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BACKGROUND OF THE I NVENTION 5 This invention relates to field
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i nexpensi ve calibration on-site Vi ng
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applications assigned to the assignee of this application, International
10 Pat ent Application Serial No. PCT/US94/ 14957 filed 28 Decenber 1994

-and U. S. Pat ent Application Serl al No. 08/ 175,908, filed Decenber
- 30, 1993, describes the field = BA 3 A THE INVENFTIONor cal i bration
inair flow sensors and one specific deV| ce and techni que. The

preferred f5l ow sensohisige¢ritionredlaesdo fiakikprggragmablecalibrptioatdesises and methods,
described in International Patent Application Serial No. PCT/US94/ 14345
filed 13 15 = ambhesprsticulgapplication to inexpensive gip fawsensondevicespesdingr ol
systens that use airflow sensors are bejng connected to distri but ed
intel | i gence neingspeusivefaly mﬂl%n%tehm Maviag . S“‘M@“}?J BrosessingPpqyvsRasadily or
avai l able to the sensor, is : ﬁnted by a | ocal inexpensive processor, and

t he sensor |tseF‘Pmm“°“51YaV €be | ow cost sensor Accordingly, the

i nvention here allo for rate flo t with | ow.cost
conponents and | ow ¢ H‘BEPER ﬁ%’?sﬁi&%ﬁ‘v‘wr g avsigne o%ﬂnsapprhcatlon, nternational

SURARY T, LR s G55 B DA b1,
Patent Application Serial No. 08/175,908, filed December 30, 1993, describes the field
of art and the need for calibration in air ﬂow sensors and one specific device and
technique. The preferred flow sensor itself and its packaging/mounting set up is
described in International Patent Application Serial No. PCT/US94/14345 filed 13

15 December 1994.
Because building control systems that use airflow sensors are beirig connected to
_ distributed intelligence networks, new problems have arisen. The processing power
available to the sensor is limited by a local inexpensive processor, and the sensor itself

must be low cost sensor. Accordingly, the invention here allows for accurate flow

20 measurement with low-cost components and low computational power processors.

MMARY OF THE INVENTION
This invention allows low cost components to be utilized with individual zone
controllers in buildings with Variable Air Volume (VAV) Heating and Air Conditioning
25 systems without sacrificing sensed accuracy. _
Pressure independent VAV systems require determination of the quantity of air
into the space (cfm which is fpm.duct area) as a control variable and to ensure certain
air quality standards, including temperature, are being met. The sensing system is |

comprised of a mechanical pick-up assembly (11), interconnection tubing (1,2) and a



controllers in buildings with Variable Air Volunme (VAV) Heating and Air
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generate accurate nmeasurenent of air flow yet

non-linear trpesédhputativial powerptoceskors einteractasith e abovedmeatsedifivay al | ows
5 | ow conput ati onal power processors to interact with the above

ment i oned f| osgnversion systepmdprovide asyurate Teatinpspwithout eequiring @iténsiveardalntiific

W thout requiring extensive real tine cal cul ati ons. _

I n the factorgaleulatioms] nunber of air pressure values are presented to the
devi ce wi th the correspondi ng converted (i.e., digital

represent ations of jn thafapteryrassmalhaumber of gir-pressare values are: presenteditothe defices
data (shown. g‘(rggﬁ)hi cally 5a) contains non-linearity inforpmmtion

from t he senswithherosrespensdingconveriedthsidigital renyesentations.ef) yglues retained in non-
conver si on. Thesge Vv are seﬁit%ﬁo a large progessor that uses ‘
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These vélues are sent to a large processor that uses them and the values for the
pickup/duct size curve (shown 'gl_'aphically 5b) and maihematically cdmbiﬁes themintoa -
system lihearization curve (shown graphically 5¢). These values are downloaded into
15 nonvolatile memory and retained over the life of the product (The mathematical
‘combining process may be done on-site if desired).
Additionally the actual transfer function of the pickup assembly may be different
than the ideal due to turbulence-induced noise that may exist at the pickup assembly.
The turbulence is caused by bends in the supply and/or exhaust duct work and is |
20 -entirely site dependent. Therefore, a site commissioning proéess-may be performed with
actual test conditions to normalize the flow response regarding these effects. The
correction for turbulence is typically conducted at minimal and maximum flow
condition for the particular duct size. A third calibration point is provided to correct any
* null drift (at zero flow) associated with the sensor. This normalization set is stored in
25 memory and is handled as an offset to the ideal linearized transfer function.
With this kind of reliable air flow data coming from every flow sensor in the
HVAC or VAV system, reliable and enhanced ventilation control can be maintained. A
competitive advantage is obtained when this system is utilized by the fact each sensing

node can utilize less expensive non-linear sensors and less expensive processors.



15 nonvol atil e nmenory and retained over the life of the product (The

mat hemat i Cayo 96/02811- CONbi ni ng process nay be done on-site ipcflBsdsionso
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third calibration point is provided to correct any null drift (at
zero fl ow) assodcdatibededdipfnll he sensor. This nornalization set - |s stored in
25 menory and is handled as an offset to the ideal linearized transfer
function. = 5 Fig. 2 is/ flowtdiagrathiof theodtepscimployed inithe preferredambodimentf
fromevery flow sensor in the HVAC or VAV system reliable and
enhanced vent i | ghisanventionr ol can be nmintai ned. A conpetitive
advantage is obtained when this systemis utilized by the fact each sensing
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PCT/ US95/ 08891 ° Fxg 4 is a detailed flow diagram of another portion of Fig. 2. _3 _

BRI EF DESCRI PTI ON O: EO{?)R%W Fi g 1 is a block diagram
of the flow of i nf or grrfﬁgaﬁeﬁ&metmgtsar r flo duct / sensor

to the contlé devi ces t hat operate because of the- vaI ues read fromthe

cal i brat ed’si gnal . Fig. 2 is a flowdiagram of the steps

enpl oyed in the preferred e ----;;

This invention allows for low cost compensation for pickup device nonlinearity,
sensor nenlinearity, and nonlinearity introduced by silicon based electronics.
‘The sensor pickup device itself 11, situated appropriately ixr_the air duct 12 to
15 - m’easure the flow of passing air F to control the damper D forms the basis of the system
10 by which the measure of air flow may be used as one of ﬁle parameters in
- determining and controlling the amount of air flow and ultimately room temperature.
The preferred embodiment was designed with a particular flow sensor in mind but this
invention can be used with nearly any flow or pressure sensor of appropriate sensitivity
20 and output. ' _
More particularly how the system works is first described with reference to Fig.
1. Because the pickup device 11 locally restricts the air flow in the duct, there is an air
pressure drop across the pickup device. Hoses 1 and 2 transfer the up and down stream
air pressures to a low cost pressure/flow sensor 17. The relationship between the air
25 flow and the pressure differential is non linear. Typically the pressure is a nearly a
- square root function of the air flow velocity rather than a linear relationship. The
manufacturer of the pickdp device commonly furnishes curves reldﬁng air flow and

pressure drop, so no experimentation is needed. If one were to design his own pickup



Fig. 3is a detailed flow diagramof a portion of Fig. 2.
Fig. 4 iwoosagai | ed fl ow di agram of anot her portion of Fi gcrasesossol

Figs. 5a, 5b and 5c are curve plots. 10 -4- DETAI LED
DESCRI PTI ON OF THE | NVENTI ON This invention allows for | ow
cost conpensation for pickup device nonlinearity, " sensor

nonl i nearity, (¥ ' ' St I roni £s.
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controlling the amount of air flow and ultimtely roomtenperature.
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but this I nvention can be used with nearly any flow or pressure
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PCT/ US95/ 0889 accord with the remainder of the description of this device that generates a control

signal responsive thereto.

The controller 27 employs knowledge of the user desired setpoint (flow and’

temperature) together with the output 16 indicating the amount of air flow (preferably in

15  feet per minute) to produce a.control signal to send on line 15 (which-may be any |
appropriate communication pathway) to actuator 13 so as to cb:_itrol the positioning of
damper D. The controllgr may also be connected to a user interface and data logging
device UID via communications path 15a, to keep the user informed of system
operations..

20 In any event, system 10 uses the resulting velocity (preferably expressed as a
feet per minute or fpm) signal value on line 16 to generate signals to actuate the damper
(via line 15) and/or to report data out (via line 15a) to User Interface and Data logs).

| The pickup device 11 has two attached pressure hoses 1 and 2 which are

connécted to provide a flow of air across the flow sensor 17. -Thei)ositioning of the

25  hoses facing into and out of the air sfream flow F to get a good representation of the
flow is well known in the art. The flow seﬁsor itself in the preferred embodiment is a
micromachined silicon-based bridge structure which generally supports a wheatstone
bridge configuration of resistors exposed to the flow of air in a predetermined pattern in

an arrangement which has come to be well known in the art. The sensor converts the



-4 - device such a relationship curve as shown in Figure 5 could

easily be dg¢ysmeed by those skilled in the art. PCT/US95/08891
The controller notor and actuator assenblage 13 is operated in response to
a signal which is derived fromcontroft "al gorithm contai ning
control system 27 and sent by 5 system 27 across line 15 in order to
actuate the d_arrp tri but ed
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har dwar e. or sone ngaNhleRAt (A%, e ﬂwkaxseppminbters vary greaﬂyrfaﬁi ki Rfurkty bdcdEse of
or di nary practitioner of this art. For exanple, it could be a duly 10

organi zed col | ecimaufaturitigapleraites; dlmsmlyaising the preférsddfor b€onopsi miadBridge type
si gnal s generated I n accor h the remainder of the description

of this devisce t bedsoggnerates a control signal responsive thereto.
The controller 27 enpl oys know edge of the user desired setpoint (flow and
t enper at ure) toget her Avramberaf diffencot flawe semsor bridgasgvitthinpunandrautpft hases drl ow
(preferably in 15 feet per m nut e) to produce a _control signal to send
‘on |ine 15 (whi clonnegtdys taskgses are presentl Jap?mmml@lbea\@dnhlerftmth ioseSwiteh) to

actuator 13 so as to control the _positionin nper D. The

control | er may altvisisa cidtansywel e Eorthepre %@ﬂ'@r%‘ﬁ?ﬁ? (ﬁéhlamvegtjmngle output
0 T S S e 1
lxz 33;&% ff)g?; b ensraARn eata BiosR opamn,t8. uiebioHE in bk piktened eriBodipmgndlt®
pata iogsy < asbulRR%b indbBdel shulthébas SHudt b A4 ﬁ%ﬁ ¢ Qp @é@%@&&ﬁﬁ@%ﬁw is

hoses 1 and 2 whigclipeg by International Patent Application No. PCT/US94/14957 filed December 28,
| 1994; however, those of ordinary skill in the art can use potentiometer adjustments or
laser trimming, or other adjustment schemes to adjust gain and offset as desired.

15 Referring back to Fig. 1, the function of amplifier block 18 is described. The
implementation of this amplifier block may preferably be accomplished using an
application specific integrated circuit (ASIC) in which the silicon device required to
implement the amplifier can cause some non-linearity. A multiplexor switch 23 selects
one analog voltage value at a time to be converted to a digital count value. The control

20 logic 27 causes the multiplexor switch to connect the analog to digital converter, 28, to
one of the analog inputs 22a; 24 or 25. Since the analog to digital converter 28 may also
be preferably implemented as part of an application specific integrated circuit, some of
its characteristics may also be slightly non-linear. The digital count values outputs from
the digital to analog converter may be stored in memory related to or part of a

25 microprocessor [nof shown separately, but included in box 27]. Analog to digital

~ conversion of the flow sensor amplifier output and calibration voltage are repeated
petiodically since the air flow may change due to changes in damper position, changes

in the air supply source pressure, and so forth.
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on of Fﬁ{iﬂ&,‘ the Gir VRIS sighal EFPMPE OuBRA on THE 16 to the controller 27.

Refer first to Fig. 2 in which the abbreviated flow diagram 40 is shown,

consisting of the steps of factory calibration 41, installation at the site 42, measurement

at the site and storage of curve correction data 43, and final setup for runtime 44 to

- 20

25

achieve the ready state 45. The steps 41 and/or 42 include a curve generating and
storage of lookup table précedure that employs a substantial processor which is external
to the installed device. In the preferred embodiment it is done in a program called
CARE™ (Honeywell Inc.) that is a software toolrunona generél purpose computer
which calculates the linearization table based on the input the user gives it. This is
explainéd in more detail later, but it is important to note here that this curve and table
generation can occur either at the factory or in the field (at the installation site).

Fig 3 describes the calibration and linearization processes which, as was

described in the last paragraph, are between steps 41 land 42. The sensor and related

~ electronics are first connected to power and communications in step 410. In step 412 if

calibration of gain and offset was not already done, it is done by whatever method is
suitable to the source and application. Then, the preferred embodiment substeps to 414

calibrate the analog inputs 17a and 17b, and save the necessary parameters in network



iﬁplenentation of this anmplifier block may preferably be acconplished using

an WRASI0R8Kt i on specific integrated circuit (ASIC) i nPGHUEISO8EU
silicon device required to i npl ement-1he anplifier can cause sone
non-linearity. A nultiplexor swtch 23 selects - one anal og vol t age

.value at a tine to be converted to a digital count value. The control 20

| ogi ¢ 27 causes uirgablehvical @aoed VEERROM) aeogineis folloewsn alpply pewetitg ithicanit
converter, 28, to one .of the-analog inputs 22a, 24 or 25. Since
the anal og to di ghdexitest and eorinect @Binrfagtotyt ester to the commivipicptiesisspoatisy the preferred
i npl emented as part of an application specific integrated circuit, some of
its characteri st fmbodimenta Eoniorks pehaveilablg and trademarkrfremdiEchelon). Estgblish

val ues outputs from . Iﬂe digital, to anal og converter may be stored
in menory rel at eeomBuicatigns with the disgnosticspetwerk vgighles in the snitugndegest on the
separately, but [nc ed in hox 27]. Analog to digital . conveysion
of "the. {1 swSaensbPAURSES petpTio TS feauifes & Slerkeidipihe Retongid apd dnbBiRE(Hd

"periodically since.the air £l ow may change due ta _changes.i r
position, changetading, precon ﬂmﬁg@r%u@gﬁQ#‘gg{lfrlgggﬁf%§§d?§&§@&50 forth.
\Igngg ?J/SggjgééSQ 1 Now the unit is ready for determination of calibration data by meaps of actually

The output from .Hia‘aﬁggﬂr'é{sws t@gﬁov&éeds rér‘&eégtmﬁéatlomfa Siglggllz.ﬁgﬁer@e%m e

l'i ne 22a. I pl exor as other control 1npu erenc

vol tage 25. The ging, Gigure 1) isﬁimskheﬁféftﬁsfk foP Bath pré¥sute dppliedtd the REREH CEREn

by the control logic - I'ne 26 may, oOf course, be nultiple lines
dependi ng qg t he@WakieR gt Wers fiallisBotilad b 8tbred indEEPROM or other séhifi-petthatiént Of
the mul tipl exor 23 goes to a A/D converter device 28. This devicCe

produces bot h r efehRie ¢iatithvedevagiabletrty_edld I biher sordsahe flowisagsdr aonlivarity is to
across |lines 28a and 28b, respectively. The flow sensor counts are
corrected via rebemeasuzedaid stogred. For this the preferred embodiment uses three pressures, none,

one inch of water and two inches of water, thus:

Send nv_cal to the unit under test with:
15 .
' si_flow_sen_volts_s12[ 0 ) = voltage measured at zero inches of water
si_flow_sen_volts_s12[ 1 ] = voltage measured at one inch of water
si_flow_sen_volts_s12[ 2 J = voltage measure at two inches of water
si_flow_sen_in_s12[ 0 J = (one inch of water)
20 si_flow_sen_in_s12{ 1 }= (two inches of water)

THESE ARE THE POINTS 70 on figure 5a. They are saved in EEPROM at
locations names nv_cal. (Zero inches of water is not included because it's understood to
be zero always.)

25 - Thus Steps 415 is accomplished aﬁd the unit is ready for totai "system

linearization". |
" First the relationship between preséure drop and air flow must be established.

As stated before it is common for the manufacturer of an air flow device to provide this
data, or it can be established through testing if needed. This is commonly called a

30 pickup relationship. | | |

' The recommencied steps. to linearize the flow sensor and save the necessary

parameters in network variable ﬁv_ﬂowl_’_volts and nv_flow1_fpm (stored in

EEPROM) are given as follows: (The appendix has a detailed GWBASIC program that



correction device 29, producing an output on 29a of a voltage level. This -

| evel | swo9602811 |inearized (as described in detail | aterpCre$ssgsise
| inearization table 30 producing a feet 1G_. per mnute representative
signal 31 which nmust still be corrected (as described in detail

later) by the three (in the preferred enbodinent) field correction

cal i bration pgji@fisteSthe linearization curve from e ites stdrbirPhy cHEARIGhE Yalshigeeal
(FPM is output on line 16 to the controller 27. ~— THE PROCESS FOR

PREPARI NG THEpiSRiSpl &€ PRhe/daders may of course vary thBclesign td isit thef? sstem. 2 i n

whi ch the abbreviated flow diagram40 is shown, 15 consi sting of the
steps of factory cdli br Rirstncohhectionshasitd be nmade & thehmitaintler #&, then applyeqosver
at the site and storage of curve correction data 43, and final setup for
runtime 44 to tocthe amis under testand connace thefield hnit or thefactarytasteneithep
i ncl ude a curve generating and . . Storage of |ookup table procedure
that enpbfoys a subst ant Phwhishdas thedinegrization; programdorthe unit's communicgtienseport.
installed device. In the preferred enbodinment .it..is done in pr.ogr am

called 20  CARE (Hongmémh q%m)lmemﬂnswgﬂhthemsmmmtr@wr Yarighjegin the

based on tho i nput the Baibpnd et opthe hoonks iehvond. Thisseliiradfierhiore
Generati on can occur e PHERSRTige e BB REyR & pdkpg b oy teing e ' ©
near i 2at on'pr oces sesHTRYINESE Y g8 SRR HIRIIRFRIRONT " *¢ o
~paragrap, are betyeen éﬁﬁﬂﬁtﬁ%ﬂﬁ%ﬁ@-m@%f@gﬁ%ﬁ%ﬁlﬁh%ﬁ%m&lepprzsisgfe e

el ectronics are fi rst connect to power an nicatirohs 1n ste

step 412 if Cah}o?’ @bds8 thefiow dérboR (IcHs Iof WatetPPerd@ airflow ddibcitgne. -
it is done by whatever nethod is suitable to the source and
application. Then, the (ﬁ&fpﬁ'hﬁﬂut@m&dhﬂpi&kudﬁuiﬁﬁﬁaﬁuér@sﬂﬂﬁy equations relating
calibrate the analog inputs 17a and 17b, "and save the necessary paraneters
i n network WO 96/ OpRkilp pressure drop to air flow(2a). Others may provide a curve based
PCT/ US95/ 08891

on measured values(2b).
15 2a.  Calculate the pickup relationship. For example, some manufactures
~ specify a square root relationship between flow a_nd pressure drbp: CFM
=K* SQR(P)
where:
CFM is the flow in cubic feet per minute
20 | K has various values for different duct siies
P is the pressure drop in inches of water
This can be converted to VEL =K * SQR(P) / AREA, which is a
mathematical representation of curve in Figure 5b.
where: |
' 25. | ' VEL is the ﬂov\} in cubic feet per minute
K has various values for diﬁ"efent duct sizes
AREA is the duct area in square feet |

P is the pressure drop in inches of water



-7- vari able nv_cal (saved in EEPROV) are given as follows: Apply
power to thwousslobsil under test and connect an i n-fact oPgT/USIS08891t O

t he conmmuni cations port (in the preferred enbodi ment a LonWr ks
port, available and trademark from Echel on). Establish

comuni cations with the diagnostics network variables in the unit under

test on the 5 LonWor i i

neuroni d and knowi ng (by lﬁyﬂﬁﬁg\@%@%%ﬁg?w ecgﬁl??g ring o d?térp?cﬁﬁeVEL(n),
network image saved in EEPRGllbe calculated. It is recommyied figat fok thost varigHle Mirvetume
determ nation of calibration data by nmeans of actually i nputting
pressures to the flow sensaystemsdsspdinie®e calcalatedzt Ptn)s10,60.0)25, Dl025, 0.08, 0.10,
vol t age at 29a (Figure 1) is read via the network for each
pressure applied to the ser(s2f,. 0.40,dh80, 1050 andt2:60 inghesaof wdtert Byesnacmgaliepressure
shoul d be stored in EEPROM or ot her semn -pernmanent Vi a

networ k varisabl e nv_cal . IWabteﬁélosmﬂle[fmtmméﬁﬂmﬂraﬂmﬂmmmWldeif@bthe
be neasured and stored. For this the preferred enbodinent uses three
pressures, none, | darsevnbns,dhehmaazawrpmsmerbemwm@psmﬁa@
Send nv_cal to the unit under, test wth:

si_flow sen_volts 512[01 :m@w&g@vmme@ah&%haf@r%eatﬂamefafwlvﬂues
si_flow sen _volts_s12 =.vol t ne.i.nch of wa

STt owsenTvol 1 s 1o128] - Nimald SnlhE B Ricr YelpgoRshimc Eor fasgiire the pickup
si_flow sen_in_s12[0] (one nch

2
si_flow sen_in_s12[1] (two quﬁvghggbggn%%érga%ﬂm?enpomts should be eqt'g'ggén%llqcl_g

v oa (2o’ | Bohes o va ke bEIBISH. aft GERENbeLonseupaion, TREBLIROGERSER

be zero always.) 25 TR Ilshed and the
unit is ready for total S)}’(;[l)descr-f eﬁ&a?nearl zat| ongﬁ%

First the relati-onship bet \/ﬁﬁﬁr%ﬁgqybgbp{egﬂtﬁﬁ%@é&vé FRrditst be
est abl i shed. As stated before it is common for the manufacturer of

an air flow device to3proviGicilite $inearization curve from nv_cal and pickup curve using the

following formulas: |
15 First, calculate the coefficients for the La Grange interpolation
polynomial for the sensor curve using (La Grange interpolation.is a well
known method):
RO = YO0/ ((X0 - X1) * (X0 - X2))
R1 =Y1/((X1 - X0) * (X1 - X2))
20 R2=Y2/((X2- X0) * (X2 - X))
CO=RO*X1*X2+R1*X0*X2+R2*X0*Xl
cl =;R0* (X1+X2)-R1* (X0 +X2)-R2 * (X0+X1I)
C2=RO+RI1+R2
where:
25 - | X0=0
X1 =nv_calsi_flow_sen_in_s12[0]) -
X2=nv_calsi_flow_sen_in s12{1])
: Yb = nV_cal.si_ﬁow_sen_vblts_le[ oD

© Y1=nv_calsi_flow_sen_volts_s12[11])



data, or it can be established through testing if needed. This is comonly
cal | ed awo36r02811 pi ckup rel ati onshi p. ' ThepcrrUsSHSHBsded
steps to linearize the flow sensor and sayggpthe necessary

paranmeters in network variable nv_flow volts and.-nv_fow fpm(stored in
EEPROM). are given as follows: (The appendi x has a detail ed GABASI C program

t hat WD 96/ 02811 .
. = si_fl :
PCT/ US95/ 08891 Y2 =nv_cal.si_flow_sen_volts_s12[ 2 ]) -8 -
cal cul ates the |inearizati ongg)\sd B2 aRHdniiaty Hef@susSt Ored in nvcal and the
cal cul at ed pi ckup curve.) The readers may of course vary the

design .to suit their system co,ci,andC2 are second order bolynomiallcbefiRfent®d CONnecti on has
to be nade to the unit under test, then apply power

to the unit under test Secbndoealcwlatetthepsintsian thelineasizatibrecyrye using: t est er

ei t her 5 of which has the linearization programto the
unit's cénmmuni cations port. VOLTS(m)=CO0+Cl1*P@m)+C2*Pm)*2Est abl i sh communi cati ons
wi th the diagnostics network variables_ in uni t

th . .
under test on the LonWrks n@‘f‘“ﬂ’r!ﬁaWﬁ’nﬁ%‘ifgm&seﬁmﬂ%%ﬁ&“ﬁ?s%
servi ce nessage for the _neuronid and know ng (by reading, pre-
configuring or witing) WDEEE: net wor k| mage saved in EEPROM 10
2. Cal cul ate or manually enter the pickup rel ationship between the
pressure P(")“ﬁ?%?ﬁ'"‘éﬂw*’ﬁ-ﬂ‘“?m‘?éﬁ@& (i nches of

water) versus air flow vel oc egmrp nute).

¥ : A f
SprrE pi ckup manufacturers s ué@?"ﬁ&'ﬁs‘f PoBf@lopgtietpgesicgtion °“"§° °‘(‘a$£ voltzg ¢
pi ckup ppessugs.d I8 g@:@gng HR W izarfionl il (Wihe REREIIBx aFcﬁ%dgﬁaﬁl_@@ 28

on neasured val ue culate t'he pic
: relationship.VEg?vgxanple, sonme manuf actures . - specify
a square root relationship between flow and pressure drop: CFM

4, Download the revised nv_flow1_volts and nv_flowl_fpm to the node
under test using gﬁplicitly addressed network variables. Where: |
nv_flowi_volts.si_12[ n ] = VOLTS(n )

15 and

nv_flow1_fpm.si_s3[n]=VEL(n) |
Note that nv_flow1_volts and nv_flowl_fpm are the names of the
locations in EEPROM that store the curve, and are points 72 on the curve
in Figure 5C. - - :

20 In all cases a Scaling factor should be used to shift the binary point. We use only
16 bit numbers to represent voltages or fpm and need to scale them by shifting the
binary point to the left 12 for voltage and 3 for fpm. Use of 16 bit numbers and not |
using floating point numbers is the preferred method of using low processing power
Processors, 5ut the reader may select others if desired.

25 Reference should now be made to Figs. 5a, 5b, and 5c, illustrates how the sensor
curve (reconstructed from the three points saved during factory test), is combined with
the pickup curve into a linearization curve. InFig 5a the three measur_ed ﬁoints at zero,
one and two inches of water pressure are illustrated as boxes 70 on curve 67. in this

curve and in curve 68 of Fig. 5b the points (70,71) that make up the curve are the



= Kk SQR( P) wher e:

CFM i s t he wiomsroesuicubi c feet per mnute 20 PCT/US95/08891K
has various values for different duct sizes _y;. I
is the pressure drop in inches of water : Thi s can be

converted to VEL = K * SQR(P) / AREA, which is a - :
mat hemati cal repegsaRifbd %tﬂ;nsﬁ*ﬂrb\éﬁn%ﬁ?dgzﬂ?%g& ?fessure, ie. r%lat.(i:n% volts of sensor

vv_here: 25 _ -flTow I'n cubi eet per

m nut e output to inches of water. The MQ§F§VSQE Senédt V8IEs 4rdlin ig.f59i6 Vélocity
duct sizes : A I's the duct area inh square
feet - (preferably fpm). In accord with thelsteps pugined o tHe dufive 6LOERiIg St is

wat er "~ WD 96/ 02811 _

PCT/ US95/ 08891 generated through points 72. The curve plots velocity vs. sensor volts. - 9-

By using a standard set of pressure drops an array of ten points, VEL(n),
can be cal cdl at eHIELD CALIBRATIONded that for nost variable air vol ume
systenms the points be calculated at P(n) = 0, 0.0125, 0.025, 0,05, O0.10,
0.20,. 0.40, 0.80, 1. &efuriog o Bz 4.nthastersf2 aad 43 fromyFigphare sypleined in grester e
5 .. values close taogether fg[ the small values and | |
spaci ng t hem wi dégtaflo Agajnethe device must be connected in placg, goyeredin and compgunications

| i neari zation process. WL _ bg nore accurate sincg,the " :
bl Ckup. curve. chaPaanrd #20: Fpfhe vl S pIabeaifsrs Merual Mioden 2t then o flow
2. Wanual 1y ep grit B pBlifihB ASAa s SRlirba Wit n® RS nl RS Ser'dh SRk 2 ow

10 control device set at no flow, minimal flow and maximal flow 422. The valugs are then

downloaded 424 to account for flow drift and flow sensor error due to duct geometry.
The recommended procedure is given in detail as follows:
1. Conhection. -Apply power to the unit under test and connect CARE to
the LonWorks port. Establish communications with the diagnbstics
15 network variables in the unit under test on the LonWorks network. This
| requires a query_id or a service message for the neuron_id and knowing
(by reading) the network image saved in EEPROM.
2. Cause the node to go into manual mode by sending apﬁropriate neiwork
variable values for each case given below. Measure the flow at three
20 points with appropriate instrumentation.
3.  Zero flow. First close the damper.
After the damper has fully closed, set measured apparent zero to
nv_sensor.si_flowl_fmpa_s3 (to be down loaded later to nv_flowl1_cal).
4, Minimum flow. Set the damper to a position to minimum flow by
25 "manually" adjusting the damper position (by sending the network
| variable w1th appropriate values) until the measured rﬁinimum flow is

achieved.

- actual_min_flow = measured flow (in cfm)/



curve can be neasured, the ten points should be entered manually for 10

each pi cwoumsnegpe and duct size or configuration. The poi NnPEeTNEY/08891
P(n) describe the pickup curve characteri st

Either step 2 (a or b) results in the curve |gure 5b. 3.
Cal cul ate linearizati on curve fromnv_cal and pickup curve using the

foll ow ng fornulas: First, calculate the
coefficients for the La %a%%neﬁglsrlﬂ%urm arat'|5102 :

pol ynom al for the sensogpparny ninSlow < ne @h@éﬁ‘i’ ﬂdwlar azion is a well
known net hod) YO/ ((XO - X1)- * (X0 -
X2)) _ Nore nv_sensor and nv_configean be bbk@d to g60rhe valuth whthQhé acta&)
R2 = Y2 /((X2 - X0) * (X2 - X1)) =RO* X1 *
X2+R1* X0* X2+R2‘l‘o)(&)is)bkmg measured _ : ~ Cl =-RO * (Xl + X2)
-RL * (X0 + X2) - R2 *(X0 + X1) C2=RO+R1+R2
where: 2% Use the values actual_mdn flow and apparent min_flow later when

X1= nv_cal S|flovvsen in sl2[ OaJ X2 = nv
cal . siflowsen in sl 2[1])downloading nv_flowl_cal. - YO

nv_calLsi _flow son volts

B s12] 0
=nv_cal .si _flow_ ser§ vol tgdlaz_é@i:é]ﬂpw Set tlwsl@g;e@ggggosmonto maxlmum ﬂow by
PCT/ US95/ 08891  "manually" adjusting the damper position (by sending the network

variable appropriate values) until the measured maximum flow is

10 : achieved. ‘ _
Then:

actual_max_flow = measured flow/

nv__conﬁg.si_-duct__area_slz)

apparent_max_flow = nv_sensor.si_flowl_fpma_s3 .
15 Note: nv_sensor and nv_config can be pblled to get the values while the actual

flow is being measured | |
' Use the values actual_max_flow and apparent_max_flow later when
downloading nv_flow1_cal. |
6. Download nv_flow1_cal to the node with the following values:

20 _ " nv_flow]_calsi_apparent_zero,_s3 = measured_apparent_zero (scaled)
nv_flowl_calsi_apparent_min_s3 = apparent_min_flow (scaled)
nv_flow!_cal.si_actual_min_s3 = actual_min_flow (scaled)
nv_flow1_cal.si_apparent_max_s3 = apparent_max_flow (scaled)
nv_ﬂowl_cal.si_#ctual_max_‘sz = actual_max_flow (scaled)

25 - Note that nv_ﬂoWl_cal is the name of the locations in EEPROM where

the correction values are stored in the preferred embodiment.
GENERAL COMMENTS

The preferred embodiment next performs three processing steps. A Neuron (a

registered trademark of Echelon Corp.) microprocessor is currently employed by the



Y2 = nvcal . si fl owsenvolts s 12[ ]) RO. RI,

and R2 are wu sy ate coefficients PCT/US95/088510,
C, and C2 are second order polynom al coeffigikents
Second, calculate the points on the linearization curve using: 5

VC]__TS(_n)-CO+C| _cP(n)+CZ*P(_n)"2, _ , .
which is a mathegpld ed] e ERdifRAbebIR QBY%& &Haé?ged?ﬁgu%%ilnﬁ control systems busses.

wher e: t's on € pressure.

curve from step 2eah@iPother microprocessors may be em?loyed where they\4rk de¥ifleddhfd thbe
poi nts along the linedrization curve on the voltage axis. ~ 10 Not e: The

poi nts al ong t hephildipg, butdhé famindihgOuili a0 e YEbO Sppryprintély niddified NASLAEBE deen,
VEL(n). 8 pog Eﬁﬂi Downl g%ﬁé l'?he ?evi sed

q

nv_flow vol ts antheprofenmiming steps atewot diffieult and undue experimentation will notubedrequired

test using explicitly addressed network variables. Were:

nv_flow volsts. sio apfly the progidBisTithis Hisclosure. These steps are repeated perodically (typically

nvflow _ pmsi-s3[ n = VEL( n ) Not e t hat

nv_flow vol ts andnesa sesphdgsrindicated helowanes of t he a : |

| ocations in EEPROM that store the curve, and are points 72 on the curve

in Figure 5C. 20 1. The refepenge voltagedigital counts aud theflayy sanser digitelcoyntsd

to shift the binary point. W use onql A 16 bit_nunbers to represent

vol tages or fpm and need t @I%%P'ém?g@%ﬁwaé‘ﬁ?“x torfgreeptfor some analogapqégggl

point to the left 12 for voltage and 3 for .ft[lom éklse of 1f pit nunbers a

not . ~ using floating°B PATEMSET yapiatqns ?P&F‘gr‘?’gb_%qﬁﬁﬁ"’ﬁ?mﬁ?} g

ow processing power oo BLACESPR! Suonthlh o Mial SRLSLneiHInS Rlciiabe BLASES
which represents the amplifier output voltage.

2. This voltage number signal is passed through a linearization process
based on a linearization table. The table is constructed for each
individual sensor device [units 17, 18,and 28, of Fig.1) based on

- 15 | measurements made during the factory calibration procedure and based
on the pickup device curve. The output of the linearization process is the
air flow (in feet per minute) before field correction. -

3. Next, the calculated air flow is further corrected for the effects of
turbulence after the unit is installed at the site by the field correction

20 using a field correction table. This corrected value is used by the control
algorithm for control of the air flow via a damper, for data logging, and
for display by a user interface.

The processor is programmed in Neuron-C (the language for the Echelon Corp.

Neuron chip). In the Appendix is source code detailing preferred embodiment

25 processing steps. In addition the EEPROM storage of the calibration table (nv_cal),
linearization table (nv_flowl_volts and nv_flowl_fpm), and field correction table
(nv_flow1_cal) are included.

The processes are either standard processes that have been used in variable air

volume (VAV) controllers in the past such as in the Honeywell R7453 series of VAV



25 Ref erence shoul d now be nade to Figs. 5a, 5b, and 5c,

I |1 ustrapasedigit he sensor curve (reconstructed f pegnisbsodsti ee
poi nts saved during factory test), is conbllrled W th t he pi ckup
curve into a linearization curve. In Fig 5a the three measured points at
zero, one and two inches of water pressure are illustrated as

boxes 70 on c 3°¥§‘}1?%%a ﬂt 1l .s§ tech{nﬁues do fiot" té’fchﬁ%%zef&mp%%td%?é { Fimettdd

the points (7 e curve are

PCT/ US95/ 08891, Falculann%a lmganzatlon tabl toc ensactilon for nonlinearities, and
extrapol ated relations et ween ve omtf and pressure, i1.e. relating

volts of sens@pmbination of afy'phék art sppeafshs §h6\§/ M@E&hpre]i@n%l% &)fhﬁenbé’tm%' saherﬁél

is sensor volts and in Fig. 5b is velocit (preferably fpm.

accord with the st aﬁ&ddmbh umaaﬂfaawe@plthgeﬁomrtheoﬁ&hxpfrefar@cées m@asured and
generated through points 72. The curve plots velocity vs. sensor volts. 5
FI ELD CALlsl BRAStored as "nv_cal" in the factorfRetestingi procedurer-i Thislis, donbso yoktgge 42 and 43
fromFig 2 are explained in greater detail. Again the device nust
be connect ed mmmpwmmommm comenterh Thaa tapnidut converted tosdightali shed
420. Here the unit is placed into.a "Minual Mde" 421. then the flow _
through the péeformatimm aa@og@mabvmmwﬁmmmmpr@@ﬁhmbmmmbw .ot her
air flow 10 = _control deV| ce et at_no_f m nimal fl ow and maxi nal

fl ow 422. The soRwaregracess that simu atesanR&oﬁ#ﬁfg’s Hepprating enydigitalovaliess oThq‘fllQm

L S e sl i S GBI o
PPELY PO ks Safup Feadpl e KRV ariefi e £ &PF%P?E?MF;@H&@ withits;
Pii,ﬁ‘.’ﬁ Esvgr hﬁg{?\?gspaﬂdﬁ’gg’a‘s“%? %tlogégjﬁessaglé P‘ﬁTé‘neur AD bl Rictaiohdafd

The flow sensor voltage is linearized and converted to feet per minute (or other
desirable measure of flow speed) by applying a linearization curve stored in memory
15 (nv_flowl_volts and nv_flowl_fpm). Between stored curve points, linear interpolation
- is used; The linearizatioﬁ curve is loaded into memory using a CARE tool. The curve
is calculated by the CARE tool and takes into account the sensor variations (n\)_cal) and
the pickup device curve (which is unique for each model and duct size). The pickup
device curve may be entered into the CARE tool manually or may be recalled from a
20 . library of pickup curves. |
" The invehtion is not taken to be limifed except as set forth in the following

claims.



(by reading) the network i mage saved in EEPROM

t he node t awg@os/03810 nanual

2.

Cause
node by sendi ng appropriate networHCT/US95/08891

i.e. si_flow_input_filter_value_sé identifies the

integer with a scaling of six bits behind the binary point.

SUBSTITUTE SHEET (RULE 26

variable as a signed

vari abl e values for each case given bel ow. Measure the flow at three 20
points with appropriate instrunentation. 3. Zero flow.
First close the danper. 15 After the danper has fully
cl osed, set neasured appar edPpsedix {o- naming conventions
nvsensor.siflow finpas3 (to be down |loaded |later to nv f1ow - cal ).
4. M ni MiRFe IHRFeR& hf'ﬁe*ff& rnnfauear BETiStaPRa Shed fAlAowiae BemiRg 25
"manual | y" &gﬁ%”ﬁ"ﬁ ”l%é’eﬂ% Fl'ﬁ’ﬁ r§éﬁ%llsﬁ ciieapiqtpNguron C
vari a e vm“tsﬁ a Q z "ﬁés ?f"'t f’ 3’?&% Zﬁ FPHB HYPEDW T8
achi eved. XYte es ar owing datg. f”(%ﬂs 7Y £l ow =
measur ed fIP ef xes ?Eﬁ?ded be e:?@ Bm]tWhen the quantity is a numer
'PCT/ US95/ 0% :r fix is a d the name. The pref:Lx or sufﬁzjc is
ted from ¢ name with an underbar v % character,
(nv cm\flgpg. fﬁj ﬁ apparen% mn flow
nvsensor . Fowt fp‘l’ra 53 Not e: nvsensor and nv _config can
be pol |l Ed ‘[T?PHU‘C the—vatves—wt 'ﬁr‘éfiz&"‘:’c a SLFEix thnes et ng—reast ed
5 Use the Jalagse act Er]‘;am:&f | ow apd apparent - m nfl ow
| at er wher name dOWn| oa nBge nvfl ow cal. |
5. MeX i [T EtaReSet t e UqTHEEE- T U & PHsha 1 Ot Of TaXT momT How by
enum none none . :
pointer P none no other prefix
required
union n none no other prefix
required
network variable nv no other prefix
_ required
i/o declarations . io .no other prefix
required
unsigned u '} appended before b or
1
signed s appended before b or }
1
byte or short or b apperded after u or s
short int
long or long int i appended after u or s
scaling s0O . . . for fixed point
slé ‘variables see binary
' point definition



"manual | y" adjusting the danper position (by sending the network
vari abl ewaygsmegnii at e val ues) until the nmeasured maxi mum f | per/US9s/088b1

achi eved. Then: act ual maxfl ow =
measured fl ow nv conflg si _duct _area_s12)
apparent max_fl ow= nv_ sensor.si_flowigf pma_s3 15 Not e:

nv_sensor and Qs &Nkl 0 LAl I HBOLGTsh Rl nhl So UG L S g, ALV
flow i s bei nggggasure vaTué :

actual _nmax_flow and appar ent maxflow | ater when

downl 03(5 Ng ANsfdDWeldk -is an example GWBASIcﬁprograQOMtoégléﬁ\iaéég%scal to the
node with th&lﬁ&&ﬂx@d’t{& ¥ables; nv_ 2wl volts (VOLTS) and nv flowl fpm (VEL)
nv_flow cal £&bm aﬂﬁaﬁéﬁﬁuré&rﬂoﬁ3sémsué£ﬂba%eﬁ&;n&9rfbv.(n%c &) cal, the
nv_flow cal Ksfactopar &t doet cidmeteaapparent _m n_fl ow (scal ed)

nv_flow cal.si_actual _mn_s3 = actual _nin _flow(scal ed)

nv _fl o0 cal REM EI3EaLEYEARABAS s3 =7/2¢p®3 ent max flow (scal ed)

nv_fl ow _cal REM Rateufileraf b®hes ft HAP rtexubé am Esbailetion 25

Not e that nvDAFdW.cAI0325,t hed2Fan®. a5 @He Pozatli-6ns-8n EERROM wher e

the correcti ARVAI=UBST®%e stored in the preferred enbodi nent.

GENERAL, _COMVERAES INCH(I) The preferred enbodi nent next perforns
three proces¥EFE Isteps. A Neuron (a regi stered trademark of
Echel on Corp.) m_croprocessor is currently enpl oyed by t he WO 96/ 02811
PCT/ US95/ 088 MciSENT FY THE PROGRAM .

PRINT “VAV BOX LINEARIZATION TABLE CALCULATOR” ‘

20
REM SELECT A FILE TO PUT THE OUTPUT IN
80 INPUT “DISPLAY OUTPUT ON SCREEN (s) OR SAVE IT IN A FILE (f)’", C$
IF C$ = “S” OR C$ = “s” THEN OPEN “SCRN:” FOR OUTPUT AS #i: GOTO 100
IFCS = “F" ORCS = “f” THEN 90

25 GOTO 80

' 90 INPUT “Enter File Name:”, F$

F$ = “C:\vav\bas\” + F$
OPEN F$ FOR OUTPUT AS #1
100 '

30
REM ENTER THE CALBRATION POINTS
X0 = 0 .
INPUT “Enter zero flow voltage:”, YO :
INPUT “Enter center scale voltage and pressure (inches H20)” ", Y1, X1

35 INPUT “Enter full scale voltage and pressure (inches H20):#, Y2, X2

REM calculate the calibration curve coefficents
RO YO / ((X0 - X1) * (X0 - X2))
Rl = Y1/ ((X1 - X0) *» (X1 - X2))
40 R2 = ¥2 / ((X2 - X0) * (X2 - X1))
co RO * X1 * X2 + R1L * X0 * X2 + R2 * X0 * X1
(o § ~RO * (X1 + X2) - R1 * (X0 + X2) - R2 * (X0 + X1)
c2 RO + R1 + R2

45 REM ENTER THE K FACTOR AND DUCT SIZE :
INPUT “Enter the duct size (dia in inches) and K factor:”, d, K
AREA = 3.14159 * d * 2 / 576

_ REM PRINT INTERSTING INFORMATION
50 PRINT #1,
PRINT #1,
PRINT #1, “Sensor calibration points”
PRINT #1, * VOLTS INCHES”
PRINT #1, USING “ SREHEH . ###”; Yo; XO
55 PRINT #1, USING “ ######. ###"; Y1; X1
PRINT #1, USING “ ######. 448", Y2; X2
PRINT #1, “DuctDia(inches) = * ; d; * K factor = “; K; ™ AREA = “;
AREA;”"*

SUBSTITUTE SHEET (RULE 26)



-"13- preferred enbodi nent because it is well adapted to building
control syswe gs/Rsases. ' Certainly other m croprocessBCHUSS5/088%1
enpl oyed where they are designed into the bui | di ng, but the
progranmming will have to be approprl at 8¥y nodified. As can be seen,

the progranm ng gk gre 1ﬂ> (:bcéil [ and, undue experinmentation wll not
be required #?gMinERpf Ehlkcz dbgclcgsu&f These steps

are repeated perlo ca yplca once a second) as indicated
bel ow. . REM cmémz mew&@@a@@ 28! L AGRR bR cR@ENt s and the
fl ow sensor 5di gi gk €£QUPtF 9 are conbi ned

mat hematical ly t@ comcaet) for some analog to digita

converter paranmeier(Maci gt gog(f)hatammacur with tinme or envi ronrrent al 10

t enperature. Thevewtgay & coa+secyrak + epresertteng the "vol ‘tage nunber "

whi ch represent scthe)arpved(izer* GrEpUt Vol t age. 2. Thi s
vol tage nuriPer sngxmlI i s passed through a linearization process

based on a linearization table. The table is constructed for each

i ndi vi dual sensOREMERRINT THM LINEARIZATIRONARRVEGAND MIFE PTHER DPEOBMATHON 15
measur enents nmad@R®M i ng the factory calibration procedure and based

on the pi ckup dePRENT ddr vt THENRINFARPAATION GURNE| (VREES | VBaVERNh I§rbcess is the
air flow (ild f eePRPER #& nlit e) boHTe VELAFRMc SRRLIERHh CFM(ref) ™ 3.
Next, the calcul B®RdF &P 98w is further corrected for the effects

turbul ence af t er PR l#ﬁrthIQTGl AR SR YORES e VB T e ™Y W?ﬁ’ct i on

20 NEXT I sing a field correction table. This corrected val ue
S used by the control algorlthn1for control of the
air flow vi ta | ogging, and for
A% et e
di splay by a use %ﬁ ,” e processor is programed in
Neuron-C (the | aggu@ge I otkﬁnlkgggfy o ) EE : :
25 Typical results of calculations made by this program are listed below:
Sensor calibration points
VOLTS INCHES
30 0.500 0.000
2.600 1.000
4.500 2.000
DuctDia (inches) =10 K factor = 1308 AREA =.5454149
35 RO,R1,R2,C0,C1,C2 = 0.25 -2.60 2.25 0.50 2.20 -0.10
: THE LINEARIZATION CURVE (VOLTS VS VEL)IS:
VOLTS VEL (FPM) InH20(ref) CFM(ref)
0.500 0.000 : 0.000 0 .000
0.527 268.124 .0.013 146€.239
40 0.555 379.185 0.025 206.813
0.610 536.248 0.050 292.478
0.719 758.369 0.100 413.626
0.936 1072.496 0.200 584.955
1.364 1516.739 0.400 827.252
45 2.196 2144.992 0.800 1169.911
3.764 3033.477 1.600 1654.504
4.500 '3391.531 2.000 ©1849.791
. A== ; == ======
50 ]/ EkkEkkkkkikrkirkkrrr jndexs to raw_data in SENSOR
#define FLOW1l_INDEX o

#define TEMP_INDEX 1
#define SET PT INDEX 2 :
#define R_HIGH_CAL INDEX 3

55 #define RV_LOW_CAL_INDEX 4
#define V_HIGH_CAL INDEX 5
#define CONFIG_R_INDEX 6
#define SPARE_INDEX 7
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Neuron chip). In the Appendix is source code detailing preferred enbodi nent
25 pr eaeesi28g steps. In addition the EEPROM storage of tpoensasmsssati on

table (nv cal), | i neari zation table (nv_flow volts and _

nv_flow fpm, and field correction taliBe (nv_flowl cal) are

I ncl uded. The processes are either standard processes that

have been use |n,,*\4aj;,4,,a.hl*e*,a,¢,r*** \VZs] ers in the
‘past such as de e Hereyyehdrp g@ggg"’érr? eshﬁi\/ﬁgﬁws 98{%‘8%‘#02811

PCT/ US95/ 08894define HARD CONFIG NOT OK_ONCE - -14-
control |l grs. Baéfmtehm‘h@ﬁm gge@wﬁo NGls teach how-to i npl enent, nor
suggest a net Baskine marDwARDfcoN@E€Ul ating a |inearization table to
conpensat i on &@éfiRe@NHARDWARE (GoNEIG and §0 conbi nation of any prior
art appears t ¢dsfioe EARDWARE UNED®@IBSi V& conpensati on schene.
In addition tHhdefigkcHARPIBRY (JONBTE 4 r 04N t he on-chip reference.i s neasured
and 510 st $dekingsHARDWARE|CONFEGi5he $actory testing procedure. This is
done so vol t a§éefine HARDWARRQONFEPENt s6are nore accurately corrected. ‘The
raw (but convédefiger BARBWARE JONFIG 7 7 jnformation) anal og signal value
data is filtetédefing HEARDWARBICONFER &onb®di nent by a sof tware process
“that sinqyl at e¥definREARDW C{S’HFI%-F?era?l ng on digital values. The flow
sensor odt put ¥ ?%PFSW@R%MFCE—&(? t¥P real -worl d engi neering units using
one cali br at| va ue read b¥org&tA/ D(.anal |tal) converter

to di
F’é‘?&oﬁﬂf’%g’ 16 ofnpsEnet &Fﬁﬁwaﬁ? bit

(reference vo %1*** Wpteﬁe {3pd union
menory. Thisgr g sfo A/Dagig_cu rlatl ns_an
The fl owpsenshy 376 etwor lta u&;. nute ‘
ot her b 65kl %ﬁ%% of EES&‘ o %&rﬁ_ tg'g'\é(%f')ylgaapp ?/"lrng W ﬁ%t |2a?‘§°g
curve stored | n menor P ow voI ts and nv_flow _fpm. Between
stored curve paldabs. sgzlu@gar | nterpol ation -
{ . |
25 unsigned occ_unocc.sen :1; // occupancy sensor ( 1 = occupancy )
unsigned window_open :1; // 1 = window open
unsigned fan_ status :1; // 1 - fan on
unsigned unol :1; // unused
unsigned io_test :1; // 1 = test mode
30 unsigned uno03 :3; // unused

} DIGITAL_IN;

typedéf struct

{

35 DIGITAL IN ub_digital in; _
unsigned override :1; // remote bypass switch, I0_1 (o = sw.
pressed) .
unsigned :7;
40 unsigned long raw _datal 8 1; // a/d raw output --use TEMP_INDEX,
: // SET_PT_ INDEX, FLOW1_INDEX,
// SPARE_INDEX, R_HIGH_CAL_INDEX,
// RV_LOW_CAL_INDEX, V_HIGH_CAL_INDEX,
_ : // and CONFIG_R_INDEX to select the
45 : channel :
TEMP si_space_temp_s7; // measured space temperature - degrees
F .
TEMP si_remote_set_point 87; // measured remote set point - degrees F
50 signed long si_flowl_volts_sl12; // measured flow - volts

signed long si_flowl_fpma s3; // uncorrected measured flow - fpm
signed long si_flowl_fpm_s3; // £inal corrected measured flow - fpm
unsigned short ub_hard_config_sO; // hardware configuration number

} SENSOR;

LR 1)
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i$ used. The linearization curve is |oaded into nenory using a CARE tool .
The curve woo9sm28its cal cul ated by the CARE tool and takes i nPCTAISS%a8891 t he
sensor variations (nv cal) and t he pi ckup device curve (which is

uni que for each nodel and duct size). Th#&9pickup devi ce curve may
be entered into the CARE tool manually or may be recalled froma 20
library of picku ' The invention is not taken to be-
limted except a%]ygée{%e\éfg?ﬁ“i n the foll ow ng cl ai ns. : WO

96102811 unsigned short ub_flow_gain; // hardware cal. EEH1U§9§nQ§§91

15 5 unsigned short APPARHT Seshet ; /JARhAGacNVANt bNBow sensor Si NCE
Neuron C has sev@ighed!Nba il REGH Welt Qas &1t f o/ @vréy naming

convention has beggnawlaphedil e10d Beniwiesfacg spacyfiwatkon. Neuron C 5
uses one byte quantities as short, character, it ISpERUAY3lBESat EeBo inches
byte quantities are long int types. The foll ow M idpEx 1t ypedthaae mid scale
prefixes apgended before the name. When the quaht INDEX @ a imsiresiatalfull scale
val ue, the suffi} FaL:appended after the nanme. The prefix or suffix is

separated fromthe name with an underbar " character, i.e. 10 prefix
namesuffi x. #deqi}xﬁezfo_FLOW_LIN_ENTRIES prefix x suffix

comrent _ - before’ ) after

name 15 nam%m'-"adef s&¥Yct ur e o none none

enum . none . -none Lpo'a nt er p
N0 B X ~(ar bottom of range for thig cell)

requi red Ul 9w 1N voLTs; "R hSits _ no ot hgr
prefix 20 , - = _ _ required
net wor k variabl e/ the nMwork variable nv flow_l-in__volt'gOf:'%tlggrli@i:gaIﬁglow n{aﬁr be
requl red 1,9 éﬁ%ﬁzé‘&% he nv mappeﬁousing the field indexes below N0 OlM€r
prefix $define FLOW_LIN_VOLTS_O_FIELD 0 required
unsi gned $abeine FLOW LIN voLrs_1 Fietp  appended before b or

si gned 25 $d8fine FLOW_LIN voLTs 2 Fietp appended before b or

$define FLOW_LIN VOLTS_3_FIELD
$define FLOW_LIN VOLTS_4 FIELD
$define FLOW_LIN VOLTS_S FIELD
$define FLOW_LIN_VOLTS_6 FIELD
30 $define FLOW LIN VOLTS 7 FIELD
$define FLOW LIN VOLTS a FIELD -
$define FLOW LIN VOLTS 9 FIELD

LTINS B S P

typedef struct
35
' signed long si_s3 [ NO_FLOW_LIN_ENTRIES ];
// feet per minute (at bottom of range for this cell)
} FLOW_LIN_FPM;

40 // the network variable nv flow_lin fpm fields listed below may be
changed by the nv_maped using the field indexes below

#define FLOW_LIN_FPM_O0_FIELD
#define FLOW_LIN FPM 1 FIELD
#define FLOW_LIN FPM_2_FIELD

45 #define FLOW_LIN_FPM_3_FIELD
#define FLOW_LIN FPM 4 _FIELD
#define FLOW_LIN_FPM_5_FIELD
#define FLOW_LIN FPM_6_FIELD
#define FLOW LIN FPM_7_FIELD

50 #define FLOW LIN FPM_8_FIELD
#define FLOW LIN FPM_9_FIELD

WoJIoOumbdWNHO
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[ byte or short or b - appended after u

or s wo 9281t i nt | ong or long int i PCT/US95/08891
appended after u or s scaling 29 SO .
for fixed point . s16

vari abl es see binary

point definig i.e. si flowinput filtervalues6 identifies the
vari abl e as §é§§§§e8trucp integer with a scaling of six bits behind the

bi nary poi nt s:.gned 10080s96413284dt _zero_s3; // feet per minute (velocity)

PCT/ US9§/ 0889iqned long si_actual_min_s3; // feet per minute l@&elocity) Appendi x B -
Exanpl e prOgéﬁéﬁeahMgﬁgiEWa&'@nﬁ_aﬁﬁL&&t ¢/| ferrape atih@te (velocitinbl e 5

Li st ed bel owsigneaniena@nl sctuadBABEXCspr yr eet pat ntiahee| Gledscidye

l'ineari zati osigreldl Bongneif dmpairent (max(84GL TS) /ndeet fleovwinupen (WeEbgity)
fromthe neaduwriew_€iww sensor calibration points found in nvcal, the

K factdf, and duct dianmeter. 10 REM FI LE LI NEAR. BAS 7/ 24/ 93

REM Data fi | &/ of*sHetros *br+ 26" tRorgakly Roklacc By siARBNOT TactoryDAFAC (iecBond 25,

0.025, 0. 05, ispuk, egpzom QAY nvpcgl =1 6, 2.0 FORI =0 TO9 READ
INCH(1) 15 NEXT | REM | DENTI FY THE PROGRAM 10 CLS

PRI NT "VAV BOX LI NEARl ZATMlmaEnCALCULATo?‘ 20- REM SELECT A FILE
TO PUTWHE ouTPUTOI N // ub £f3gw q4SeRt - py SPLAY ourP SCREEN (s) OR SAVE

IT IN A FILE (f)?llliﬁf/ si_highvolg cal. g "V N OPEN " SCRN, " FOR
OUTPUT AS #1: GOT // si_ flo e&,&volt:s $1 v.o ts §h %3150

90 | NPUT " Ent er J,,, fl sen volts \3 vo b@sat" e =2

FS$ FCR26UTPUT AS s:x. _‘f& sen volts 12[ 2 full cale = E'

4096,, // s8i_flow_sen in _s12[ 0 ] - inches at mid scale
8192 . // si_flow_sen_in s12[ 1 ] - inches at mid scale

nos
[
o
Q

}:

25 o
network input eeprom FLOW_LIN_VOLTS nv_flowl_volts =
é04a, // si_si2[ 0 ] = 0.500 volts
2159, // 8i_s12[ 1] = 0.527

30 2273, // si_s12[ 2 ] = 0.555
2499, // si_s12[ 3 ] = 0.610
2945, // si_s12[ 4 ] = .0.719
3846, // si_sl12[ 5 ] = 0.939
5587, // si_s12[ 6 ] = 1.364

35 . 8995, // si_s12[ 7 1 = 2.196
15417, // si_s12[ 8 ] = 3.764
18432 // si_s12[ 9] = 4.500
}i :

40 network 1nput eeprom FLOW_LIN_FPM nv_flowl fpm =
{ o, /7 si_s3[ 0] =. 0 fpm

2144, // sis3[ 1] = 268
3032, // si s3( 2] = 379
45 4288, // sis3[3] = 536
6064, // si_s3[ 4] = 758
8576, // si s3[ 5] = . 1072
12136, // si s3[( 6] = 1517
17152, // sis3[ 71 = 2144
50 24264, // gi_s3[ 8] = 3033
27128 // si s3[ 9] = 3391

};
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30 REM ENTER THE CALBRATI ON POl NTS ' XO0=0 | NPUT " Ent er

zero fl ow veto sesiy YO | NPUT "Enter center scal e vol t ag€TAISgS5/08891
pressure (inches H20)" ", YI, Xl 35 | BiPUT "Enter full scale voltage and .
pressure (inches H20):", Y2, X2 REM cal cul ate the calibration curve
coefficents Ro = YO ((X0 - XI) * (X0 - X2)) RL =YL/ ((Xi -
X0) * (X2 X)) ablhorr Bt odonl $26 eadB h142ca1 X)) CO = RO * XI
*X2+R1*XO*{ (XI + X2) - RL * (X0 +
X2) - * (X0 +oXl) /¢25r aB&f"enBl zé‘rﬁg3 4-50 fe&E%EMEE&JHEeK:J:'%gm

AND DUCT SI BE  1200,I NPUT YEns€hactheal_diistssSi ze {di a is0 gpehes) and
factor:", d, K 1200, AREA 7/3s:14i:5§2?ezﬁ Wi s 576 150 £5%EM PRI NT
| NTERSTI NG | NFORMRIOON 50 // #RlakBudilmax s3 PR NT #boo fpm PRI NT #1,

"Sensor. cal i brat B2epopoi nt s'// si_appéifenkImssd s3" = \AOOD SEgeNCHES"
PRI NT #1, USI NG }: ######. ##*" YO XO 55 PRI NT #1, USI NG ' ##t#H##H#. ###"
Y1l; Xl 10 PRINT #1, USING ' ##*. *#"; Y2, X2 PRI NT #1,

n DJCt D a( i nCheS) /*'******ﬂk**'**K“f*a'(*,fb’f******K****WREA**'*********ARm*'*" H

SUBSTI TUTE SHECEFU{GREPE Nage: Get_Flenp 96/ 02811

PC-I-/ U895/ 08891 ***************************************IV&**********mw*#l )
"RO, R, R2, 00, C p‘d—GE%ﬂ?l]"w‘ void ) pRI NT #1, USING™ ####. ##": RO, Rl; R2;

Qo; C1; C2 CL{?_ JTE THE PI CXUP CURVE AND LI NEARI ZATI ON CURVE
5 FORI =0 Téfg“a kT INCH(1) VEL(1) = K * SQR(X) / AREA
VaLTS(1) CO * Eg31gne§-lon visgr;

20 // Flow a/d calibration correction, and conversion to voltage

nv_sensor.si_flowl_volts_sl2 = nv_cal.si_high volt_cal sl12 +

muldivs( FLOW_SCALE, '
nv sensor.raw_data [ V_HIGH CAL_INDEX ]

25 - nv_sensor.raw_data [FLOW1_INDEX ], _
(nv_config.fifty_sixty_Hz ? FLOW_SCALE_FIFTY : FLOW_SCALE_SIXTY) );

// Flow sensor linearization (using linear interpolation between
points in nv_flowl_lin table, and conversion to englneerzng units i =

30 1;
whlle( ( nv flowl volts.si_si2[ i ] < nv_sensor.si_flowl_volts_si2 )
&&
( i < ( NO_FLOW_LIN_ENTRIES - 1 )
35 { _
i+4;
}
- =1;
40 divisor = nv_flowl_volts.si_s12[ i+l ] - nv_flowl_volts.si_si12[ i ];

nv_sensor.si_£flowl_fpma s3 =
nv_flowl_fpm.si_s3[ i ] +

. muldivs (
45 (nv_sensor.si_ flowl volts_s12 - nv_flowl_volts.si_si2
[il1) ., ov_ £lowl _fpm.si s3[ i+l ] - nv_flowl_fpm.si_s3
til, (divisor ? divisor : 1) Y;

// limit flow value to upper and lower limit
50 nv_sensor.si_flowl_fpma_s3 =
min ( nv_sensor.si_£lowl_fpma_s3, FLOW_UPPER_LIMIT );
nv_sensor.si_flowl_fpma_s3 =
max( nv_sensor.si_flowl_fpma_s3, FLOW_LOWER_LIMIT );
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CFMI') = VEL(I) * AREA 10 NEXT | REM PRI NT THE LI NEARI ZATI ON

CURVE ANYOM6HZBIITHER | NFORMATI ON PRI NT PRI NT #PCT/USTIMIBSIT

LI NEARI ZATI ON CURVE (VOLTS VS VEL) | é PRI NT #1, " VOLTS
VEL(FPM | nH20(ref) CFMref) 6R =0TO9 PRINT #1, USING
g, VOLTS(1); VEL(1); INCH(1); CFN( 1) - NEXT | 20 REMDO I T
AGAI'N ' %ftjflow corrbddhs” BWlEﬁQWEBcQ}JE&%ﬂ no)g Cv?’al | F G
= "Y" OR G 3£ \"nv lHehkdd) s12B10w1_fihi 63 < mRSHIdWwS 0d1 &3l gﬁéﬁhpmﬁnngﬁjq by
th| s programg@re |isted bel ow Sensor cal irbrati on points

VOLTS | NCHES di@isor = nv floglm.gi_@iﬁ;arent_mzn_s3 - 2.600 1.000
4.500 2.000 nv_flowiDeal [¥iagppadems)zexb0s3; K factor = 1308 AREA =. 5454149

35 RO,R ,R2,C0, 0,2 = 0.25 -2.60 2.25 0.50 2.20 -0.10
THE LI NEARI ZAib|_EBh<SrRVE_fIVELTRmy/S3 \EL) | S: _ VOLTS VEL( FPM
| NH20(ref) CFM r gfildivs ( nv_sensop.HQFlowl_£pmg) s300 . 0. 000

0 .000 10 nv_flowl) c8D.Ei_apparepggzerp)s3, 0.013 146. 239 40
0. 555 379. 185 nv_flgyh cal.si_agggalgpin s3, 0.610
536. 248 0.050 - (aivdgomyAgdivisor : 1) 0.719 )i  758.369

0. 100 413. 626 : 0. 936 1072. 496 0. 200

584. 955, else 1. 364 1516 739 -~ 0.400 827.252 45
2.196 1169.911 3.764
3033. 477 IV1BG/%'&1_ }’)—ff"’l c § FpgTenchax 83757 . 4500 3391. 531
2.000 4:51 cat.s appﬁrefl _ng.:n___g:,::::: ' _

\N_ —————————————m——m——m———m——m——————= // E IR I e 3E k30 30 I I T S I indexs tO
raw datgy i n mirc:; f}°§§§;§ln | NDEX 0 #define TEMP

| NDEX = —#def i ne SET PT INDEX 2 #defi ne

R- HI GHCAL | NDEX 3,@§dws #dat | s BYIEMNEALHNBEN 43 - #defi ne
- VHI GHCAL- | NDEX 5 nvf @b @a CANFbsPaddlobi b 53,

nv_flowl_cal.si_actual_max_s3 -
25 nv_flowl_cal.si_actual_min_s3, .
(divisor ? divisor : 1) _ Y .

~// if the flow sensor has failed, use the failed input state if (
Test_Error( FLOW1_ERROR ) )
30 nv_sensor.si_flowl_fpm_s3 = 0;

// calculate flow {cfm) from duct_area and flow (fpm)
status.si_box flow cfm_s0 =
muldivs ( -nv _config.si_duct_area_ sl2, nv_sensor.si_flowl_fpm_s3,
35 -32768 );
return;

}

40
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#def i ne SPARE | NDEX 7 WD 96/ 02811

PCT/ US95/ 08 8@ 96/02811 18 PCT/US95/08891
Rk kkkkkxkxkxkkkkkx*k hardware configurations in SENSOR #defi ne

| NI TI AL HARD CONFI G 127 . #def2he HARD CONFI 3

126 5. #define HARD CONFIG OK ONCE 125~ #defin mﬂmm“@l
1 #define HARDWARECONFIG 2 = 2. ARMS, e HARDWARE CCONFI &

et ne ﬁS%SE CNFAS & of o 0 SR TR i o connesion
fact | e Farne DRI e meanudith 40 AR ERE C 7, °, 10

internal variable (matches ghar dwpsecktihg a sensor unit to ﬁbﬁﬁéémeasuremex{téopdi'fjﬂowor

network variable copy of digital input bits, internal /'l vari abl es of
anal og to disgi tal conpfiskie as adiffeaential ﬂenagezcaﬁpm@;gnand [l resulting.
sensor readi ngs t ypedef struct 25 unsi gned occunoccsen :1; //
occupancy sensor ( 1 = occbpancymeasuring thres pressdresiwithothe s¢rsor unit ardd apply the -
wi ndow open unsi gned f anst at us 1, [// 1 =fan on unsi gned
unOl :1; // comentiogs to these measurgments,o t est :1; // 1 = test
.node 30 unsi gned unG3 :3; // unused- } DG TAL-IN,
typedef struct 35 DI G FAL |mnmngﬂgmakupwlanonshlpbgw@egﬁbwmd@rpssmdrop
1 /'l renote bypass switch, 101 (o sw pr essed) unsi gned
- 7 for the sensor unitinto storage, '

10 - d using the pickup relationship expressed as a series of point

values, and the values of the measured pressure signals, calculate the points on a
lineariz_ation curve as a series of point values,
| | e. usixig the unit with the gain and offset preset, measure the sensor
unit's sighal output responsive to air flow at the unit's intended installation site at
15 . least three conditions; no flow, minimal flow, and fﬁll flow or maximum flow,
f.  adjusting these air flow responsive values by employing the duct
| area values of the duct in which the sensor unit is deployed, and adjust the

linearization curve to these adjusted air flow responsive values.

20 2. The method set forth in claim 1 and further comprising the step:
testing _the sensor unit at least two pressures and, based on the level of
the output signal, detennining the offset and gain needed to corfect offset and
gain of the sensor output and th_en correcting the sensor unit for said offset and
gain corrections. |
25 : .
3. The method set forth in claim 1 and further compﬁsing the step:
testing the sensor unit at at least two of the press;ures and, based on the

level of the output signal, calculating the offset and gain needed by a scaling '
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40 unsi gned Iong—raw—d-a{—&ﬁ—8—]\l_/ a/'d raw out put - use TEMP | NDEX,

SET PT wolokik _ PCT/USOS/06895PARE
| NEX 55: G at :lmg IR - | /] and GONFI G *
R I NDEX to select the channel

TEMP si space te éggﬁﬁ; ARG %rﬁgﬁﬁ e

F TEMP si %r%ltﬁeer tsoe%onbegf é}féfs S E%‘ﬁ%rf;eas urﬁseog ?lgéjétg{m%%eglﬁse?
degrees F 50 gﬁ;doﬁ@gtlwygsyaggegn% /'l measured flow - volts
signed | ong si ro fpma s3; // uncorrected rreasured flow - fpm

signed | ong siflow fpm_s3 // final corrected neasured flow - fpm

unsi gned short ubhard_configsO // hardware configuration nunber

) SENSOR; W8, 96/ G 8yistem for employmg air ﬂow Or pressure sensors with accurate

PCT/ US95/ 08891 - 19 t ypedef
struct 5 - calibiration to measuresvajurme airtflow fontacéurate/cgniirl; of a/ventilatidnaystemal . of
fl ow sensor 5 unsigned short ub_flow offset;// hardware cal. of flow
sensor havisggned | ong si high volt cal s12; - // volts si gned
long si flowsen volts sl2[ 3 ]; [/ voltg o, - N )

// TNDEX O = volts at ag@pf@t:pmwgg corrected for gain and offset variability and designed to
// INDEX 1 - volts at .m,d scal.e, . _ .
/7 INDEX 2 . | ncheattaghes i pediigian system ducfysagk so as to produgea represeriatiompd | N
ENTRIES 10 15 t t. { - signed long si s12[ NO
FLOALI NENTRI ES ],the%pﬁg througﬂgyyid\l}%ﬁv%ogk,( at bottom of range for this cel t

st odelou may' e 2o o Rl S Wl ER B Rl i o o ©

[ ndexes bel ow associated with g‘gjggéﬁg&. FLOW LI NVOLTS 0O FI ELD

a computer program for generating a set bf linearization curvepoint
values from the pickup relationship between the air flow and pressure vis-a-vis
said sensoi-, | | |

15 a processor for cbm_bining the computer generaied point value sét with a _
 set of sensor unit signal values measured by the sensor unit after installation at a
s1te in said ductwork, to produce accurate output sxgnal values representative of

the actual air flow past the sensor unit.

20 5. A system for employing air flow or pressure sensors with accurate
" calibration to measure volume air flow for accurate control of a ventilation system
having:
" an air flow sensor unit calibrated to correct for gain and offset variability ,
and designed to be attached to ventilation system ductwork so as to produce a
25 representation of the air ﬂdw through said ductwork;
| a memory to hold a series of point values for a linearization curve

associated with said sensor
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gdefi ne FLov\Ll NVOLTS - $defi ne FLOWLIN

VOLTS 2_FI BB os/2811 2 ne FLOWLIN VOLTS 3 Fidis0595/088913
$def i ne FLow LI'NVOLTS ﬂ"ﬂl' " l $defi ne FLOWI NVOLTS 5
FIELD IN RBLTS 6 FIELD 6 30

$defi ne FLovv LIN VOLTS 7 Fi ELD - $define FLOWLIN VOLTS

? ygleglé:‘) struc’:t8 35 st a%lggaqepﬁraglﬂ\g@%r% %\l kIE jlon gurvepomt
il() fee'; / pte Flemmra];J ;[I\gl‘ (ka\&/arl a%Mvp IF ?ﬁ] Jtﬁh?ﬁlﬂlb?ﬁ‘%%mﬁ ai“s?o‘ﬁ aBJI Pgévsv%;‘,’mb{w

changed by the nvrmapeghigigdnisr,t he field i ndexes bel ow #def i ne
FLOWLIN FPM O_FI ELD 0 #defi ne FLOALI NFPM 1_FI ELD

1 #def i ne FLQMbi‘dUeEBMb? cbinblrdihg the compitef generated omt valde bétweith a
FLOWLIN FPM 3_FI ELD #defi ne FL LI N PM 4 FlI ELD

4 5 #defi nset Efﬁfkbﬂ\illﬁﬂagxﬁl Walaemeasured by fhe sensor unit after instdl¥4tioncat a
FLONLIN FPM 6 FIELD - #define FLOWLIN FPM 7_FI ELD

.7 50 #def i nes1téuﬁmalldlducmvk , 1 preduee Becurate ougput signal values represgntative of
FLOWLIN FPM 9_FI ELD 9 WO 96/ 02811

PCT/ US95/ 08891 the actual air flow past the sensor unit. - 20 t ypedef
struct signed | ong si_apparentzeros3; // feet per mnute (vel oci ty)
5 signed long si_actual _nin _s3; // feet per minute (velocity)

signed |long si_apparent_mn_s3; // feet per mnute (velocity) si gned
| ong si_actual naxs3; // feet per mnute (velocity) - signed | ong

si apparent _max_s3; /1l feet per mnute (velocity) } FLOWCAL; 10
|| **xxxxxxxxkxxxxxxxx norpml |y polled by CARE or factory test network

i nput eeprom CAL nv_cal =

SUBSTITUTE SHEET (RULE 26)



J 127, // ubflowgain 15 | 0, /1 ub flow of f set
11162,// si wWihodiepl t _cal _s12 = 2.725 volts P01/ $95/08891

si.-flowsenvolts_s12[ O] - volts at zero inches = 0.5 10650, / /-
si_flow sen volts_s12[ 1] - volts at nid scale = 2.6 18432,/ /
si_flow sen_volts s12[ 2 ] - volts at full scale = 20 4.5
4096, // si flowsenin_s12[ 0] - inches at md scale = 1.00
8192 // si _flowsen_in sl2[ 1] - inches at md scale = 2.00 }1;
25 network input eeprom FLOALI NVOLTS 11/51‘ low volts = {
2048, [l si_s12[ 0] = 0.500 volts 2159, [[ si_s12][ 1] =
0.527 30 2273, /1 si_sl2[ 2] = 0.555 2499,,8 1/
si_s12[ 3 ] = 0.610 2945, 1/ si_sl12[ 4] =0.7 3846,
i/ si_sl12[ 5] = 0.939 5587, [/ _si_s12[ 6] = ﬁ\iﬂf 35 :
8995, /1 si_s12[ 7 ] -} 2.196 15417, I1si s¥[ 8] =
3.764 18432 Il i s12[ 9] = 4.500 40 etw@k I nput
eeprom FLOW LI N_FPM nvfl owl fgpne { o 0 -3 //\l‘27
si_s3 [ 0]= 0 fpm 2144, [l e 'ﬁarl ]
268 3032, o si _s3f—2]—= 3719 45 88,
/1 si_s3 [ 3] = H36 3 6064, / s _s3[ ¥ 1] (",ﬂ
758 8576 / si _sB| T = 1472 89
12136, /1l si|_s3[ |6 I~ 1507 7152, I &=
si_s3[ 7] = 2144 50 Nr 24P67, /Il si_ssﬂ B ] = a§3033
27128 /1 si. s3[}9] = 3391 NZ
SUBSTI TUTE SHEET (RYLE 26) R’ =
N\ _ %
0 L ®
o Iy M
NI S -
+0 B = .
NN oy ®))
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- 00
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WD 96/ 02811 ' PCT/ US95/ 08891

21 wWEbEIs1 | nput eeprom FLONCAL nv_flow _cal = PCT(]S95/08891

/| si_apparent_zero_s3 = 0 feet per nminute (velocity) 5 1200, _
/T si actual min s3 = 150 fpm 1200, /'l si apparent mn
s3 = 150 fpm 32000, /1 si actual -max s3 = 4000
fpm 32000 /'l siapparent_max_s3 = 4000 fpm }; 10
Function ‘Nane: Get Fl ow void Get Flo void 15 { /1 1ocal
vari abl es unsi gned short i; upsAgned | ong diviser; 20 11
Flow a/d calibration correction, and conversion to voltage '
nv_sensor.si flow volts s12 = nv cal.si highvolt cal sl12 + mul di vs(
FLOW SCALE, nv sensor.raw data [ V_H GH CAL_INDEX ] 25 - nv
sensor.raw data [ FLOA_I NDEX ], “(nv config.fifty sixty Hz ? FLOW
SCALE FIFTY  FLOWSCALE SI XTY) ); /| Flow sensor |inearization
(using linear interpolatfon between porhts in nv_flowl |in table,

and conversion to engi neEFAGQ'ORVt(SALlBRWON

volts.si s12[ i < nv sns i Its shi (i < ( NO
FLOWLIN ENTRIES - 1 35 %NB LdRUlN? - -1, 40

, } '
divisor = nv flow volts si_leFIg+B]] - nv_flow _volts.si 312 [ 1 1;

J

y 42
INSTALLATION | 40

AT | P

SITE

|

' 43
SITE MEASUREMENTS
CALIBRATION AND —

CURVE CORRECTION

FINAL SETUP FOR 44

RUNTIME
OPERATIONS

41vvh|Ie( ( nv flow

READY 45

STATE

Fig.2



n¥sensor . si rova_fpma_sSA: nv flowm fpmsi_s3[ i ] +

mul di vs( 45wo 96/02811 (nv sensor.si flow volts sl12 - PCI/US95/08891
ny_flow _volts.si s12 [ i ]1), nv_flowfpmsis3[ i+l

- nv-flow fpmsis3 : [ i ], (divisor ? divisor : 1)

/1 ITimt flow value to upper and lower limt 50 nv sensor. si

flow fpma_s3 = : mn( nv sensor.si flow fpma s3, FLOW
UPPER LIMT ); nv_ sensor.si flow fpRe&3= max (
nv_ sensor.si flow fpm s3, FLOWLOMNER LIMT ); WO 96/ 02811

PCT/ US95/ 08891 2 //final flow

corrections and |inearization usi v flow cal
nvsensor.slflow fpma_s3 < nv_flo gesgréphg CONNECTIAN: bi &10 { 5
divisor = nvflow cal.si apparent |[[ROMMUNICATION, APRY fTow cal . si

appar ent zer 0os3; nv sensor. fl oWMPOWER s3 = mul di vs (
nvsensor.si _flow fpmas3 - 10 -y rent zer 0s3,
nvflow cal .siactual mn s3, - (divisor ? divisor 1)
el se 15 { divisor = nv flpw _cal.siapparent naxs3 -
nv flow cal.slapparentmn s3; nvsenshr.si _flow fpms3 = 20 nv
flow cal.si actual _mn_s3 + mul divs ( ny .
sensor.siflow fpma_s3 - GAIN ANRB\O _wpﬁizent _mn_s3,
nv flow cal.si actual s3 - 29 CORREQTIQNIBASED. §i actual mn_s3,
(divisor ? divisor : ON CHOSEN SENSOR
41
|
STORE VALUES 414
OTHERWISE CORRECT [
FOR GAIN & OFFSET

F

“SET UP AND
ENTER/STORE

PRESSUREDROP AAIR-
FLOW RELATIONSHIP

415

!

CALCULATE 418

DATA LINEARIZATION —
* (CARE)

|

ENTER /STORE _ y

LINEARIZATION TABLE

419

Fig.3

42



/[t if the flow sensor has failed, use the failed input state if Test
Error( FLONudSgiek) ) 30 nv sensor.si flowl_fpms3 = 0; PCIUS95/08891

calculate flow (cfm fromduct area and flow (fpm status.si box flow
ctms0 = mul di vs( -nv_config.siductarea_s12, nvsensor.si flow
fpms3, 35 - 32768 ); return; 40 WO 96/02811 :

PCT/ US95/ 08891 CLAI V5

1. - The nmethod for providing calibrated a4/ | ow sensor units for
connection to variable air volune asurenent and contro

conpri si ng: a. connecting a sensor unit to
produce neasurenents of air flow or 5 pressure as a
differential voltage output signal, b. ‘measuri ng
three pressures with the sensor unit and apply the

corrections to these neasurenepts. C. entering

h i ck | at i hip b fl d f
the Sensor tni i into Storage. |10  CONNEET PUR G | cir#2Phe pi ciup

rel ati onship expressed as a sefies ﬂ; val ues, and the
val ues of the measured pressurp sig $§?‘Bc]'alcé9MMe t he boi nts on a

| i neari zation curve as a serieS of pormt vgtrUes, e.
using the unit with the gain and of fset prdset, mnmeasure the sensor

unit's signal output r onsive to air floy at the unit's intended
installation site at _ 421

MANUAL MODE —
47843
MEASURE FLOW 422
@ TEST VALUE Sl
( 9. MIN, MAX)
423

DO COMPUTATIONS |

DOWNLOAD |~ 424
VALUES

Fig.4



15 | east three conditions; no flow, mnimal flow, and full flow
or maxi mum f{y@%e/02811 f. adj usting these pCT/U$45@8891
responsi ve val ues by enploying the duct area val ues of the
duct in which the sensor unit is depl oyed, and adjust the

linearization curve to these adjusted air flow responsive val ues. 20

2. The method set forth in claim1 and further conprising the step:
testing the sensor unit at |east two pressurd;Tpnd based on the | evel of
the output signal, determ ning the offset and gain needed to correct offset
and gai.n of the sensor output-and then correeting

sensor unit for said oﬁfset and gain corre kg%

3. The nethod set fdqrth in claim1l and further conprising tHe step:
testing the sensor unitf at at | east two of the .pressures and, based on the

| evel of the dnal, calculating the offset and gain needed b
scal i ng \C/%/WSJ 1 67

PCT/ US95/ 08891 amplifier to

' gai n

t he sensor output and dtoring the offyget
A system for

corrections inan associlated nenory. .
azg calibration to
ntllatlon system

enploying air flow or gressure

nmeasure volune air floy for control of a
havi ng: : air sensor unit corrected for gain and
of f set varlablllty anJ; Tgned to ' be attached to

venti|ation system ductjwork so as to produce a representation’of

PRESSURE—INCHES OF WATER

i N Fig.5b

VELOCITY

PRESSURE—-INCHES OF WATER

. " | Fig.5¢

VELOCITY

SENSOR VOLTS % [ e



{ series of pql val ues for _a linearization curve

I.e air flow through said ductwork, 10 a
a OMIS

sociated wi | d sensoVORLD INTELLECTUAL PROFERTY ORGANIZATIO Corrputer ¥ am f or
gorera NAL APPI BRBER THE PATENT COOPERATIY:@J 1REaT BBy

sai ( (3cintsepational Patent Classification 6 : a prodessationd] BublicatiodoNunibeg t he M&&/&SII

gengr at €01 /50 25/00 ue set with a Al set of sensor unit si
val yes neasur ed by the sensor unit afteﬂ“ﬁﬁ%‘t"&PP’&?P‘l‘}Fi‘"%RméF' 1 February 1996g(°1°296)

sitg 1n sard ductwork, to produce accura out put si gnal
r epr] 3 cinteputiopal Application Number: PCT/US95(@883 yglmwugmm Aagqﬁg
20 | (22) Interna nauﬁingnateA SVSt r P‘?&%f’lmﬁ}’ s Eh ot

Wt h accura ion'to asure voI une air flow for accurate

cont ;q?’llWOf a ventilati or\_ system H—
and | dos: QRERSTD b aet BB TbEed 8 Lot 23 M L o By ,j;' "zéggé,é

a 25 representation of the pir f hsusehs.ough said ductwork
a m=mr@ppﬁmmmmmm€smms omywell Rlazees for a |inearization curve
assqci at efspeelis, MY 50 ERs or ' 56 qg\n-“',g‘

SUBS Ty oS T UNBM s ;5767 vind 0 bkaOP/ 00891

Minnetonka, MN 55345 (US). ROTH, Roger, R.; 5201 Scott .
Court, Minnetonka, MN 55345 (US). .
RTMP co p Y
(74) Agent: LEONARD, Robert, B.; Honeywell Inc., Honeywell
Plaza - MN12-8251, Minneapolis, MN 55408 (US). :

(54) Title: ON-SITE CALIBRATION VICE AND METHOD FOR NONLINEARITY CORRECTION FOR FLOW SEN-
SOR/TRANSMITTER

(57) Abstract

A method and apparatus for providing calibrated and linearized flow sensors for VAV systems with the sensor comected for
device/electronic/drift/and field air turbulence characteristics using factory calibrated flow or pressure sensors with output modified by
a transfer function incorporated into a lookup table for each sensor. This allows low power processors to handle the adjustment on-site.
Further adjustment is made on-site with reference to actual flow and turbulence effects.




a conputer programfor generating a set of
val ues fromthe pickup relationship between the air flow and pressure

Vis-a-vis

conbi ning. the conputer generated p0|nt value set with a 5
val ues neasured by the sensor unit after
to produce accurate output signa

sensor unit signa

a

site

sai d sensor,

in said ductwork,

val ues representatlve of

unit.

t he act ual

| i neari zati on curvepoi nt

a processor for
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air flow past the sensor
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