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This invention relates to humidity sensing apparatus,
and more particularly to an electrical humidity-sensing
unit of the multiple-element type.

A main cobject of the invention is to provide a novel
and improved humidity sensing unit which is simple in
construciion, compact in size, and which is arranged to
operate over a wide range of relative humidities.

A further object of the invention is to provide an im-
proved electrical humidity-sensing unit of the multiple-
element type to cover a wide range of relative humidities,
said unit including an electrical compensating network
as a unitary part thereof, said unit being inexpensive to
manufacture, being rugged in construction, and being
stable in perfermance. ’

A still further object of the invention is to provide an
electrical humidity-sensing unit
which provides accurate electrical response over a wide
range of humidity conditions, which is highly resistant to
shock and vibration, and which is easy to conmect into
its associated indicating circuit.

Further objects and advantages of the invention will
become apparent from the following description and
claims; and from the accompanying drawings, wherein:

Figure 1 is a vertical cross-sectional view taken longi-
tudinally through a wide-range electrical humidity-sens-
ing unit constructed in accordance with the present
invention.

Figure 2 is a horizontal cross-sectional view taken on
the line 2—2 of Figure 1.

Figure 3 is a fragmentary horizontal cross-sectional

view similar to Figure 2 but illustrating a modified elec-’

trical humidity-sensing unit according to the present in-
vention,

Figure 4 is a fragmentary bottom view of the humidity-
sensing unit of Figure 1.

Figure 5 is a schematic wiring diagram showing the
electrical connections of the humidity-sensing units of
Figures 1 to 4.

Referring to the drawings, and more particularly to
Figures 1, 2 and 4, one form of multiple-element humid-
ity-sensing unit according to this invention is designated
generally at 11. The humidity-sensing unit 11 com-
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prises a circular base 12 of insulating material which is .

clamped to a conventional female connector 13 of the
pressure-sealed type, by means of a clamping ring i4
which is threadedly engaged on the externally threaded
upper portion 15 of the conmnecior 13 and which is
formed with an inturned annuviar clamping flange 16.
A cylindrical shield member 17 of suitable rigid mate-
rial, such as aluminum alley, is formed at its lower end
with an annular outwardly projecting flange 18 which
engages the peripheral portion of base 12 and is clamped
theretc by the flange 16 of ring 4.

Base 12 is formed with a reduced top portion 19 which
fits within- the lower portion of shield 27.

Base 12 is integrally formed with an upstanding axial
post member 20 which rises from the center of reduced
top portion 19, Iategrally formed on the top end of
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post member 20 is a circular support 21 which is sub-
stantially the same in diameter as portion 19 and thus
fits closely inside the rigid shield 17. As shown, sup-
port 21 is parallel to top portion 1%, Designated at 22
is a second circular support of the same diameter as
support 21. Support 22 is rigidly connected to support
21 in coaxial spaced parallel relation thereto by a plu-
rality of rod members 23 of insulating material, such
as polystyrene, or similar plastic material, said rod mem-
bers being spaced around the axis of the unit at common
radial distances therefrom. .

In the form of the invention herein specifically illus-
trated, four rod members 23 are employed, which may
be spaced apart by 90 degree angles, as shown in Figures
1 and 2, or which may be spaced apart by different
angles, for example, by angles of approximately 72 de-
grees, as shown in Figure 3.

Wound on the respective rod members 23 are respec-
tive pairs of bifilar conductors 24, 24’, 25, 25’, 26, 26/,
and 27, 27’, and respective coatings of hygroscopic,
humidity-sensitive resistance material, such as lithium
chloride, or the like, are provided on said rod members
in contact with the bifilar conductors, said bifilar con-
ducters and coatings being formed and arranged so that
the conductors and coatings on the different rod members
define humidity-responsive resistors having different
characteristics. This may be accomplished in any suit-
able manner, as, for example, by varying the spacing
between the bifilar conductors, or by varying the physi-
cal characteristics of the coating, such as by varying
its thickness.

Thus, the humidity-sensitive element defined by the
coating contacting the bifilar conduciors 24, 24’ may be
designed to have its major useful respense in a range
of relative humidities (at a temperature ¢f 80° F.) of
between 41 and 60%, the clement defined by the coat-
ing on the conductors 25, 25’ may be designed to have
its major useful response between 26 and 42% relative
humidity, the element defined by the coating on the con-
ductors 26, 26’ may be designed to have its majer useful
response between 18 and 33% relative humidity, and the
element defined by the coating on the conductors 27, 27
may be designed to have its major useful response be-
tween 11 and 23% relative humidity, all at a tempera-
ture of 80° F.

In the form of the invention shown in Figures 1 and
2, a temperature sensing resistor 2§ is mounted centrally
on support 21 within the space defined inwardly of the
rod members 23. )

Alternatively, as shown in Figure 3, the temperature
sensing resistor 28 may be mounted on the outer por-
tion of support 21 so that it is substantially at the same
radial distance from the axis of the unit as the rod
members 23. _

The temperature sensing resistor 28 may be a ther-
mistor of a suitable type, for example, Type L 1215,
made by Keystone Carbon Co., Saint Marys, Pennsyl-
vania, having a resistance at 100° F. of about 7,509
ohms and varying in resistance substantially linearly from
about 47,000 ohms to about 4,740 chms over a tem-
perature range from 32° F. to 120° F.

The connector 13 is provided with suitable terminals,
for example, the female terminals 29, 38, 31, 32, 33

_ and 34. Terminals 32 and 33 are connected together

and are connected by a suitable conductor 35 passing
through base 12 and support 21 to one terminal of the
thermistor 28. Terminal 34 is connected by a similar
conductor 36 to the remaining terminal of the thermistor.

The respective conductors 24’, 25’, 26’ and 27’ of the
bifilar pairs are connected to a common wire 37 which
extends through base %2 and is connected to the con-
nector terminal 31.
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Designated at 38, 3%, 49 and 41 are respective com-
pensating resistors which are mounted in the space be-
tween base 12 and support 21. Resistor 41 is electrically
connscted between conductor 27 and conductor 26. Re-
sistor 45 is electrically connected between conductor 26.
and conductor 25. Resistor 39 is electrically connected
between cenducter 25 and conductor 24. Resistor 38 is
electrically connected between conductor 24 and con-
nector ierminal 29, as shown in Figure 5. The resistors
38, 32, 4% and 4% have suitable values and are intercon-
nected with the humidity-sensitive elements in a manner
whereby the resistance between terminals 29 and 31 varies
in 2 definite and easily measurable manner over a wide
range of relative humidities which includes and is much
greater than the useful range available for cach of the
humidity-sensitive elements taken alone. Thus, in the
typical embodiment of the invention described herein,
the unit has a useful range of at least bstween 11% and
50% relative humidity, at a temperature of 80° F., cover-
ing the range between the Jower useful limit of the element
comprising the bifilar conductors 27, 27’ and the upper
useful limit of the element comprising the bifilar conduc-
tors 24, 24,

In a typical practical embodiment of the invention, the
following values were used for resistors 38, 39, 45 and
aq:

Resistor: Value

3 e ohms.. 910,000
do.__._ 225,000
do..__ 572,000
A megohms.. _ 1.55

Ths rigid cylindrical shield 17 is formed between sup-
ports 21 and 22 with a large number of uniformly dis-
tributed apertures 42 to freely expose the humidity-sens-
ing elements and the thermistor to the atmosphere. At its
top end the shield 17 is formed with the inturned flange
43, and clamped between said flange 43 and the peripheral
portion of the top surface of circular support 22 is a
ring member 44 of resilient deformable material, such
as rubber or the like. Ring member 44 is under substan-
tia] compression and acts as a dimensional filler between
flangs 43 and support 22. Said ring member also acts as
absorbing means to dampen the transmission of
- vibration forces from shield 17 to the humidity-
sensitive elements. Further damping of such forces is
provided by a filling 45 of insulating material, such as
wax, or the like, in the space between support 21 and
The insulating material 43 is preferably of a
1 dielectric character and serves to prevent the forma-
resistance leakage paths across the network re-
39, 40 and 44, which are embedded in the

Said material also protects the resistors against

s resistors, provides thermal insulation for said resistors,
and acts 1o seal the joint between the interpal threads of
the clomping ring 14 and the external threads on the
upper portion 15 of connector 13.
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In use, the unit 1% is conected to a suitable indicator

by a dple-conducter cable having a male connector
mating with the female connector 13. The indicator is

provided with suitable means to calibrate same in accord-

ance with the temperature, as detected by the thermistor
23, so that the relative humidity will be read directly

therefrom, in accordance with the resistance of the hu-
midity-sensitive network, as exhibited between the termi-

o

nzls 29 and 21 of the unit 11.

¢ varicus modifications within the spirit of the inven-

a may cccur 10 those skilled in the art. Therefore it

is intended that no limitations be placed on the inven-

tion except as defined by the scops of the appended claims,
YWhat is claimed is:
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1. An electrical humidity-sensing unit comprising 2
base having a pair of terminals, a pair of parallel spaced
supports mounted on said base, 2 plurality of rod mem-
bers of insulating material rigidly secured in spaced paral-
lel relation between said supports, respective pairs of bi-
filar conductors wound on said rod members, hygroscopic
coatings of humidity-sensitive resistance material on said
rod members in contact with the bifilar conductors, said
bifilar conductors and coatings being formad and arranged
so that the conductors and cosztings on the different rod
mbers define humidity-responsive resistors having dif-
ierent characteristics, means interconnecting said bifilar
conductors and terminals, an zpertured housing secured
fo said base and surrounding sald supporis, and resilient
means engaged between said housing and said sunports.

2, An clectrical humidity-sensing com:nrising a
base having a pair of terminals, a first support, a central
rigid post member rigidly connecting said first support to
said base in spaced parallel relation therets, a second sup-
port, a plurality of parallel rod members of insulating
material spaced around said supporis, said rod mombers
being rigidly secured between said supports and connect-
ing said supports in spaced parallel relation, respective
pairs of bifilar conductors wound on said rod members,
hygroscopic ceatings of hu >
terial on said rod members in contact with s2id conduc-
tors, said bifilar conductors and coatings being formed
and arranged so that the conducters and coatings on the
different rod members define humidity-responsive resistors
having different characteristics, and means electrically
connecting said conductors o seid terminals.

3. In combination with the structure of claim 2, a per-
forated rigid shield secured to said base and surrounding
said supports, said shield being provided with an inturned
rim at the portion thereof adiacent said second supporti,
and a shock-absorbing resilient ring member disposed be-
tween said second support and said inturned rim.

4. In a wide-range humidity-sensing unit, a pair of
parallel, rigid, spaced supports, a plurality of rigid rod
membvers of insulating material secured in spaced parallel
relation between said supports, respective pairs of bifilar-
wound conducters on said rod members, and respective
hygroscopic coatings ¢f humidity-sensitive resistance ma-
terial on said rod members in ceatact with said con-
ductors,

5. In a wide-range humidity-sensing unit, a pair of
spaced parallel disc members, a plurality of rod members
of rigid insulating material secured in spaced parallel
relaticn between the marginal portions of said disc mem-
bers, respective pairs of bifilar-wound conductors on said
rod members, and respective coatings of humidity-respon-
sive resistance materizl on said rod members in contact
with said conductors.

6. In a holder for a wide-range, resistance-compensated
humidity-sensing unit of the multiple-element type, a base
member, a post niember rigidly secured to said base mem-
ber, a first support plate secured tc the ead of said post
member in spaced parallel relaticn to said base member,
defining a space therebetween to receive compensating re-
sistors, a sccond support plate parallel to said first sup-
port plate, and a plurality of rod members of rigid
insulating material secured in spaced parallel relation
between said support plates and being adapted to receive
respective pairs of bifilar-wound conductors thereon and
to receive respective hygroscopic ceatings of humidity-
sensitive resistance material in contact with said con-
ductors.

7. In a holder for a wide-range, resistance compen-
sated humidity-sensing unit of the multiple-element type,
a circular base member, a post mamber rigidly secured
to said base member and extending axially thereof, a first
support disc axially secured to the end of said post mem-
ber in parallel spaced relation to said base member, de-
fining an annular space therebetween adapted to reccive
compensating resistors, a second support disc parallel to
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said first disc, and a plurality of rod members of rigid
insulating material secured between the marginal portions
of said discs and being adapted to receive respective pairs
of bifilar-wound conductors thereon and to receive hygro-
scopic coatings of humidity-sensitive resistance material
in contact with said conductors.

8. The structure of claim 7, and a perforated cylin-
drical cover engaged around said discs and base member,
means clamping cne end portion of said cover to said
base member, and an annular cushioning member of re-
silient deformable material clampingly secured between
the other end portion of the cover and the peripheral por-
tion of said second disc.

o
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9. The structure of cliam 7, and a perforated cylin-
drical cover engaged around said discs and base member,
means clamping one end portion of said cover to said base
member, an inturned peripheral flange on the other end
portion of said cover, and an annular cushioning member
of resilient deformable material clampingly secured be-
tween said inturned peripheral flange and the peripheral
portion of said second disc.
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