible, g@s shown i Fig. 1,
-the: center of ‘curvature of ‘the curved part of the
fodt ball cap 60 is: closer to the axis of shaft
-2& than the loci of pad curvature centers T to. 7.
. The movements of the floats take place under
-the influerice of centrifugal force when the shaft
‘rotates at relatively high speed.
Indication of density may be obtained by pro-
“viding the dise 13 with a scale 17 movable adja-
cent a fixed pointer T8. If the densitometer is
used to effect control over other apparatus; for
‘example, apparatus for controlling the flow  of
‘fuel toburners of an internal combustion turbine
jet engine, disc 73 provides a cam groove 80 of
suitable ¢ontour which receives a follower roller
81 carried by a lever 82 pivoted at 83 and having
an arm received by a notch 84 in a valve rod 85
which moves a valve of an hydraulic servo 86 of
the: type in which a piston follows a valve to
“whatever position the valve is moved by its rod
85.. The piston rod 81 connected. with the piston
moves according to movements of the rod 85.
Rod: 81 can be used to impart movements to fuel
flow control.apparatus.in:order that fuel flow will

Floats T1f are pressed against pads. Tp by

4

be controlled in accordance with fuel density as
well as other parameters.

While the:embodiment of the present invention
as herein: disclosed, constitutes a. preferred form,
it is to be understood that other forms might be

. adopted.

What is claimed is as follows:
1. A liquid density sensing apparatus compris-

. ing a driven shaft; floats of different densities

10

in a.yange of densities of the liquid whose density
is to be sensed, a reaction plate having a hub

- fixed te the shaft and providing pads located in
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(2

& circular row around the shaft and having sur-
faces to be engaged, respectively by floats of dif-
ferent densities, said pad surfaces being located,

Jlongitudinally of the shaft axis; at: different dis-

tanees from the plate hub; a member supported
for movement coaxially of the shaft and opera-
tively: connected therewith, means provided: by
the member for supporting each float for move-
ment radially of the shaft axis from: a lecation in
which it may engage its particular pad of. the
reactive plate when the density of the float isless
than the density of the liquid to- a location in
which. the: float clears the reaction plate when
its density is greater than the density of the
liquid, said movement taking place under the in-
fluence of centrifugal force when the shaft is
rotated at relatively high speed, means. for urging
the member toward the plate, the distance be-
tween the member and the plate depending on
which one of the floats engages a pad: of the
plate, means connected with the shaff and pre~
viding a chamber surrounding the. plate: -and
floats, said chamber containing the liquid whose
density is to be-measured, and an element opera-
tively connected with the float supporting: mem-
ber, the position of the element bheing 1nd1cat1ve
of the density of theliquid.

~2. A liquid density sensing - apparatus cam-
prising a driven:shaft, a housing surrounding the
shaft and providing a chamber for receiving
liquid whose density is to be sensed, duct means
for directing the liquid into the chamber near
the shaft, outlet ducts provided by the housirig
remote from the shaft, a reaction plate with the
housing and driven: by the shaft, said reaction
plate providing pads having surfaces to be en-
gaged, respectively by floats-of different densities,
said pad surfaces being loecated at differerit. dis-

tances from-a plane at right angles to the shaft

axis, a housing support connected-with the shaft
for sliding movement therealong,. floats of dif-
ferent densities in a range of densities of liquid
passing through the chamber, means eonnecting
the floats. with the housing suppoit and provid-
ing for movement of each fleat radially of the
shaft from-a location in which it may engage its
particular pad of the reaction plate when the
density of the float is less than the density of the
liquid in the chamber to:a.location in which the
float clears the reaction plate when its density
is greater than the density of the liguid i the
chamber, said movement; taking place under the
influence of centrifugal force: when the shafi is
rotated at relatively high speed, means for urg-
ing the floats toward the reaction plate, whereby
the position of the housing along the shdaft is
determined in accordanee with which one of- the
floats engages. the reaction. plate and ‘% movable
member operatively connected with the housing
the position of the member being indicative of
the density of the liquid.
J OHN DOLZA
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