Home-Rolled Flame Detectors

During a period of indecisivenes®ver whetherto buy a commerciallymadeflame
sensorsuchasAcroname'dR flame sensoior Hammatsu'dJitraviolet flame sensor]
experimentedvith somelR phototransistorso seeif it would be feasibleto design

our own. The first tried was a Radio Shack part. Unfortunately the ambient overhead
flourescentighting hadmoreeffectthana candleflameon thisdevice. It wasevident

that both optical filtering and focusing would be requiredto make this feasible.|
orderedevery photo device in the Electronic Goldmine catalog along with some
mirrored flashlight type reflectorsand someKodak 87C IR filter material. | also
salvaged the IR lens material out of an old passive IR motion detector.

The photodevicesfrom the ElectronicGoldminearrived mid-March,about1l month
from the Trinity Fire-Fighting Robot Contestdate. With little time to spare,they
were experimentallytestedin the Ward Collegelab, and within a few days,it was
determinedone set of devicesperformedbetter than all the restin our IR-noisy
environment (energy-savingelectronic ballast flourescent lighting). These were
unmarkedHoneywell IR phototransistorsn a tiny black rectangulampackage.The
Electronic Goldmine part# for theseis G9412. Evenwith a reasonablyhigh value
collector resistorof 27K, the overheadlighting did not evenbeginto turn on the
device. Yet a small flame at a foot or more distance easily saturated the collector. The
only problemwas the omni-directionalpickup pattern:it would pick up a flame in
almostany direction,makingit impossibleto determinewhatdirectionit wascoming
from. Someexperimentatiorwith flashlight type silveredreflectorswastried. This
ideawasdiscardedvhenit becameapparentheincreasedpticalgain wastoo much,
andhadhighergainatvisible 500-750nM. light wavelengthghanat the desired900-
1000 nM. Infra-Redregion. While scouringthe junkboxes,a better solution for a
narrow aperturehousingwas seen: Black plastic WaldomWN-10 Wire Connectors
for twist splicing AWG-10 housewiring. After removingthe springsfrom severalof
these,2 small holeswere drilled to allow the phototransistoteadsto exit, and the
deviceswere gluedabouthalfway into these"housings".Threewere mountedon the
undersideof the robot'supperdeckat approximately7.5" heightabovegroundusing
tie-wrapsand adhesivebackedclamps,facing to the front, right, and left sidesat a
slight downtilt angle. Ratherthan run the phototransistooutputsdirectly into the
Basic Stampll, it wasdecidedto add comparatorcircuitry with a small amountof
hysteresis. A thresholdreferenceof 1/2 Vcc would be employed,which should
reduce false triggering.

The home-rolledflame detectorsworked very well. The valuesof R4, R5, and R9
wereadjustedsothatthethe left andright sensorgould spota flame 2 feetawaybut
the front sensomwould havelessgain (for zeroingin on the candle)andwould only
toggle when within 12 inches.

The sodiumlighting swampedour flame sensors. Luckily we hadsomeKodak 87C
IR lowpassfilter materialwith us. This material passe€900-1000nM and longer
wavelength IR light but rejects all visible light under 800 nM.

We glued small piecesof it over all our sensors, the flame sensorsand the object
proximity sensors. After hours of fine tuning, we finally got "Willitrun" to complete a
qualifying run - finding and extinguishing a candle - we were in!



KODAK WRATTEN INFRARED FILTER No. 87C:

100
a0
a0
70
60
a0
40
30
20
10

]

g:n—'mm—'gmzmﬂq

Jo0 750 800 B850 900 950 1000 1050 1100
Wavelength - nm.

reproduction from Edmund Scientific Industrial Optics cataloy, p.61

The home-rolledflame detectorsworked so well, we had a coupleof peoplein the
businessask aboutour design.The Kodak filter film really helpedcut the ambient
light interference. The modified AWG#10 splicing connectorhousingsprovided
abouta 30 degreeaperturewide enoughto sensea flame by passingoy it in motion,
and narrow enoughto zoom in on it off the front sensor.The home-rolledflame
detectorsworked so well, I'd usethem again. Perhapssome addedcircuitry for

programmable stepping.



Pl Lz
c rl BACE LED r1
24 7 z5
ESz-T10 .y )_._._H_._._«_._
LAl Tl Dz Tl
[FALEIEE 15 FRDN; LED "
SHEa Za
—o—))—o—o-m-o—o—«—o—u
1 Ea Za
rl |[e-#) 13
5 1-33&1 04 Pl L4 1
ESZ-T5 - R0 2h| BEIZHT LED
Zh 14 A 15 TSV
I|}-¢ﬁ£b 1k )—Q—Q-K]-o—o—((—o—u
EL 0ok
- o5 Rz7
40 EHz clock 5 LEFT LED H 70
—o—»—o—o—K]-o—o—((—o—q
+ 5%
7 +3v

-PJL —:Iica —Em

us
1k ' 47uF zZuF Pz rz
EEE w ] 1 Fan Motor
J‘nd Ucc&‘ —
¥ Trg Dis - BLY1
D1t Thr| SUCOIL hd
=t Cel1F oE
b
+EV | g
1 a Ly =]
—|—2|:||:|on B -
* Pl
za
= FSz-P11 |
Pl
1
+5T7 1l mio +517
3 31 = 7ELO5
IN ouT
cg ca
Pgl v47uF | com 2 ZaF
. 1 =
— 4
13
PE e PE 4
e Left Theel Encoder _r‘—?’ Pight Wheel Encoder
= D& - bs
re SLEDL s SLEDL
BES B3l
470 470
+EV +EV
- _ - e
Bl 4C78m= con 22317

X
_4'_ Pl =
= 4

o +5V o +5W
14:] R30
100k p4 100k p7
ESz-Pz FSz-P2

5
PS5 2 P3 1
¥ Left Theel Encoder rﬂ Right Wheel Encoder

D2 D3
133 “LED'L P2 ““LED'L

RZ3 B3l
470 470
+5V +5V



Willitrun Firefighting
Robot, Sensor Board
Rev. A 4191989 R.Klimas

note: BS2 = Basic Stamp |l
O pin connection.
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Bill of Materiasfor Fire-Fighting Robot Sensor Board:

Item Qty. Label-Vaue Attributes Designations

1 6 22uF Tantalum cap. C1,C2,C3,C4,C7,C9

2 1 10uF Tantalum cap. C5

3 2 ATuF Tantalum cap. C6,C8

4 1 .002uF Silver mica cap. CT

5 1 DIODE 1N914 D1

6 2 DIODE 1N4004 D6,D7

7 1 BACK IRLED LTE-2872, E/G G8312 D2

8 1 FRONT IR LED LTE-2872, E/G G8312 D3

9 1 RIGHT IR LED LTE-2872, E/G G8312 D4

10 1 LEFT IRLED LTE-2872, E/G G8312 D5

11 1 Fan Motor R/S 273-223 M1

12 1 Berg header 34 pin P1

13 8 w/w header pin single pin connector P2,P3,P4,P5,P6,P7,P8,P9

14 1 Front Flame detector, E/G G9412 Q1

15 1 Left Flame detector, E/G G9412 Q2

16 1 Right Flame detector, E/G G9412 Q3

17 1 Left Wheel encoder, E/G G8669 Q4/D8

18 1 Right Wheel encoder, E/G G8669 Q5/D9

19 10 10k Resistor 1/4W R1,R3,R6,R8,R10,R12,R13,
R22,R24,R26,

20 4 5.6m Resistor 1/4W R2,R7,R11,R23

21 3 12k Resistor 1/4W R4,R15,R16

22 2 27k Resistor 1/4W R5,R9

23 4 120 Resistor 1/4W R14,R17,R18,R19

24 2 1k Resistor 1/4W R20,RA

25 2 4.7k Resistor 1/4W R21,R25

26 1 180 Resistor 1/4W R27

27 2 100k Resistor 1/4W R28,R30

28 2 470 Resistor 1/4W R29,R31

29 1 8.2k Resistor 1/4W RB

30 1 5VCOIL Form 1A relay RLY1

31 1 Switch, on/off SPST S1

32 1 7415153 DIP16 dua 4-1 Mux. Ul

33 1 LM339 DIP14 quad comparator u2

34 1 Back IR RCV module, R/S 276-137B U3

35 1 Front IR RCV module, R/S 276-137B u4

36 1 Right IR RCV module, R/S 276-137B us

37 1 Left IRRCV module, R/S 276-137B U6

38 1 555 DIP8 timer IC us

39 1 7415156 DIP16 dual 2-4 Decoder U9

40 1 7805 TO-220 5V regulator u10

41 1 none Kodak #87C IR filter none

42 1 none PC board, R/S 276-158B none

43 8 none 16 pin w/w sockets none

44 3 none Waldom WN-10 wire conn. none

notes: E/G = Electronic Goldmine catalog item

R/S = Radio Shack catalog item

The Waldom WN-10 wire connectors were converted to
Flame detector housings by removing the wire
twist-splice spring, drilling two 0.040" holes

for the detectors, and covering the aperture with

Kodak #87C IR optical low-pass filter material.

The same materia was applied to the 40 Khz IR Revrs.



