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5-Claims.

“This invention relates principally to aneroid
‘barometer apparatus, by which is meant pressure-
responsive instruments for measuring or ofher-
wise detecting atmospheric pressure or changes
therein, and more specifically, instruments that

“include 2 sealgd bellows or elastic box which is .

- exposed to the gaseous medium, e. g, the atmos-
phere, and which provides ‘mutual displacement
‘of its ‘opposite walls, for actuation of appropriate
translating structure. - If will be understood that
as used herein, the térm “barometer” is intended,
-unless otherwise expressed, to include altimeters
or like -apparatus for measuring or iranslating
changes of pressure of the atmosphere surround-
ing the instrument. Tt will also be understood
that the improvements herein disclosed are adapt-
‘ed for-yarious types of aneroid barometer appara-
-tus and also to other sehsitive instruments, to ef-
‘fect or improve the translation of relatively small
dispiacements of the bellows of -capsule or other

_actuating means into adjustments of suitdble in- .
dicating or recording means, €. g. & -pointer or a
_corresponding ¢element in recording devmes of the

depressor bar type.

" In-certain aspects, the present invention repre-
'sents improvements in barometer apparatus of
‘the’ character -dis¢losed and claimed in my co-
- pending application Serial No. 412, 121, -filed ‘Sep-
tember 24, 1941, for Ameroid ‘barometer move-
" ‘ment, now Patent No. 2,368,905, granted February
6, 1945; among other features, this patent dis-
" closes and cldims a novel and particularly satis-

‘factory striicture of bellows-responsive operating
means, in¢luding a igid lever member, connected
at closely spaced points at one end of such.lever,

sole support for the lever. In its presently pre-
ferred formis, the apparatus of ‘the present-inven-
“tioh incorporates such structure, as will be here-
inafter apparent.

Important objects of the: “present mventlon are
‘toprovide more sensitive, more accurate and-sim-
plified structire for -aneroid barometer move-
Jnents, and at the same time: to-provide:- apparatus
which is durable -and rugged -and relatively -iin-

- susceptible of damage by accident or with roagh

handling. Further objects are to provide a sim-
-plified -and highly efficient structure wherein back

1ash or play-is-avoided; while at the same time af-’

fording an -arrangement. ‘wherein -the’ range of
pointer swihg may be large -or ‘small, relative to

the movement of the: pressure-sen51t1ve Tneans, de- .

pending -only-upon the- -design of rela,twely 51mple
structural elements. .

To these and-other ends, certain presently pre-

38
to_opposite sides of the bellows by means of Stff .
resilient: spring elements-which jointly providethe E

.48

(CL 74—90)
A .2
‘ferred structures and features of the invention are
illustrated, by-way of example, in the accompany-
mv dla.wmgs in which:
F1g 1is & plan view -of 4 complete instrument,
5 Tnounted ih a portable ecase, with the.cover shown
open
F,lg 2isan enla.rged side eleva.tion of the mech-
amsm removed from the case, but including the
pointer ahd with certain parts cut away in verti-

.10 cai section;

_ Fig. 31s a plan view of the apparatus shown in

Flg 2.. .

- Pig. 4isa fragmenta.ry perspective view of the

connections between the bellows and operating
15 “lever shown in Fig. 3;

" Fig. 5isa fragmentfary plan and sectmnal view

generally on line 535 of Fig. 2;

Tig.6is a fragimentary end elevation of part of
the pointer shaft and associated parts shown in
20 Fig. 2; and :
© Pigs. 7 and 8 are respectively perspective and
Tiotrizontal sectional views of a pulley device
mounted on the pointer shaft as shown in Figs. 2
and 6.

Although, as-indicated heremabove the inven-
tion'may be applied to various types -of appara-
tus for ‘measuring atmospheric pressure or alti-
tude, or te any type of sensitive instrument in-
-‘volvihg recording or other translating structure,
the invention'is convemently iHustrated in a port-
a,ble barometer such as ‘shown in Fig. 1, having a
. case 20 with a hinged lid 21 which can be closed

to cover-the dial 22 of the instrument. It will be
‘noted that the dial 22 maybe appropriately grad-
“nateéd in -inches or mitlimeters of mercury or in
feet of altitude, of, as shown,in millibars of pres-
sure, the gwaduations being disposed clrcularly to
hetraversed by the pointer 23.

‘Mounted on -the uhder side of the dial 22 and
in appropristely-spaced relation thereto, the op-.
erating: structure comprises a rigid supporting
‘plate -or base 24, conveniently provided with legs

- 25 upon -which the mechanism may be rested
" When it is removed from the «case for testing, ad-
justment or other attention—see Figs. 2-and 3.

"Phe -pressure sensitive element comprises an
glastic capsule or bellows generally designated 26
and comprising a ‘pair of gircularly corrugated,
d:sh-shaped elements of thin, resilient metal, -
-which are prowded ‘with flanges at theirperiph-
.. eries,. the flanges being welded or otherwise ap-

. propnately secured together so -as to constitute
.a sealed capsule of generally cylindrical, shallow
configuration. Tt-will'be understood thatthecap-
sule is -appropriately exhausted, as by means of
the exhaust and sealing tube 27, so thatthe rela~
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live posmon of the opposite. walls 28 29 of ‘the .
" . capsule is governed by ‘the surrounding air -or
gas pressure, in the usual ma.nner of such dev1ces =

for aneroid barometers.

- Rigid studs 30, 31 project, respectlvely, from E
the walls, 28, 28 of the. capsule, the-stud 31 .being .

. .rigidly. but- adjustably ‘secured -in & clamping
. bracket 32 mounted on the base 28; . The other:
‘stud 30 .has a. t.apered nose 34 proyided with'a,

vertical slot (seée also Fig. 4). in which is forced

"A'that the bearmg aperture 41 mcludes an appro-«r(

" . priate shoulder or-seat for the upper end of the

“ adiustably engaged: with the surface of a cylin-.

.. spacer sleeve 48.. The lower-bearing screw 45 ..
s firmly threaded into a- lower: bearing plate. -
. 49. = Both ‘the bearing plates 46, 49 have; at-re-

mote efids, a Semi-circular notch 50 (see "Fig: 3) .

. drical stud.5i, which is. provided for mounting™-.
" the instrument.to ‘the panel 22. . The plates 46,.

10
. and soldered one side, of . hollow.-squarg OF .
- frame-like “member 35 of thm ~stiffly - reslhent'.
. sheet material, such as berylhum copper or.the -

like, A'similar hollow square or frame-like mem- ..

- ber 38, conveniently-made of the same thin sheet-

matenal is.disposed closely-adjacent to. the mem-."

. "ber. 85, and has one side similarly forced and sol= .

" dered-in- a vertical groove -of a projecting flange

" on a post'31 wh:ch is secured to the base-24: .An

‘opera.tmg lever or arm. 40, for mechanically am-

- . plifying the relatively minute displacements- of .

. the bellows wall 28 relative {o the wall 29, i§ con~ - ...
“veniently wholly supported:and actuated by the .

" . hollow. square springs 35, 36. Although the éle-

. ment 40 may be so constructed that.the ‘mem-

-bers 25, 36 can be directly secured thereto in the .

_manner of members 30 and 31, .the lever 40 is

convement]y made of aluminum - (or .alurhinum.’

“-alloy of high -tensile strength—the. base 24 and..

various connecting and mounting supports being

advantageously made of the same material), and -
- is fitted with a sleeve 41 of beryllium copper,

15

49 are secured together and sbaced by virtue. of. L
a snacer -memiber §2° appropriately- fastened t07=.

" the plates by .screws.§3, 54.. The.scréw-45 tra=,_ - . -
_verses, with a sloppy fit,"an appropriate aperture. .
in the base’ 24;:and the screw 54 may also have-;a...}

&, similar sloppy. fit-(not shown) -in the:base 24.
It will be’ seen that in this way. the assembly. of ™

"bearing plates 46, 49 and spacer.52, carrying and:.;

" -pivoting . the pomter 23 and ifs’ shaft 44.may be.
-._minutely adjustéd for proper relation of the pin- -

20

ion, 48 with the.gear-segment 42; and then the:.
. assembly 1s seculed m place by tlghtemng ‘the,.
. screw 54. .

-.In order to’ prov1de p051t1ve engagement of the. '

“.. gear segment 42 and pinion 43 at all times, with-

25

out .play or back-lash, & novel and efficient struc- 7. .

‘ture is' provided comprising-a pulley. 56 mounted‘

"+ on ‘the.pointer shaft 44, conveniently just below -
" - the pmlon 43 and having the ‘bottom of its cord- :
* ‘receiving groove convenijently in exact or' approx- ..

30

Jimate lin¢ with the piteh liné of the pinion 43.

At-one side the lever 40 carries.a long. arm 57 of ..

* spring-wire, to which, is tied, at its hooked end.

bronze, brass or the like, at the end of. the lever
adjacent to the.stud 30 and- post 37, "Vertical ..

‘slots-or grooves are conveniently provided at one,
side-of the lever 40, extending through the slegve.
41, and the free or opposite sides ‘of the squate

spnngs 35, 36 are respectively forced -and sol-

" . dered into the last-mentioned slots. - The result-"
ing structure, for example as shown-in Fig. 4, pro- .
.vides a convenient support for the lever, 40, and

35"
.. be beaded-or knotted at one end, and the bead. -

.58, a thin flexible’ cord 60. (see also Fig. 6) which.

passes around and is fastened .to the pulley.  Asx. t
shown in Figs. 7 and 8, the-cord may, convemently_f__ oo

. 'seated in a hdle 6i of ‘the pulley, whence the gord:..
": passes: through a-slot 62:to the- pulley surface;

40

_ but -ofher means for seéuring the cord to the pul-"-
‘ley. may-be provided if desired. . The cord'is prefs..,

- -erably of nylon or other substantlally inelastic

for immediate transmission thereto (and amph- e

chanical loss.

e fication.thereby) of the displacements of the cap-
.sule, without back Iash sticking or’ other me-

. " 45

. Although 'in. some.cases valuable results may

ahd-highly flexible material, which is substan- "~ .
tially unaffected by changes-of temperature and-,. o

_.hunudlty ‘Tt will be noted. that’ by virtue of ‘the

spring tension of the long spring wire 57, the cord - -

" 60, drawn around the. pulley 68, providés a con-._ -

be had w1th simple strap-like spring members .’

intermediate' the posts 30—31 and the lever 40,

the open squiare or frame-like structures are of _:
50

partrcular advantage in that they ‘avoid- weak-
ening, rupture,, or other effects 6f. hystere51s or

- other- derangement in ‘the connection. of the
-.  spring members to the studs and lever; instead" -
‘of tending to bend back and_ forth relative to the. .
. supporting-slots, the actual stress exerted by or
. upon the frame-llke connectors is of a torsional - .
_ - character only, which does not fend. to disturb, or, -
.. to produce hysteresis in; the solder by wh:ch they
‘are connected. - .
At its opp051te end ‘the. lever 40 1s integrally
provided with a gear ‘segment 42, “arranged. to <~
‘mesh with a pinion- 43 carried by. the ‘vertical .
spindle or shaft 44, which at its uppér end car- -

-.stant. tension or torque on.the- pomter assembly,‘ -

substa,ntlally at the piteh line (or.the end of the"

‘pitch diameter) of the pinjon at all times. Thus. ’

the- gearing is kept- constantly in mesh without:

play or:back*lash, and at-the same time ‘the -

" force-exerted by the cord 60 is not.only constant

65

. but- substantially in the.same direction, for, all -

positions. of the. mechamsm in its range of- opera-=- '
tion." :

e IN. order to prevent accxdenta,l bendmg or- dxs-' .

“placement of the- lever 48, a wire guide 65 may-
- _be ‘provided,. extending above the lever.and“out - -

60

- of .contact with it, at the. gear segment portion . o

thereof. To arrest the mechanism at'the ends: .~

. of its paths.of travel, & suitable pin 66 may ex- ‘

tend up from the base.24 in'the triangular aper--

- ture of the lever adjacent to the" gear segment, so

ries the "bointér 23. The lower end-of the shaft -

44 is appropriately pointed and constitutes with -
the upper-end of a screw 45;.-a suitablé needle.

that the pin will strike the sides. of this aperture - .

and airest the lever. at the ends'of its“path of--

- travel.: It ‘will also .be noted that.the ‘capsule -or

bearing of practically fnctmn-free .character. A .

vrela.tlvely loose and substantlal]y frictionless
.. bearing.is also provided near the upper end of

‘the ‘shaft &4 by.a transverse plate 46 (the upper

. bearmg being desxgnated AT, and to facilitate
spacing and acéurate bearing support;. a sleeve 48
s convement]y slid- ‘down on the shaft; as shown, . .
- .- when-the instrument is assembled and beforethe -
beanng plate 46 is. put in place. . It Wll]. be noted"

5.

;-mstrument 'or.for reset in use, a light coil spring., - '
_SB is. hooked at one: end to, the spring hlnge ele-, ’

bellows 26 is convenieritly seated in an elongated “-

_ '-aperture in the.base .24, the. aperture sufficiently.:
- ...cléaring the capsule. at all points; so that the vari-
70 . :
- are a.ccurately mounted substantxally ina plane,._ S |
- with the center of the capsule. "~ . el |

ous supportmg and ‘operated. mstrumentahtles'_"- .

~For prehmmary zéro-set or cahbratlon of the‘
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ment 35 and at the other end to an adjustable
arm 69, the arm 69 being moved by a gear seg-
ment 70 which is pivoted at TI. The gear seg-
ment 18 is actuated by an appropriate pinion 712
at the foot of a shaft 13, having in its head a
suitable slot 74. When mounted in the case as
shown in Fig. 1, an adjusting serew 15 is provided
in the panel, having a downwardly projecting
blade 16 for engaging the slot 14 (see Fig, 2).
Thus upon turning the screw 15 and shaft 13, the

. arm 69 is moved toward and away from the.

capsule stud 30—thereby providing adjustment

_of the initial or other setting position of the lever

40 and of the capsule wall 28. It will be noted
that by virtue of this construction, the setting
adjustment does not affect the accuracy of the
instrument, since the spring 68 pulls directly
upon the capsule stud 30 at all times and since
the spring naturally has the same rate in all posi-
tions of adjustment. A supplemental holding
spring 89 may also be provided, as shown in Fig.
3, to maintain the shaft 713 in any desired posi-
tion of adjustment.

Thus the spring 68, by its adjustment with the

screw 15, may be used to adjust the needle posi-’

tion as may be necessary because of aging of the
parts of the mechanism. As stated, the adjust-
ment is directly and simply of the face position
of the capsule and is without effect on the ac-
curacy of the instrument, since the rate of the
spring is necessarily constant and it is always a
part of the mechanical system. B

It will now be seen that the described struc-
ture provides an extremely simple and yet re-
markably efficient movement for aneroid barom-
eter-apparatus. It is entirely free of play or back
lash, and sticking or other effects of bearing
friction are notably absent. In fact, the instru-
ment is fully responsive at all times to pressure
changes and there is no necessity for tapping or
other manipulation, as is commonly required in
aneroid barometers. By virtue of the stiff spring

10
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hinge construction embodying the members 35

and 36, movements of the capsule walls are im-
mediately translated into an amplified displace-
ment of the segment at the end of the lever 40,
and with the play-free connection of the gearing,
the pointer is likewise responsively adjusted. It
will also be seen that the structure is such as to
permit any of a wide variety of desired relations
between extent of pointer sweep and pressure or
displacement range of the capsule—simply, for
example, by changing the pitch of the gears or
within limits, the radius of the pinion 72 (or to
some extent, the radius of the gear segment 42).

It is to be understood that the invention is not
limited to the specific forms and operations here-
in disclosed by way of example, but may be car-
ried out in other Ways without departure from its
spirit.

What is clalmed is:

1. In a sensitive instrument of the character
described, a displacement multiplying mecha-
nism, comprising a lever adapted to be given a
relatively small angular movement and by its
length adapted to multiply the angular motion
imparted thereto, a segmental rack carried by
said lever at its outer end, a pinion meshing with

- said rack, a shaft carrying said pinion, and means

fixedly connected both to said rack-and to said

46
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shaft.for opposing backlash, said means including -

a spring under substantially constant stress and
a flexible filament maintained under substan-
tially constant tension by said spring.

2, Apparatus according to claim 1, wherein the

75

means fixedly connected both to said rack and o
said shaft for opposing backlash, and including
a spring and a flexible filament, further com-
prises a drum secured on said shaft and arranged

_ to rotate with said pinion, said flexible filament

being secured to and trained around said drum,
and said spring securing said flexible filament to
a point rigid with said rack.

3. Apparatus according to claim 1, wherein
the means fixedly connected both to said rack and
to said shaft for opposing backlash, and includ-

ing a spring and a flexible filament, further com-

prises a drum having a diameter substantially
equal to the pitch diameter of said pinion -and
mounted rigidly on said shaft and concentrically
therewith, said flexible filament being secured to
and trained around said drum, and said spring
securing said flexible filament to a point rigid
with said rack.

4, Apparatus according to claim 1 wherein
the means fixedly connected hoth to said rack and
to said shaft for opposing backlash, and includ-
ing a spring and a flexible filament, further com-
prises a drum having a diameter substantially
equal to the pitch diameter of. said pinion and
mounted rigidly on said shaft and concentrically
therewith, and wherein said spring is s leaf spring
secured at one end to a point on said lever and
at its opposite end to said flexible filament, the
connecting point between said filament and said
leaf spring being so located that -said filament
will be extended away from said drum in a direc-
tion substantially parallel and aligned with the
common tangent between said pinion and said
segmental rack.

5. In a sensitive instrument of the character
described, a displacement multiplying mecha~-
nism comprising a lever adapted to have an an-
gular movement imparted thereto, a segmental
rack carried by said lever, a pinion meshing with
said rack so-as to be rotated by the angular
movement of -said lever, a shaft carrying said
pinion, a resilient member having one part con-
nected to and moving with said lever and seg-
mental rack, a part rotating with said shaft, a
flexible filament. connected at its ends to said
resilient member and to a point fixed with re-
spect to said shaft and adapted to be wound on
said rotating part upon the rotation of said shaft,
the diameter of said rotating part on which said
filament is wound being so related to the point
of attachment of said filament with said resilient
member that said filament will be maintained
under substantially constant tension throughout
the operating range of the instrument.

CHARLES FREDERICK WALLACE.
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