
'Ihe need for a full--, low cast hmidity 
s e .  has led Hmeywell to develop a tapcit ive 
relative humidity (RH) sensor with resistanoe to 
envirannentaloartmninants .Pae~isusedin 
a bridge circuit to give either a voltage or a 
current artprt. In our ~ l i c a t i m ,  the bridge 
c-t also has a Ixmpxature censor arrl is used 
to serrse th mthalgy of artdoor a i r  for an 
ermanizer maling cycle. 

In recent years, cancenrs akmt efficient 
use of snergy, new data abart har pecple are 
affected by their ernriIammt arrl edvanoements in 
e lec txdc  cmtml technology have wibined to 
gmerate new interest in firdFrgbetterways to 
cmtml irrdocn humidity. lhie need recently 
pm@xd Hmeywell, larg involved in humidity 
-1, toembarkmapmjscttodevelcpa new 
M t y  m. ?he challeqe was to develop a 
met effective seneor that was aaxxate! m e d  
ark3 easy to make. !BE polyiulide capacitive 
hrmcidityEensor*ibedinthispaperwasthe 
result. 

It wasn't larg after the introduction of 
cmtral heat arrl central a i r  cglditionirq that 
a M m  turned to amtrolling th humidity as 
w a l l a e t h e ~ t u r e .  M a n y B t u d i e a ~  
perfanaedtodevelcpaacmfortstandardbasedm 
the mDet canfortable wibinatima of temperature 
ark3 relative humidity. 

ASHRAE Standrurd 55-1981 (1) is m such 
lhie s b d a r d  defines the relative 

humidities that offer a w l e  acmfort a t  a 
range of tenperatures. 'Ihese can be displayed as 
a zcne an a skudad peyduxtmtric chart, as 
dmwn in Fig. 1 (1) . Generally, as the a i r  
teplperature goes up, the aoceptable lMxinum 
d a t i v e  humidity drcps. 'Ihe relative humidity 
rarge in thFs traditional mdd is rather broad, 
hck~ever, so that a t  a space tenperature of 75 F, 
for exanple, relative humidity can be arrywhere 

25 and 65 perCerrt and d l 1  result in 
-1e M o r t .  

Amxntwmmerccmfortetudydoneat  
Honeywell indicated that, in homes with 
mchanical a i r  conditionirg, changes as d l  as 
5 pemerrrt relative humidity can be mtioed, 
particularly a t  higher W levels. 

Also, t h m  appmmtly is a relatiomhip 
betwen relative humidity and the effect of 
varicu~ a i r  ambdnmb an health. A m o m  to 

ASHBdE- 
OPERATIVE TEMPERATURE 

a report in th 1985 ~SHRAE 'rmmactiom (2), the 
cptirmmn relative hrpaidity range for health is 
be- 40 and 60 pemmt. In this zone, living 

like bacteria a~ least active, ard 
the effect6 of respiratory pmblem seen to 
be less awere. See Fig. 2. 
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d a t i v e  hmidity range may be sml.l&than 
indicated bv the traditional temerature vs a i r  
misture &. They also ~ & e  a need for 
closer cmtrol of relative h d d i t y  than has been 
available with traditioml mechanical senso-. 

Fig. 3 Ihe %mfart zaregg may be x m x h  a l e r  
than previaus studies d d  indicate. 

mergy efficiency of an a i r  amlltianirg 
systemcanbeinprcnredbyuseofaneaascmizer 
cycle that uses artdoor a i r  wfierwer possible for 
cmlirg. But the cutdoor a i r  mrst r u t  only be 
cool, it nust be within the desirsd paramtx3rs 
for relative M t y .  Sinoe system that use an 
ecoxdzer cycle are usually ~ c a t s d  
electrcolic &term, the ne* ar-hs for an 
electronic humiditv serrsor. Also, sirce many of 
these -1s are* -led in ;fuctwork w t i k  
they aren't readily available for mairrtenance, 
the sermr nus t  be s t u d y  arrl relatively 
tmublefrw . 

Traditional llE&adcdl humidity sensors 
depend on the f a d  that laany materials are 
h v i c .  A s  humidity bmxes, they absorb 
Ircllstureanlexpard (orlengthen), anlasthe 
humidity drcp, they release m- ard 
mrtract (or shorten). In  a humidity controller, 
this dmracteristic is used to cperata a switch 
that turns the equipnent Cnl anl off. 

Humidity m t m l l e r s  that use the 
dimwsioml m e  of -ic sensors to 
actiMta a switch are still widely used in 
residential a~plications. These humidity 
aontrollers a n  reliable anl trrublefree, but 
onnot be ansidered precision cmtmls because 
of variatiom in materials anl in manufacturing 
t o l e r a ~ e ~ .  In a~plicatiosls like basemmt 
dehumidifiers they prwide adequate control as 
1~asthechosensett irKJkeepsthehumidity 
belcw 660-0 percent FH, whia is a m o l d  
level for mld ard fursjus gmwth. 

A variety of ather sensors have been 
developed for lame amuercial ard industrial 
aFplicatians. m e c d l  sa?sors like alr "Gold 
Gridgg resistive relative humidity se.mor anl the 

~'lkup&xi" self-heating dewpoint m cperate 
from the -ic mapm3e4 of lithim 
chloride. V e r y  sharp resistanw dmngaa within 
uleir cperating rarrge l e d  to precise cprrtrol. 
w, lithim chloride based ssrrsors are 
relatively easily danvlged by expsu-8 to heavy 
a m k s a t i a n  or atmDspheric like 
d u m  d o r i d e .  As a rewilt, electrical seneors 
h a v e b e e n t m o D B t l y a r d n O t n q g e d ~ t o u a e  
in hales ard small oamrercial buildings. 

mectrnnic envimnrvatdl amtrol eysteme 
replire a m r  that is mm aocurate than 
traditional lnechan icd lmrs  anl mm durable 
than the electricdl type. A capacitive sensor 
bestlreetsthese-. 

A capacitive relative humidity m r  ie a 
p i a l  form of a capacitor. It onmist6 of a 
~ ~ i t i v e  film between two electroclee. 
Wenthe electrodee are a m m c t d  in a circuit, 
thecapacitanzchangecanbeusedasaninpltto 
the mntrol systosa. 

After investlgathg a mmbr of 
humidity-8e~sitive polymr films, we u s d  
polyimi.de because it w the mest chenically 
resistant anl becauae it has a writable 
dielectric mqmse to water. In additian, lcng 
~ t o s a t u r a t e d c c a r i i t i a r s d o n o t d e g r a d e  
the film, anl it is not affected by the 
a b m q h r i c  ccntamCMnts usually found in the 
artdoor air irrtake of an a i r  &ti* syrrtan. 

Pdlyimide film is widely used In the 
eleckdcs irrdustry as a dielectric layer, so it 
is readily available in thicknesses suitable for 
car  m r .  

' I h e s e m o r i s f ~ f r a n a B t r i p o f  
polyimide by screen p r h t h q  a layer of a m d w b r  
material an both sides of the film. lhen the 
printed film is heat-, cut to eize anl 
mxlnted i n  a housirg externaZly 
aowssible m e t d l  cmbcb. 'Ihe d t h g  
q c i t i v e  sensor can be mmted an a c w t  
M. Ihe - is ahcwn in Figure 4. - 

w h - l  the relative hlnnidity - 1  the 
pnlyimide film abarke water, - - the 
film's dielectric e. A t  100 
relative humidity, the film has gained 3 

perca t  of its dry weight in water. Betause the 
dielectric a&mt of water is nu& great= than 
the polymer, even d l  anwnta of mo- make 
a substeurtial change. Ihe - i a  of the 

charges fnrm 400 pioofaxads a t  0 
relative humidity ta abart 500 p i o o f h  a t  100 

relative humidity. lIhis amurrt of 8- 
dmqe is ample to cperate a bridge c i m d t  for 
full rarge voltage artprt. 

~ 0 r w a l l c h a n g e e f m m 5 o ~ = = n t 1 1 ~ , ~  
eenem respome is a lmxt  linear. Hclwever, when 
erpxsed to humidities abcnre 90 panzlrt, the 
opaci- * ~ u 3  bemaes -t d i n - ,  
i.nCmsrngfasterthanthein=reaeeinFH.Asthe 
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Fig. 4 The eerrsor mrreiets of the housing, external amtacts and the ply- film. 

mlative humidity dvqx, the smsor can M o p  a 
mall anwnt of hystesegis. Ibmer, as humidity 100 - 
03ntir*lea to dmp belar 50 peroerrt, the respa~ie 

essentially linear again. 
During normal use, the sensor will be 

m t e  to within 2 peroent relative lnddity. 
)laJwer, aa~lzacy claims for the sewor nust be CAPACITANCE 
limited to abcut 5 percent because of its PICOFARADB 

reeporrse to a saturated atxe#mre. When the 
sensor ie expceed for a pmlcrqed pericd to a 
.saturated a-, the capacitance drifts 410- 

elawly for wme time because the film 
takes on SddFticardL water arrd swells beyond its 
nannal mmp. 'Ihen, the dawn m e  has gmater 
-is than mnnal, altlwkqh the sensor 
recwers its initial values after a short tine at 
1- hrnaidity levels. The mqcmse m e  is 
eharn in Fig.  5 and the perfommce 
chmcbsristics are listed in Table 1. 400 

.* 
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'Ihe most inportant characteristic of the 
sensor is its stability urder a variety of 
environmental ~ t i o n s .  m detemhe the 
device's stability, we ocaducted both cycling 
tests and field tests. 

Inthecyclingtests,thesensorartprt 
dmqed by less than 5 perOent relative humidity 
w h m  cycled fran dry to saturation and fnm 0 to 
65 C for periods of up to 10 weks. IXlrW 
c m t h w u s ~ t o 6 5 C a r d t o n e a r  
saturation a t  40 C, $amwhat larger changps w x e  
observed. In every case, the sensor stabilized 
after sareral weeks of exgmxue. 

In the field tests, the sensor was exped 
to the wather a t  sites acmes the United States 
for periods ranging fnm 6 lrvxlths to one year. 
All units m i n e d  fully functional thmqhak 
the test. 

Pese 7 indicate adequate stability 
for the mlrwrments in w h i c h  it w i l l  be used. 

An AC bridge circuit Oonwrts the sensor's 
capacitanoe to a usable cut@. 'Ihe bridge 
c i n u i t  ccnpares the capacitanoe to a refereroe 
capacitor and converts the difference to a DC 
voltage cutprt. 'Ihe c-t is shown in Fig. 6. A 
calibration potenticmeter is used to balance the 
senxr and reference a t  a w i f i c  ani i t ion  such 
as 50 percent relative humidity a t  75 F. Other 
refinwents have been a&led, su& as a feedback 
lccp to stabilize the gain of the artpR 
anplifier and a tarperatwe+mdq bridge leg to 
carperrsate the signal for teltpemtum d.langes. 
'Ihe artprt of the circuit to indicate a range of 
0 to 100 percent xelative lnddi ty  can be 0 to 10 
Vdc, 2 to 10 Vdc, or the mre  menticdrd 4 to 
20 MPdc. 

'Ihe sensor is b e h  used in an mthalpy 
control for air M h q  s p t a m  in small 
amnercM hulldings. m v i d e  enthdlpy 
control, the taptature t3ertaW leg of the 
bridge was given emqh authority to give a 
signal artplt which is related to the m i e n t  
enthalpy rather than the hunidity. An exanple of 
the enthalpy oorrtrollerla re-. is shawn in 
Fig. 7. It is part of a cantrol Byetern that 
m i s t s  of a pawer sqply  ard oontroller, cne or 
two sensors and a daaper actuator rmbr. IXlrhq 
the ecanemizer cycle, the danper is poeitianed 
based on the artprt fnm the smsor(s). 

In the sirgle sensor system, the sensor is 
locatedintheartdoorairintakeduct. 'Ihe 
amtroller is set to an enthdlpy level 
aFproximatirq that of the usual mtum air. 'Ihe 
device has fcur s e t t k ~ ~ ,  as shrwn in Fig. 7. 
When the errthdpy is belaw the setting line shrwn 
in the figure, the aRdoar danper mdulates in 
respmse to a ca l l  for coolhq. When the artQor 
enthdlpy nrcnres abave the setting line, the Qmper 
resets to the minimrm a i r  intake psit ion.  

'Ihe dual mmsor systan is sMlar exceqt 
that a seocad sensor 1-tod in the retum a i r  
duct lmamres the cperating point a r d t i o n  for 
the system. 'Ihe amtroller is set pest the "D' 
psi t ion shrwn in Fig. 7, so that the 
cutside a i r  enthalpy is a t  or belaw the actual 
return air enthalpy, the cukkcr a i r  dauper 
modulates in resptclee to a call for omling. When 
artdoor enthalpy uwes ahme return a i r  enthalpy, 
theclanparresetstothemininurnairintake 
position. 

Fig. 6 C i r cu i t  for an errthdlpy oontroller using the palyimide sensor. 
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Fig. 7 -kchart, &xvinJthe 
rmtrOl settirrgs for the e n t h a l ~  amtroller. 

Ihe senscvr is anrent ly  being evaluated far 
use as a relative humidity sensor in large 
tuilding d t o r h g  8ystahs. 

Also, it is anticipated that the sensor will 
be used in other applications the circuitry 
can be part of the ccPrtmller. 
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