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The greenhouserojectwas so successfthiat soon afterward tlecided to upgradeur 25 year oldirst

generationwood heatcontroller to bring it into the 21st centuryOur primary heat source ia cord

wood stove in the basemenSystem uses the same WebControl PLC as the greenhonseller that:

monitors flue temperature controls fans to distribute heatwithin the houseand bring in outside
combustion air. It also operatesveater pump toincrease heat capture from the wood stavEhe unit
has been in operation fax couple ofyears with a fewnodificationsto improve operation.
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Overview

Ourhouseis an open floor plan two storgape When we designed many years agovestigated

various heang options Choose avood stove located icenter ofwalkout basementLocating stove in
basement keeps dirt out of the main living space and allows passive heat transfer to all three floors.
Pretty picturesseenin architectural magazinesside heating with cord wood is messy. Nice being able
to limit dirt to the basementand not track in snowResistiveelectricbaseboards serve as backup heat
source Electric heat is expensive our locationso we hardly ever usé, but nice havingn alternative
heat sourcgust in case.

Atwo story openstarway nearthe stove allows unimpedederticalairflow. A pair ofsmall fars above

the stove blows hot air up and larger second floor fan blows air back into basement. Due to high level of
insulation even without fans there is minimal temperature stratification. This is important during power
outages so areaearstove does nobverheat

Because housis sotight depressurizatioris a problem, dan assistedreshair intake near the stove
bringsin outsideair.

Stove isa Tempwood (no longer in business) top loader rated

at 55,000 BTUs. Twoanually operatedir inlets controburn.
They run wide opewhen fire is started themre closed down

to limit temperature.As former city dwellers it took whileto
becore comfortable heating with wood. The first time | fired

up the stove used Pine construction scraps. Quickly learned, to
my chagrinthat kiln dried softwood produces an incredibly

hot fire.

At first we used a magnetic thermometer to monitor flue
temperature. It was easy to dislodge and did not provide
audible over temperature warning. If inlets were not closed
down in a timelymannerstove ran vey hot until someone
noticed and went downstairs to damp it dowRorthe 1°
generation controlleobtained several usedype J
thermocoupledigitaltemperature panel meters with BCD
outputsand designed aimple comparator circuit to soureh
alarmwhen stovewastoo hot.

Domestic hot water is provided by a 55 gallon electric water heater. During winter the wood stove acts
as a preheater and in summarsolar batch heater in the greenhouse does the same reducing need for
expensive electrically heated hot water.


http://en.wikipedia.org/wiki/Cape_Cod_%28house%29
http://www.tschmidt.com/writings/Wood_Heat_Controller.pdf
http://www.tschmidt.com/writings/Wood_Heat_Controller.pdf

A | installeda Holly Solar Productbeat exchanger ithe stoveplumbed to a30
Hym'gigh"gv"“ galloninsulatedstorage tank.Company still exists but i® longer in the heat
TOMEET EVERY NEED . . . . . . .
The Hewest 012 tdea exchanger businesslilkoilcurrentlysells asimilarstainless steel retrofit heat
i exchangebut | have no direct experience with the compangysem isa
€ -t =~ passivehermosiphonloop. Ht water, being lighter tan cold, rises to topf the
-L\" g heat exchangepulling in heavier cold water from bottom. As long as stove is

hotter thanthe tank, heat is transferred from stove tstorage tank

The advantage of using a preheat tank rather than adding the thermosiphon loop directly to the water
heater isa much lowesstarting temperate Well water entering the preheat tank is about 45F vs 120F

for the electricwater heater allowing stove to transfer significantly more enelgslso means there is

no need for a check valve in the thermos phone loop. There is not much force moving the water through
the loop so even awing checkalve is a significant impediment.

A pressure temperature relief vaNRETRVs plumbed intahe tank. It opens if water gets too hot
pressure too highThs is an important safety feature as a boiling water explosion is extremely
dangerousMythbustersdid an experiment to see what happens when a water heater explodes due to
excessive pressurdhevideo is pretty dramatic.

Wood stove peheat tankis plumbed intothe electric water heater cold water feed. As hot water is used
electricheaterRNJ g4 NBLI I OSYSyYy(d 41 GSNJ FNRBY LINBKSIG GFryl o
enteringelectricheater is wamer than normal reducing or eliminating need for additioaakrgy to

heat the water During the summer aolar batch heater in the greenhouaets as a preheateeducing

summer energy uselmplementing a preheastrategyhas the advantage of not requirirggny

modification of theelectric water heatevhile greatly reduing annualelectricity consumption.

System worls sowell that during periods of cold weatheandlight hot water consumption preheat tank
becomeshot enoudh to open PTRYV discharging excess water. Having worked hard
cutting/stacking/splitting cordwood this wastsrather heartbreakingln the I generation controller |
used a second thermocouple meternwonitor preheat tank temperaturéo control a smalpump that
transfershot water from the electric heatepack intothe cold inlet of the preheat tankncreasinghot
water energy storage capaciand reducing the need to dump excdss water.

1% Generation Controller

The old system used hardwired logdidven by flue and water temperature thermocouple displays. The
BCD temperature outputs were processed to sound an alert if flue temperature was too high and
control the preheat tank pump. Fans were controlled by a line voltage thermostat. Normalyamit
turned onat the beginning of a burn by tHeont panel pushbutton. The thermostat served as a backup
turning the unit on whenever the fans were on.


http://www.hollysolar.com/
http://www.hilkoil.com/
http://en.wikipedia.org/wiki/Thermosiphon
http://en.wikipedia.org/wiki/Check_valve
http://www.watts.com/pdf/ES-10L-100XL.pdf
http://www.youtube.com/watch?v=jbreKn4PoAc

2"Generation Controller

With the successful implementation of tligeenhouse controller decided to see if | could update the
old design to add features to increase safatpnveniencend reduce energy consumptiofoftware
enablesmore sophisticted controlfunctions then the old hardwired systerRlus it was another fun
project to undertake.

Another consideration driving the redesigffort is the digital panel metersusedare no longer

available soifheyT I Af L QY 2dzi 2 Eembrdi®©gormethin@ty cnsided Wieh dbisk)hidy |
this type of equipment. The old systesas in operatiorfor 25 yearsOver that time had to redesign

the power supplywhen the original faile@nd replacahe meterswith sparesdue toalightning strike
Hopefullythe newsystem will last as longjpurcha®d spares that can be placeddinservice if the
originals fail. This buys time to design a replacement years down the Asachuch as possible | tried

to use the samenajorcomponents as the greenhousentroller to minimize spares cost.

Flue Temperature Monitor

The most importanfeature isflue temperatedisplayandalarm When fire is steted stoveair inlets

need to bewide open. Once fire is goiriglets areclosed down to reducBue temperature. Todot a
burn stresses chimney and is a potential fire hazard as air around stove and clowenegat This
wastes energy as air leaving the chimney is still hot. On the flip winieng stove too cold causes
creosote to form as newly loed wood begingyrolysis This increases air pollution and poses a
potential chimney fire hazard as the creosote condenses in the chimney and builds up on the flue liner.
This wastes energy as thielatile gascomponent of the woods not beingburned sodoesnot

contribute to heating.Goal is to burn wood hot enough prevent creosote deposits and low enough to
capture most of the heat before gas leathe chimney Ideal fue temperatureat the stove idbetween
300¢ 500F (15@ 250C).

Temperature Probe

Given the high temperature involvédermocoupleis the measurement technology of choice.
Thermocouples generate a small voltage when the junction of dissimilar metals is heated, called the
Seebecleffect. This voltage is very small gesial analog processing is needed to display temperature.

Common Thermocouple Temperature Ranges

J B 0°C to 750°C [ Greater of 2.2°C [ Greater of 1.1°C
(32°F to 1382°F) or0.75% or 0.4%

B =200°C to 1250°C m Greater of 2.2°C o Greater of 1.1°C
(—=32B°F to 2282°F) or 0.75% or 0.4%

E B =200°C to 800°C B Greater of 1.7°C o Greater of 1.0°C
[—328°F to 1652°F) or 0.5% or 0.4%

T B —250°C to 350°C I Greater of 1.0°C o Greater of 0.5°C
(-328°F to B62°F) 0.75% or 0.4%

L. —

The original controller used Type J thermocouples since that is what the panel meters needed. The new
controller uses Type K. Type K is more common and better suitéddéaemperature measurement.
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http://www.omega.com/prodinfo/thermocouples.html
http://www.tschmidt.com/writings/Greenhouse_Automation.pdf
http://www.epa.gov/burnwise/workshop2011/WoodCombustion-Curkeet.pdf
http://en.wikipedia.org/wiki/Thermocouple
http://en.wikipedia.org/wiki/Thermoelectric_effect

Thermocouples have two upper bounds on temperattinat of the conductosthemselvesaandthe
insulationmaterial Exceedingnaximumconductor temperate can permanently alter calibration.
Exceeding insulation rating may rétsin shorts as the insulation is deformed destroyeddue to
excessivéemperature. Type K thermocoupleare suitable fohighwood stovetemperature but only if
the insulation is also ratefibr high temperature.l chose an exhaust gas temperaturéJB probe rated
at full Type K temperature of 1250this is significantly hotter thamorst casdlue temperature.

The otherconsideration when pickingthermocoupleis probeconstruction There are three types of
thermocoupleprobes: barejunction, grourded junction, and ungroundegunction. For our purposes
ungroundedjunctionis best.The probeshellcompletely surrounds the thermocouple junction and
insulatesit from the probeshell Thiseliminatesmeasurement problems due to stray voltagesd

protects it from combustion byproduct3he stove is grounded by virtue of the copper plumbing used to
connectthe heatexchanger This provides a static discharge ppthtecting thermocouplelectronics.

The shelklows down response time a littlaubthat is of no concern in our application.

EGT hermocouple probes go for about $2The probe | purchased bent in 90 degrees arfths a

compression fitting designed to screw intdemalemk y ¢ bt ¢ Oyl (A 2 gheet metalh LIS (1 K NB
flue is toothin to thread directly sd drilled a hole and uska nut to secure itThis is simply a method to

keep the probe from becoming dislodged; it does not have to be gas tight.

PID Temperature Controller

There are numerous low coBiD(proportional integral derivativée
temperaturecontrollerson the market. pickeda MYPIN 4-RNRhat
goesfor about$30 on eBay. The unit displaiyise andset point
e R Uk CoN T ROLLER temperature. Controller interface is viao relay outputs one is closed

; when temperature is too low (heating mode) the other at high temperature
alarm | chose relay outputs to isolatbé controller from the rest of the
circuitry. Having two outputs alload me to program a high and low
temperaturethreshold to drive dri-color LED. Blue indicas¢oo cold,
green OK, anded too hot. Amaudiblealarm is triggedf temperate
becomesexcesive PID functionality is not usk The controller is simply
programmedfor heating modewith fixed setpointsfor low and high

temperature threshold.

Buttons at the bottom set operating parameters that are stored in-molatile memory.

ThePIDcontroller is AC powered.used asmall solid state relay (SSB)ywitchit on/off in conjunction
with the rest of the system


http://en.wikipedia.org/wiki/Proportional_integral_derivative
http://www.mypinchina.com/en/Product.asp?ClassID=178&ParentID=149&Child=0&Depth=1

Fresh Air Inlet and Duct Fan
The house is veryght; timber frameconstructionwith stressed skimwvall and roof
panels so depressurization is a problemAn i & dzf | G S R duEtfrufsiomo f S n ¢
S L the stoveto an inlet on thenorth side of the house with large bore screen to
keepout critters. Outside air is ducted to a grill on the wall above the stove
T — bringing fresh aimto the basement.At the stove grill | added a normsized
screen to prevent small insects from entering the basement.

| used a pair obackto-backn ¢ (2 ¢ ¢ mouRktlatJi BOECFMIRt
boost fannear the stove grill Afront paneltoggle switchcontrols an SSR &elect
whetherfan runs continuously or only when stove is in operation.

House Air Circulation

In the event of power failure heat from the stopeopagates througbut the buildingpassively

However using faneducestemperaturestratificationincreasingcomfort throughout the house A pair

of small savaged computer fans directly above the stove blow air into the living room and a larger fan
locaed inasecond floor closet blows air back to the basement.

Thecontrolleruses Dalla@Maxim)1-wire digital sensors allowing software ¢ontrol fans. A sensor

locatedati KS O2y G NRBffSNRa FTNRByYyG LI ySt Y22ybreatkhe G S Y LISNI
upstairs farreports 2" floor temperature.Fars areAC poweredontrolled by a solid state relay (SSR)

tri color LED indicates air temperatutdue cold (fans off) green OK (fans on) red toodatidible

alarm sounds.

Wood Stove Water Heater

The stove reduces electricity needed to make hot water by preheating water in a 30 gallon insulated

storage tank. Extracting heat from theoodd 10 2 S A a LI aaAQBS dzaAy3a | (GKSN)¥2
documented the entire solar wood water heating systbate.

Preheat Tank Temperature Display
) | wanted to display preheaahk temperatebut the PLGloes not have

. provisiorsto drive a display. | added a standaldeenperature display
. that uses its own temperature sensor. The readout is configured to
display in Fahrenheit.

Originally | used the samewvtire temperature module as the

greenhouse. The sensors are kept powered up constantly but the display and other electronics are only
powered when the controller is active. On rare occasionde¢hgperature display did not read the-1

wire sensor correctly. So | replaced the display with a similar one that uses a thermistor to measure
temperature.


http://www.supco.com/images/pdfs/Duct%20Boosters%20F278.pdf
http://www.supco.com/images/pdfs/Duct%20Boosters%20F278.pdf
http://www.tschmidt.com/writings/SolarWoodWaterHeater.pdf
http://sure-electronics.net/download/ME-SP33X_Ver1.0_EN.pdf

Preheat Tank Pump

To increase storage capacity to capture more energy a small
circulator pumpis plumbed between the electric water heater hot
water outlet and preheat tank cold water inlékhe pumpis turned
onwhen preheat tank reachestemperaturesomewhat above
that of the electric vater heater The pumptransfers water from
the electric water heatebackto the preheat tank increasing
thermal storage from 30 gallons (preheat taailkne) to &

(preheat and water heater tank).

Thetransferof water reduces preheat tank temperate allowing more heat to being captfrced the
stove Using the electric water heater increases storage capacity by about 50%. We rarely have a
situation anymore where the preheat tank PTRV dumps excess hot wateof s is also a lifestyle
choice. Knowing we have lots of hot water becomes a good time to do a little extra laundry.

Al-wire digital sensor measusg@reheat tank temperature. The preheat tank already has a temperature
sensor that reports temperaterto the greenhouse controllePLC controllefirmware allowsthe
controllers to share information. However | have not yeplemented that featureUntil that time a
separate sensais used Thisresults in3 temperature sensors attached to the preheéank hot water

outlet, 1-wire sensor feeds greenhouse, anothewite sensor feeds the woodstove controller and a
thermistor sensor feeds the woodstoeentrollertemperature displayA SSR controls pump power and

a LED on the front panel illuminates whitwe pump is running. A check valve prevents cold water from
bypassing the electric heater when hot water is being drawn.

Water Heater Emergency Cutoff

Electric water heaters have a resettable temperatlimgt thermostat in

addition to the heating elemnt thermostat. If water temperate exceeds
maximum thermostat setting of 160F it trips cutting off power to the

respective heating element. During periods of extreme cold and low water use
water may exceed that temperature causitgrmostatto trip. The eent will
probablygo umoticedfor a whileas the wood stove is making lots of hot

water during cold weather. However once weather warms up water
temperature will be too low.

The overtemp thermostat has a red reset button.réstore operatiomeed

to remove the protective cover and press the reset button. Typical residential
water heaters have two elements one at the bottom and a secondary at the

top. The one on the top is only energized during periods of high water use

when water temperature inthetanB SG a4 G 22 2 dgrdmthe a/ 2 RE
preheat tankenters theelectric water heatetank from the bottom via a dip tube, so that ends up being

the hottest part of the tank.Some heaters havBCG@ on boththermostatssome only at thene at the

top of thetank.



http://www.franklin-electric.com/media/documents/993149.pdf

BTUs Gained z KWHs Saved
Well water entering preheat tank is rough$ degreed-ahrenheit {C)in winter. Raising water
temperature t0160F 71 C) takes28,/38BTUs (80 ¢ 45x 30 gal x 8 3BTU).

Electric water heater is 55 gallons setl20F(49 O. Increasing water temperature tt60Ftakes
18,326BTUs (80¢ 120 x 55 x 83BTU).

It takes 84kwh to raise 30 gallonsf waterto 160Fat a cost of $.Ikwh eachtank of waterheated by

the stove saves $40. Addingthe 55 gallons from thelectric water heater saveanother 54kwh
costing$.92. The only significant cost oing theelectric water heateto increase storage capaciyas
$150 forthe high temperate pummnd a few watts to ruiit. Actual savings of course depend on stove
operatingtime and water usagewith a family of four, wintehot waterenergy consumptiotis about
halfthat of summerprior to adding the greenhouse batch heat&vith addition ofgreenhouse batch
collectornow havelower hot water cost summer and winter.

Note: incalculating BTUs we are ignoring effect of temperature change on weight.

€auion

Water temperatureabove 120 Eramatically increasesskof beingscalded
Use of tempering valve or antiscald valve decreases risk.

Temperature \ Time to produce % degree burns on adult skin

160 F (71 C) Y second

150 F (66 C) 1.5 seconds
140 F (60 C) 5 seconds
130 K54 C) 30 seconds
120 F (49 C) >5minutes
100 F (38 C) Safe Temperature

Greenhouse Controller Integration

The greenhouse controllersesa multitiered strategy to maintaimdequatewinter temperature. If itis
unable to do sat sends out a freeze warning email and flastresfront panelfreezewarningLED The
good news is that so fahis eventhasneveroccurred. Howeverif it does t will probably ben the wee
hours ofthe morning whemo oneisat acomputerto respond | wanted another methoaf impending
freeze notificationThe stove controller haan audible alarm so it was natural to expand its functionality
to include the greenhouse freeze event.

If greenhouse temperature falls below acceptable temperate the gnease controller turns on a fan
to blow in warm air from the basement to kept the plants hapRynning the fan to blow air into the
greenhouse risks depressurizing the house if the wood stove controller fresh air fan is off.


http://www.antiscald.com/index.php

Signalings actually @it more complicated thn one would think becausénot only needs to
communicate with the wood heat controller it needs to be able to turn it dhéfstove has gone out
andthe controllershutdown

Greenhouse Controller Health Status

| wanted to provide an indication of greenhouse controller health. If power is lost or the controller
crashes it will likely go unnoticed fsometime. Presentlygreenhouse Okonditionsimplyindicates
presence ob volts used to power the various greemise temperature sensorslo maintain metallic
isolation between greenhouse and stove controller used an optoisolator.

Greenhouse Impending Freeze Signaling

1-wire temperature sensors use 5V, Gnd, Data. | usedntiuctor cablgo wire thegreenhouse
temperature sensorsoassigned thdourth as thefreeze alert. During a freeze event greenhouse
controller pulls this line low. This turns on an optoisolaiidre output turns on main wood stove
controller power and provides a PLC digital inpoiit is abledetermine freeze event is active.

Greenhouse Basement Fan Signaling

To make sure wood stove controller is on when the greenhouse basement fan is rtmningeze

signal is pulsed active for 200mvbienthe fan isfirst turned onand agairat 0 and 30 mintes past the
hourif the fan is still onThis insures the/ood stovecontroller is awake and the idle timeout counter
will not turn it off while the greenhousébasement fan is runnings long as the wood stove controller is
on so is theduct fan bringig in makeup air so the house does not become depressurized.

Stove Work Light

The old controller had no provision for a work light to illuminate stove and cord

g22R a02Nr3aAS o0Ay® LQY adridAy3a GKS 200A2
Walking by it the dark is dangerous and wood needs to be added to the stove

from time to time. Turning on the main lighting in that part of the basement

seems like overkill just to check the stove and load a few sticks of wood.

| had never played around with white D& before so this seemed like a good
excusel purchased &ree XLampltra-bright white LED module rated at 350ma with a Vf of 4 volts.

LEDs arbighlydirectional which for our application is ideal. The light cone illuminates stove and wood
storage bin providing enough light to safely load the stove without having to turn on general purpose
basement lighting. At full rated current the LED is much beigtitan needed so | used a 47 ohm

resistor in series with the 9V supply to limit current to 115 ma. The LED is on whenever the controller is
on.

Operating Modes

The controller needs to determine if stove is in operation. At power up the controllertselstd non

heating mode, VAR1 = 0. If the flue temp bit goes high, indicating flue temperature exceeds 300F, VAR1
is set to 1, indicating heating mode. This information is used to set idle timeout duration, whether to
send an end of session email ammdeinable the house fans.
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http://www.cree.com/led-components-and-modules/products/xlamp

Audible Alarm

There are three sources of audible alarm: 1) flue over temp, 2) air over temp, 3)
greenhouse freezdf any of these conditions occur the respective LED flashes red
and the alarmsounds The system uses a MalloBpnalertto generate an annoying
attention getting pulsing sound. The Sonalert is pagdrom the 9V supply
controlled by an open collector driver.

Alarm Silence

Once the alarm has your attentioni& annoyindhaving tolisten to it until the condition isesolved A
front panel push button allows thevertempalarmsto betemporallysilenced.The silence feature
works differently in case of a greenhouse freeze event. Pressing the silence buttoarsatly silences
the freezealarm until thefreezeconditionno longerexists Therespective LEDontinuesto flash even
if the alarm is silencedintil the problem is resolved.

Really Loud Alarm

We have anotheaudiblewarningsystem thatalertsbased on inputsrbm severalhightemperature
sensorgnonitoringthe house and outbuildingrlhewood stovecontroller can be programmed to
activate thissystemif the primaryalarmis ignored. If th@larmcondition persist§or 10 minutesand
the silencebutton hasnot beenpressedhe loud alarm is activateshakingit harder to ignoreTo make
the alarm distinctive it cycles on/off every 6 seconds.

WebControI Programmable Logic Controller

J22-| One of the nice aspects tife CAl network§VebControlis that it includes a
built in web server. This allows any PC on the LAN to monitor wood stove
statusand Twire temperature measurements

Thedeviceprovides8 digital inputs, 3.0-bit analog inputs, 8 digital outputs, 8
Maxim/Dallasl8B201-wire temperaturesensorsand a humidity sensorusing
aHoneywell 4000The humidity sensor is not used for control functions but
provide a convenient display of basement relative humidity.

WebControl implements a simple scripting language. User code is generated offline and pasted into the
system.

System Status

The System Status screen displesgsous values and register¥AR 1 indicates whether or not the
system is in heating mode ARS 2 and 3 record the starting temperature in the basement and second
floor. Var4 is the shutdown idle timé, displays minute past the hair when system will automatically
shut down The other vars are used fearioushousekeepindunctions.

The Inputand Output bits display the various digital controls.

Temperature 1 isemperaturenear the wood stovelt is used to determine when to turn on fans.
Temperature 2 is second floor closétis not used by the controller but provide a convenient indiaatio
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of overall house temperatelemp 7 is the preheavater tank. It is used to control the pre heat tank
pump.Humidity is measured by a sendocated on the PLT his isadisplay the controller does not use
this input.

Analog input 3 is the constant 5V supply used to enable automatieup; the other two analog inputs
are not used. Refer to the user code section for more details about bit assignments.

CAI WebControl PLC

Version: v03.02.17b IpAddress: 192.168.2.105 Name: WOOD HEAT 02/26/2015 12:46:21

System Status

|
Qutputs
e fs[a[sls[7 s
TTLouputbis 2] 1[0 1[0 ]o0 [0
32 Bit Signed Vars E%lﬁ%lﬂmlﬁﬁ
|
+ TR
Sensor Setup TTL Input Bits [1[1tfofo[t[ o0 |1

84.2166.3|0.0 10.0/0.00.0/120.7/0.0

Temperature Sensors F F FIFIFIF F F
‘Temperature Sensor StatusWW’WWWW ok m
‘Analog Inputs ,T,T,@WWW 0 ,T
e | Humidity Sensor | 11w

‘Counter | 0

‘Frequency | 0
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Email Alerts

The system generates thrégpes ofemails 1) setings change,)2nd of heatingsessiomreport and, 3)
equipment problems

User Settings

General

Setup

Clock Setup

Time Zone

Set Date Time

utc5 -

Note: time format MM/DD/YYYY HH:MM:SS

Options

UROM1 80

UROM2 140

UROM3 0

UROM4 1

User defined 32 bit int

User defined 32 bit int

User defined 32 bit int

User defined 32 bit int

TDSQ 15 -~ uS (1-Wire Data Sample Timing)

VIWeb Polling Enabled

Send

The controller has 4 web settable values. This is a convenient way to
tune system operation without having to reload PLC code.

1. UROMzihousefanson temperature

2. UROMIZcirculator pump on temperature

3. UROMS is not used

4. UROM4 enables/disables loud alarm feature

This page also sets time zone for the RTC.

If web polling is checked the displayed page is continuously
refreshed.

If 1-wire cable is long the TDSO parameter camsed to adjust
sample timing.

Unfortunately title and units of measum e not enduser configurable To make setting values more

user friendly at power up and each time any of the UROMXx settings are changed the parameter checker
is invoked. An email Bent at power up if any are out of range and each time a value is changed. The
email indicates if values are correct and information about the correct range and units.

WoodHeat UROM setpoint within range

WOOD HEAT
To: Tom Schmidt;

UROML - Fan on temp, 60 - 100F
UROM?Z - Preheat pump on temp, 120 - 160F

UROM3 - Not used

UROM4 - Loud alarm, 1 = enable

WOOD HEAT  Sent at: 11:56:36 On the 02/28/2015

Digital Inputs:

11=112=113=114=015=016=117=018=0

Analog Inputs:

AIP1=0 AIP2=0 AIP3=491 AIP5=0 AIP6=0 AIP7=0 AIP8=0 AIP1=0 AIP2=0 AIP3=492 AIP5=0 AIP6=0 AIP7=0 AIP8=0
TTL Output States: TTL Output States:
TTL1=1TTL2=1TTL3=0TTL4=0TTL5=0TTL6=0 TTL7=0TTL&8=0 TTL1=1TTL2=1 TTL3=0 TTL4=0 TTL5=0 TTL6=0 TTL7=0 TTL8=0

Temperature Sensars:

T1=77.5dF T2=67.1dF T3=U T4=U T5=U T6=UT7=1234dF T8=U T1=77.5dF T2=67.1dF T3=U T4=U T5=U T6=U T7=123.4dF T8=U

Humidity Sensor:
H=16%

VARs:

VAR1=0 VARZ=775 VAR3=669 VAR4=28 VAR5=100 VAR6=0 VAR7=200 VARB=1 | yAR1=0VAR2=775 VAR3=669 VAR4=28 VARS=100 VAR6=0 VAR7=200 VAR8=1

WoodHeat UROM setpoint out of range
WOOD HEAT

To: Tom Schmidt;

URQOML1 - Fan on temp, 60 - 100F

UROM2 - Preheat pump on temp, 120 - 160F
UROM3 - Not used

UROM4 - Loud alarm, 1 = enable

WOOD HEAT  Sent at: 11:56:31 On the 02/28/2015

Digital Inputs:
11=112=113=114=015=016=117=018=0

Analog Inputs:

Temperature Sensors:

Humidity Sensor:
H=16%

VARSs:
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End of Session

If the controllerisin heating mode it sends an end of session email just before shutting down. The email
includes beginning basemefWAR2pand upstair{VAR3) temperaturas well as currertbasement (T1),
upstairs (T2) and preheat tank (T7) temperature

WoodHeat session end report
WOOD HEAT

To: Tom Schmidt;

WOOD HEAT  Sent at: 00:12:00 On the 02/26/2015

Digital Inputs:
1=112=113=114=015=016=117=018=0

Analog Inputs:
AIP1=0 AIP2=0 AIP3=491 AIP5=0 AIP6=0 AIP7=0 AIP8=0

TTL Qutput States:
TTL1=1TTL2=1TTL3=0 TTL4=1TTL5=0 TTL6=0TTL7=0 TTL8=0

Temperature Sensors:
T1=82.2dF T2=68.0dF T3=U T4=U T5=U T6=U T7=129.9dF T8=U

Humidity Sensor:
H=11%

VARs:
VAR1=1VAR2=737 VAR3=683 VAR4=12 VAR5=100 VAR6=0 VAR7=200 VAR8=1

Greenhouse or Temperature SensorFailure

If greenhousestatusmonitoring detects a failurdg sends a greenhouse failed emé#ila temperature
sensor faBa sensor fail email is sentthe erroris corrected andk reoccurs another email is serinly
one email is sent per event

WoodHeat greenhouse failure

WOODHEAT  Sentat 10:33:27 Onthe 04/01/2013

Digital Inputs:
[1=112=113=014=0 15=016=1 17=013=0

Analog Inputs:
AlIP1=0 AlP2=0 AIP3=490 AIP5=0 AIP6=0 AIP7=0 AIP3=0

TTL Qutput States:
TTLA=1TTL2=1 TTL3=0 TTL4=0 TTL5=0TTLE=0 TTL7=0 TTL8=0

Temperature Sensors:
T1=68.1dF T2=69.0dF T3=U T4=U T5=U T6=U T7=78 2dF T8=U

Humidity Sensor:
H=0%

VARS:
WART=0VARZ=680 VAR3=690 VAR4=47 VARS=100 VARG=0 VART=200 VAR8=1
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Addi t iFomalf ety Features

In addition to the purpose builivood stovecontroller we have several othdire safetydevices

Smoke & Carbon Monoxide Detectors

House, including stove area, is protected by multiple interconnesiedkealarms
Units are AC powered and battery backed ionization detectors. Battery backup is
important during periods of @wer failure tomaintainfire warningcapability One of
the units is a combo smoke and carbon monoxide detedibesealarms are
completely independent of the stove controller.

Heat Sensors
Atemperature detectodocatedon the ceilingabovethe stovetriggersan alarm if

ﬂ air temperature exceeds 190 degrees F (87.8 C). There are several of these
!

detectorslocatedthroughout the house and outbuilding to act as a backup® t
— smoke detectorsCombustion appliances may overhezdusing a dangerouser
temperaturesituationwhile not emitting smokeo trip the ionizationsmoke alarrs.

The temperature warning system has its own power supplytard. System uses
two types of sensors: supervisedormally closed and unsuperviseshormally
open. Commercial systenaften implement supervisiono detectsensorfault.

Thesesensos areseparate from and set to a much higher temperaturertthe air
overtemperature alertimplemented bywood stove controllesoftware. If
temperature near one of the sensor exceeds 190F the contacts either open or close (depending on
sensor tye) and the horn activatedntil temperature is reduced to safe level

Thestove controlleQ ldud alarm featurds usedto sound the alarnby energiing a normally operreed
relayto simulae an unsupervisedemperature sensorln order touniquelyidentify the sourceof the
alarm the stove controller toggles the warnihgrn on and off every three seconds to produce a
distinctive sound.

Fire Extinguishers
: Multipurposefire extinguishersare located astrategiclocations throughout the house and
outbuilding. | tried tochooselocations that would notbe blockedn the eventof fire.

Fire extinguishers argasdiied by letter codeindicatingthe type of fire they are effective
againstand a numerical value indicating size, the larger the number the larger the fire.
Typicalresidential extinguishers arated ABGind come in 5 or 10 pound size.

A ¢ Ordinary combustibles

B¢ Liquids

C¢ Safe for use on electrical equipment
D ¢ Combustible metals
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Theory of Operation

The controller consists of several off the shelf components and a custom designed interface board.

AType Kkhermocouple PID contral is used to monitor flue temperature. It has two relay i that
close atlow and high temperatur¢hresholds The controller displays flue temperate and control
setpoint. ThePID functioris notused;controlleris set for heating mode with simpksetpoints for low
and over tempratureoutputs.

A digital panel meter, using a dedicated thermistor temperature probe, reports preledes tank
temperature

A CAl networks WebControl is the heart of the system implementing a programmable logic controlle
(PLC) and a web baseasderinterface.

Front Panel Controls and Indicators

1. Momentaryrockerswitch¢ manually turns unit on or offAmber power indicators on inboth
standby and run modindicating AC power is available

2. Fresh air duct faswitch¢ fan may be set to operateonstantlyor only whencontrolleris
active Green LEBbove switch idluminated when fan is on.

3. Temperature sensorventilated holder locagsal-wire temperaturesensor tomeasure
basementtemperaturenear the stove Theautomatic turn onreference NTC thermistor is
mountedbehind the frontpanel,in thermal contact withit, to provide thermal mass.

4. Preheat tankvatertemperature displayA geen LED abowhe displayisilluminated when
circulatepump is on.

5. LED wtusindicators

a. Flue temperatureblue - temperatetoo low below 300k-green- normal operation
flashingred ¢ too hot temperatureover 900F.

b. Air temperature:blue - temperature below 80F fans offjreenabove 80F fans gn
flashingred too hot air temperatureover 115F.
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c. Greenhouse statumff ¢ no power from GH controllegreen- GHcontroller alive
flashing red; GHfreeze warning.

6. Audible alert- activeif any of the three status indicatsarered. Silence pushbutton used to
temporally silence overtem@nd permanently silencgreenhousdreezealert.

7. Flue temperaturdPID controller upper display indicates flue temperature, smaligeen
display underneath indicates minimuatceptableflue temperature. Status LEDs indicate
G KSI (A ydléeisetoRset point and alarm if flue temp exceeds 900F. Buttansused
to setoperating parameters.

System Power Control
Due to the different ways the controller is activated power control logic is fairly complexiredor
scheme is ugitto allow multiplesignalgo turn on the controller on, and lashan-out to turn it off.

Stove in Use Detector

| wantedthe system to turritself on automatially when the stove is in us€his insures controller is
active during the burn even if it is not turned oranually | tried using alisc thermostatattached tothe
flue pipe. This hethe advantagerary rapid turn on but ofortunatelycommonly available disc
thermostats are not able to survive the hifjbe temperature.

When stove is in use temperature ndais higherthan father away. |
\ took advantage of tis fact to measure temperature differentiallysing a
. ‘ pair of 10K NT@ermistors Negative temperature coefficient thermistors
\v exhibit dramatic reduction in resistance as temperature increases.
_— e —

Onesensoris mountedwithin the controllerto serve as a ambient
reference andhe otherclose tothe stove. The two sensors are wired ériss to the Auxiliary 5 volts
supply. With stove offoth sensors are atearlythe same temperature sgoltage at the junctiorof the
two sensords half the supply voltag®.5v. This is feed into the inverting input of an LM339 voltage
comparator. Thenon-inverting inputvoltageis setby al0-turn potentiometer allowingrip voltageto
be variedbetween 1.2¢ 3.8 volts. When the stove is running the thermistor near the stove is hotter,
decreasing its resistanc&Vhenthe inverting inputvoltageis higher thanthe non-invertingcomparator
output isdrivenlow turning the unit on.

The comparator output is connected to two 7407 Aorerting open collector buffers. One buffer drives
the pass transistor used to switch power to the rest of the systemtbadther is connected to a PLC
digital input allowing firmware to determine which event caused turn on.

When stove is 5 degreéshrenheitwarmerthan referencethe midpoint voltagesncreass
approximatelyl40mvto 2.64v and whenit iswarmerby 10 degrees b80mvto 2.78 volts.Thermistor
temperature vs resistance curve isntimear but that isof no concernas all we are looking for is the
stove to be several degrees warntaan the reference thermistor in theontroller. In actual use the
stove off voltage is 2.45 volts and the trip point is set to 2.55y prevent oscillatiomwhen both voltages
are equak 470k feedback resistor is used to provide 50mv of mgste Selfheating of the controller
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increases temperature of the reference sensalding an uncontrolled amount of additional hysteresis
on the order of a couple of degre&shrenheit

The optimum set point is as low as possible that does not cause spurious controller turn on. Too high a
setting delays or may even prevemitomaticturn onfrom occurring

PLCKeep Alive

Oncesystem igurned onthe PLQyenerates its owipower oncontrol signal. Thisllows software to
keep the controllelactiveeven ithardware inputs become inactiveA discrete transistor driven high by
the controller keeps th system running until firmware aédesto turn it off. Using a transistor driven
high eliminates spurious turan as the controllefogicis powered up and down.

Rocker Switch - ON

A front panelmomentaryrockerswitch allows thesystemto be activated manuallyit takes thePLCGa
while to completepower-up selftest (POST)This idonger than isconvenientto hold the turn on
button. A oneshot trigged at poweup for any reason not just manilg) maintainssystempower while
the PLdnitializes This signdk also used to inhibit fan and pump outputs as weliadiblealarms so
they are not inadvertently activateduringstartup.

Greenhouse Freeze Alarm
In order for the greenhouse to activaathe audible alarntineeds tocommunicate with the stove
controller and if the controller is off turn it on.

Thegreenhousecontrollerusesthe same iwire temperaturesensorsas the stove controlleisome of
which are locatedvithin the house 1-wire sensors us¢hree connectionsa bidirectionadatalead 5V
power and ground. | useald-wire cable so the unused conductor provitan easyvay for the
greenhouse controller to signal an impending freezent Both greenhouse and wood stove

O 2 vy (i SRefativBDCRupplyre connected to safety ground (green wire). To maintain metallic
isolationoptocouples are used tanonitor greenhousestatus and freeze warning.

To generate a freeze aldiie greenhouse controllgpulls the 4™ wire to ground Anoptocoupler wired
betweengreenhousesensor 5wsupplyand this lead is used fgower up(if not already on}jhe stove
controller, generate the alarnand resesthe idle timeout To minimize damage to either the opto or
driver from miswirestwo series connected curretimiting resistos are used. One at the greenhouse
driver and the other at the wood stove controller.

In additionto freeze notificationthe greenhouse controller pulses the freeze sijoaR00Omseach time

it turns on the basement fan to bring in warm air into the greenhouse and at 0 and 30 minutes past the
hour whenever the basement fan is runnifigcmware ignores these short pulses and does not trigger
the freeze alarmThis ensures the woodstove controller is on whiea fan srunning. When the wood
stove controller is on so is the fresh air duct fan bringing in makeup air preventing depressuiazation
warm air is being pumped into the greenhouse

I wanted toimplementsome sort ofgreenhousecontrollerhealth montoring. Asecond optocoupleis
connecedto greenhouse sensor 5V and ground. This is pretty casitsonly monitors loss of power
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To accommodate future upgrade where the controllers talk to one another | drove the Greenhouse OK
LED froma PLGutput rather than directly from the optoThis allows firmware to control OK L&bte.

If loss of GH 5V is detected the GED's turned off and anotification email is sent. enindicates
normaloperationandflashing red indicateBeeze warning

Automatic Power Down

Normally mwer down isperformed undersoftware control. Software constantly checks to see if there is
any reason to keep the system powered ifmot it entersthe idle stateandsets a timer If nothing

takesit out of idle it shutslownwhenthe timerexpires If the unit is in heating mode the idle timer is
set to55 minutes if not to 35. In heating mode por to shut down an end of session email is sent,
logging beginning and end temperaturassthe stove and % floor closet The timeouts are longer than
the greenhousdan notificationperiod so the controller will not inadvertently turn itself offhile the
greenhousérasementfan is running.

Rocker Switch - Off

Pressing the front panel rocker switch off forces controller dbuin if other hardware inputs are not
maintaining the on conditionTheswitchclamps the base of the software controllkdep alive
transistor to ground andesets e power upone-shot. If none of the other hardwangower upsignals
are active differential stovetemperatureandgreenhousdreeze) the systenmmediatelyshutsdown.
If they are active the shutdown attempt is ignored.

DCPower Distribution and Control

Pawer is provided by a 9 volt 1 amp switching supgtgwer supply is a walart type unit plugged into
the AOmodule subassemblgttachedto the front panel ACmodule consists of an IEC power inlet, 1/2A
mainsfuse, NEMA 5 receptacle for the wall wart and a solid state relaprntrol PIDmodule power

Controller has twgower modes standby and runln standby onlyystem activatiorcircuitryis
powered.The aux 5v feed ialwayson; everything elsds off in standby mode because the switched 9
volt bus igurned off. A 7805 linear regulatagenerates theaux Svusedto operatestandbypower
control logic.

During run timehe switched 9volt bus is turned on activating theLCPID controller SSRater temp
display fresh air fan(auto mode) andwork light The PID controller operates froACmains power so a
low current SSR is used to tuits power on and off.Power up control logic uses a wir€R
arrangement allowing multiple logic signals to activate the system.

When system is activewitched 9V powers the SSRs and audible alarms to insure power to thesesdevice
goes away before switched 5V control logic becomes unstab&PLC controllegupplies 5 voltsto
powerthe LED combinatorial logiepen collector driversind LEDs

If AC power is lost and restored the system automatically powers up. This insigrastiteevenif

power is restored while stove is openadj and there is not enough difference in temperate between the
stove and controller to turn it onThe idle timeout functions wiventuallycauseshut down if it is not
needed. When AC is restat¢he audible alarms chirp and the S&Re momentarily activated a3LC
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stabilizes. Since this is an infrequent occurrence it is not a concern. This only occurs when AC power is
restored not when the unit activatégeactivatesnormally.

During standby 91DC current consumption is $08a(65ma if fresh air fa®SRs on)resulting h about
1W AGpower consumptionRun timeDCcurrent consumption ig75500ma(PLClogic SSRsyhite and
statusLE). ACpower mnsumptionis: fresh air fan(43W), ar circulaion fans(23 W 1 fl + 60W 2" fl)
andpreheatpump (34W)

LED Indicator Logic

The other major logisubsystentontrolsthe variousLED indicatrand SSR§&lue andair temperature

use tri color blue, green, red LEBlue indicates too cold, green acceptable and red a dangerous over
temperature. A bicolor green/red LED indicates greenhouse status. @wieatessystem is alive and

red afreeze warning. A green LEDurned on whenever thpreheatwater pump is running The fresh

air fan is controlled directly by a front panel toggle switch. The switch routes either constant or switched
9V to the fan control SSR. A green LED above the switch displays fahattiteam amberLEDSs used

to indicatesystem is poweed. It ison duringboth standbyand runmode.

Alarm condition causes theespectiveLEDo turn red andflash.The flash feature is implemented in
hardware.The PLAPCB has a flashihgalth indicator This signal is used to gate the red alarm LEDs
causng them to flash

SSRs and Audible Alarms

SSR andudiblealarm outputs arenhibited by the power up oa shot. Thigpreventsthese outputs
going activeuntil the PLC gains control of the systéPLC firmware controls the fan and pump SSRs and
both audible alarms.

Areedrelay maintairs metallicisolation between stove controller arttie loud alarmsystem Tosound
the loud alarm thé®LQurns on thealarm relay simulating a normally open temperatsensor
activating he loud alarmhorn. A discreé transistor driven high by the controlleontrolsthe relay.
Using a transistor driven high eliminates spurious famas the controller is powered up and down.
UROM4 is used to enable/disable this feature.

Field Wiring

A 12positionand 4postionJonegerminal strips connectthe variouslow voltagefunctions.Threehigh
current SSRare mountedon the chassiso control fars and water pumpPower and data cables enter
through the rear of the unit.

Fourcables connedb the front panel:

IEC €13 ACpower

DB15 LVchassis wiring

Hue thermocouplds attacheddirectly to PID controllef C input
RJ45 UTP Etherndbr web server

o
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Low Voltage

AC

1.

Hue thermocouple; leads are brought directly into the chassis and connect to the PID
controller TC inputs. Thaiminates need to usa special thermocouple connector and
extension cable. The TC has an exposed protective metal braid. | added heat shrink insulation to
the portion near the controller to prevergccidentalhorts. White and reddots painted on the
PIDTC inputerminals indicatecorrect TQablepolarity.

Stove thermistoi; the 10k NTC thermistdsty-wrapped to the thermocoupleablenear the
stoveflue pipe This provides rapidensing of increased temperatéhenfire is started while

not exposimy it to excessivly hightemperature.

Greenhouse status arfdeezealarnt +5, groundandfreeze leads from greenhouse sensor
cableare brought into the controlleto drive GHOK and Freeze oo

Display and PL@eheat tank temperature sensogsa 4-postion terminal blockocated near the
preheat tanksupplies +5, gund, controller data and dispy datafor the two sensors. The cable
continuesup to the second floor near thapstairsfan to monitor air temperature far away from
the stove.The disphy data drives the front panel temperature display. Curretitige PLC
sensorsare in usepne located on preheat tank and another it{ foor to monitor distant air
temperature. A third sensor is mounted under a protectivél on the controllerfront panel to
measurebasementair temperature near the stove.

Loud alarnt; a normally openrelay simulatsan unsupervisefire alarmsensor A 4pos

terminal strip provids access to both the normally closed and normally ofeer alarmwiring.

The controlle is connected to the normally open pair. The high temperature sensor located in
the ceiling over the stove is connected to thermally closedupervised pair.

Stove Work Light awhite LEDs mountedon the ceilingabovethe stove. To dress it up a little
mountedit on a piece of aluminum step flashing and cut out a circular insulator from a piece of
Teflonto protect the soldered connections

An Ethernet cable connects the WebControl LAort. TheLANEthernet switchis located
behindthe controllerso | just ran a patch cable from the controller to the switch rather than
installing a0 NBHthieréet drop to the chassis as | did with the greenhouse controller.

IEC C13 receptacle brsWyC to thecontroller.

Three classis mounted SSRs are hardwired to AC wiring.

Preheat circulate pmp is hardwired tgoump control SSR

Fresh airdnis plugged into a dedicated receptacle behind the stove controllatsISSR

A pair of small computer fans plug into a dedicated recelgtéocated above the stove

blowing air up through a grate in the floor. Another fan, plugged into a dedicated receptacle
in the upstairs closet blows air back into the basement. Fans are controlled by an SSR.

a s wDnNPe
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Appendi&chremati c

Except for SSR&d feld wiring terminal stripgll major components are mounted othe front panel. A
small plastic enclosurisolatesAC components: IEC inlet, fuse, NEBALSR socket for D@ower supply
and a small SSR switchPID controller power.

Interfacelogic is mounted on a 4x6 proto board and the WebComR@B isnounted on standoffebove
it. A DBL5 male socket connestow voltage wiring in thehassis
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