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WEE RANGE ESLECTRECAL HUMIDITY. 

SENSING UNIT 

Cartosa E. Cai Baeiser, Silver Spring, Md., assignor to 
Aranericain isÉFEReat Company, Inc., Silver Spring, 
Mg, 

Application May 15, 1956, Serial No. 585,059 
9 Cairns. (C. 201-63) 

This invention relates to humidity sensing apparatus, 
and more particularly to an electrical humidity-sensing 
unit of the multiple-element type. 
A main object of the invention is to provide a novel 

and improved humidity sensing unit which is simple in 
construction, 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 performance. 
A still further object of the invention is to provide an 

improved wide-range 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 connect 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 i 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 1. The humidity-sensing unit it com 
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prises a circular base 12 of insulating material which is . 
clamped to a conventional female connector 3 of the 
pressure-sealed type, by means of a clamping ring 4 
which is threadedly engaged on the externally threaded 
upper portion 15 of the connector i3 and which is 
formed with an inturned annular clamping flange i6. 
A cylindrical shield member 7 of suitable rigid mate 
rial, such as aluminum alloy, is formed at its lower end 
with an annular outwardly projecting flange 18 which 
engages the peripheral portion of base 2 and is clamped 
thereto by the flange 6 of ring 14. 

Base 2 is formed with a reduced top portion 19 which 
fits within the lower portion of shield 7. 

Base S2 is integrally formed with an upstanding axial 
post member 29 which rises from the center of reduced 
top portion S. integrally formed on the top end of 
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post member 20 is a circular support 2 which is Sub 
stantially the same in diameter as portion 9 and thus 
fits closely inside the rigid shield 17. As shown, Sup 
port 2 is parallel to top portion S. Designated at 22. 
is a second circular support of the same diameter as 
Support 2. 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 
ductors 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 conductors 24, 24 may be 
designed to have its major useful response in a range 
of relative humidities (at a temperature of 80 F.) of 
between 41 and 60%, the element 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 major 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 28 is mounted centrally 
on support 2 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 2 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 23 may be a ther 

mistor of a suitable type, for example, Type L 1215, 
made by Keystone Carbon Co., Saint Marys, 2ennsyl 
vania, having a resistance at 100 F. of about 7,500 
ohms and varying in resistance substantially linearly from 
about 47,000 ohms to about 4,740 ohms over a tem 
perature range from 32 F. to 120° F. 
The connector i3 is provided with suitable terminals, 

for example, the female terminals 29, 30, 31, 32, 33 
and 34. Terminals 32 and 33 are connected together 
and are connected by a suitable conductor 35 passing 
through base 2 and Support 2 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, 39, 439 and 42 are respective com 
pensating resistors which are mounted in the space be 
tween base 12 and support 2. Resistor 41 is electrically 
cennected between conductor 27 and conductor 26. Re 
sistor 36 is electrically connected between coinductor 26. 
and conductor 25. Resistor 33 is electrically connected 
between conductor 25 and conductor 24. Resistor 38 is 
electrically connected between conductor 24 and con 
nector terminal 29, as shown in Figure 5. The resistors 
33, 39, 48 and 43 have suitable values and are intercon 
nected with the humidity-sensitive elements in a manner 
whereby the resistance between terminals 29 and 3; varies 
in a definite and easily measurable manner over a wide 
range of relative humidities which includes and is much 
greater than the useful range available for each of the 
himidity-sensitive elements taken alone. Thus, in the 
typical embodiment of the invention described herein, 
the unit has a useful range of at least between 1 i% and 
60% relative humidity, at a temperature of 80 F., cover 
ing the range between the over useful limit of the element 
comprising the bifidar conductors 27, 27' and the upper 
useful limit cf the element comprising the bifilar conduc 
tors 24, 24. 

in a typical practical embodiment of the invention, the 
following values were used for resistors 33, 39, 48 and 
4: 

Resistor: Value 
36 ----------------------- -----ohms-- 910,000 
59 ----------------------------do---- 225,000 
* ---------------------------- do--- 572,000 

it ------------------------megohms.-- 1.55 

The rigid cylindrical shield 17 is formed between sup 
ports 2i 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 eind the shield 27 is formed with the inturned flange 
.33, and clamped between said flange 63 and the peripheral 
portion of the top surface of circular support 22 is a 
ring merinber 33 of resilient deformable material, such 
as rubber or the like. Ring member 44 is under substan 
tial compression and acts as a dimensional filler between 
flange 43 and Support 22. Said ring member also acts as 
a shock-absorbing means to dampen the transmission of 
shock or vibration forces from shield 37 to the humidity 
Seisitive elements. Further damping of such forces is 
provided by a filling 45 of insulating material, such as 
W2X, cr the like, in the space between support 2 a.d. 
bass 22. The inslilating material $3 is preferably of a 
higi dielectric character and serves to prevent the forma 
ion &f resistance leakage paths across the network re 
sistors 33, 33, 4G and $1, which are embedded in the 

y hateria. Said material also protects the resistors against 
Rhechanical damage, dampens the effects of vibrations cn 
tie resistors, provides thermal insulation for said resistors, 

i acts to seal the joint between the internal threads of 
tie cl: inping ring i? and the external threads on the 
Lipper gortion 5 of connector i3. 

in tise, the unit is is conected to a suitable indicator 
by a hilliiple-conductor cabie having a nale connector 
riating with the female connector 3. he 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 hul 

ty-sensitive network, as exhibited between the termi 
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the foregoing description it will be understood 
various mcdifications within the spirit of the irivea 
may cccur to those skilled in the art. Therefore it 

is intended that no limitations be placed on the inven 
tion except as defined by the scope of the appended claims. 
Wat is claired is: 
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4. 
1. An electrical humidity-Sensing unit comprising a 

base having a pair of terminals, a pair of parallel spaced 
supports mounted on said base, a plurality of rod Innem 
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 
rcd members in contact with the bifilar conductors, said 
bi?ilar conductors and coatings being formed and arranged 
so that the conductors and coatings on the different rod 
rembers define humidity-responsive resistors having dif 
ferent characteristics, means interconnecting said bifidar 
conductors and terminals, an apertired housing Secured 
to Said base and Sirrot: il-liig Said S.p.) Gits, and Tesilient 
means engaged between housing and said Supports. 

2. Ai cactrical h;inidity-serising ::::: contrising 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 theretc., a second Sup 
port, a plurality of parallel rod members of insulating 
material spaced around said supports, said rod in Cimbers 
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 coatings of tinidi Viv M resis (2:2, Ce a 

terial on said rod members in contact with said conduc 
tors, said bifilar conductors and coatings being formed 
and arranged so that the conductors and coatings on the 
different rod nembers define humidity-responsive resistors 
having different characteristics, and illeans electrically 
connecting said conductors to said terrainals. 

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 in turned 
rim at the portion thereof adjacent Said Second Support, 
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 
members of insulating material secured in Spaced parallel 
relation between said supports, respective pairs of bifilar 
wound conductors on Said rod members, and respective 
hygroscopic coatings cf humidity-sensitive resistance ma 
terial on said rod members in contact 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 
relation 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 material 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 member rigidly Secured to said base mem 
ber, a first Support plate Secured to the end of Said post 
member in spaced parallel relation 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 coatings 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 receive 
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 one 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. 

i; 

O 

6 
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 in turned 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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