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This repor t describes the background , specifications , des ign , developme nt,
construction and evaluation of an airborne integrated fire and overheat warn-
ing system known as the IFOS . It was bu i l t  to i l l u s t r a t e  the poss ibi l i ty  of
providing fire and overheat detection capability with a high degree of
re l iab i l i ty.

The IFOS consists of six ultraviolet flame detector heads , two overheat—
sensing thermistor cables , a central computer uni t , a crew readout unit to —
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indicate fire and overheat conditions 1 a maintenance warning unit to indicate
component failure. The system is self—testing to an important degree and
completely automatic in operation .

Three such systems were constructed and extensively tested. Tests included
operation under various conditions of input voltage , temperature and altitude.
Response times to fire and overheat conditions were measured, arid one system
was subjected to vibration , shock , humidity , salt spray and electromagnetic
interference tests . In addition, a theoretical study of reliability was made.

While the above tests uncovered a number of design weaknesses , all of these
defects could be overcome in designing an improved model of the IFOS. It is
concluded that a high reliability , automatic fire and overheat detection
system is definitely feasible.
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1. BACK ;R~ UND

Most operational Air Force aircraft are equi p ped w ith uverheat sen-
sors for fire and overheat detection . These systems do not offer adequate
fire detection capabilit y , a~ evidenced by their inabilit y to detect a
large percentage of the engine nacelle fires in Air Force aircraft. In
addition , these systems are highly suscept ible to f;jlse alarm s which result
in aborted m issions , high operational and maintenance costs and in a few
instances , loss of aircraft and lives.

In the 1960’s , the AFAPL ri g inated the concept of the Integrated
Fire and ~‘.erheat Detection System which , because of the system ’s elec-
tronics and the redundant and overlapp ing coverage provided by the radiation
sensors ar.d o’.t~rheat cables , significantl y increased the hazard detection
capability and reduced or eliminated the raIse alarm problem associated
w ith present day detection systems . This system concept consists of
radiation sensors for s i re and overheat cables for overheat detection , to-
gether with a microcircuit for signal processing , thus providing comp lete
hazard de tec t io n capability for the engine nacelle of an aircraft.

The objective of this program was t o  develop a flight qualifiab le
Inte grated Fire and Overheat Detection System with potential app lication
for the engine compartments of an advanced multi—engine bomber/transport
aircraft. This system is to distinguish between a fire and an overheat
condition and provide hig hly reliable hazard detection capab ility.

Three complete svstec~ , with spares , were delivered to the Air Force
in. 1976 for eyalc~ation.

2. C~ N E R A L  DES CR I P T I P OF SY STEN

Ihe svs t e— developed under this program consists of six ultraviolet
radi ation d~~tect~~r heads for detecting eng ine compartment fires , a dual
loop overheat cable for detecting overheat conditions in the engine com-
partment , a computer control unit , a crew readout unit and a maintenance
warning unit. See Figure 1. Each radiation detector head contains two
ultrav iolet radiation sensors and the dual ioop overheat cable were
developed fo r mos rting in the engine compartment of an aircraft. The
conputer control unit and t h e maintenance warning unit were developed for
installation into an aircraft electronic bay . The readout unit was

~eveloped for installation into the aircraft crew compartment.

3. SYSOM SPECIFICATION S

The exact , de tailed specifications for this system are found in Air
Force Contr act F336l5—72—C— l053 , and in the Military Specif ications to
wh ich this contract refers. For the convenience of the reader , these
sp ecifications ire summarized below .

L - -
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Figure 1. The In tegr ~ ted Fire and Overheat System
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3.1 Resp onse to Flame

Each engine nacelle Is monitored by all s ix flame detector heads of
the IFOS. If one or more of these heads detects a flame , the FIRE indica-
tor on the Crew Readout Unit (CRC) is turned on. The sensitiv ity of each
head Is such that a burning 5—inch diameter pan of gas o l ine  or JP4 fue l
is readily detected at a distance of 4 feet. The FIRE indicator comes on
within .5 second of exposure to flame , and goes out within 1.5 seconds of
removal ot the flame .

3.2 Fl ame Detector Self—Check ing Features

Each detector head Is furnished with a small UV source lamp . Th is
lamp is autom aticall y energized for .1 second every 14.4 seconds. If a
sensor tube do~ s not respond normally, an indicator , numbered to corres—
pond to the sensor tube , is energized on the Maintenance Warning Unit
(MWU).

Normally , both sensor tubes in any one detector head respond to the
same rlam e . If only one tube of the pair generates an output , this is
disregarded as being false if the other tube had a normal response to the
most recent test, If , on the other hand , the second tube had not responded
normally to the ru- st recent test , then th e output from the first tube is
taken as indicating a fire , and the FIRE indicator Is energized.

It is planned that the six flame detector heads will be dep loyed in
such a manner that any fire will cause an output from at least two
adjacently—numbered heads. (Numbers considered to be adjacent are 1 and 2,
2 and ~, 3 and 4 , 4 and 5, 5 and 6 , and 6 and 1.) The sys tem is designed
so that if all four sensor tubes In any two adjacent heads fail , the FIRE
FAIL indicator of the Crew Readout Unit will be activated b y me ans of a
latch ing relay. This relay can be reset only by pressing the F.ESET button
on the ~~~~ A l s o , the rela y prevents the FIR E indicator from being activated
by an~’ head until the relay is reset.

3 .3  Response to Overheat

In add ition to the six flame detector heads , each eng ine n a c e l l e  is
monitored by a dual—loop overheat cable. This consists of two fifty—foot
Edison thermistor cables , installed side—by—s ide .

If any portion of both cables is heated to a temperature of 398.8°C
(750 °F ±37.5 °F), then the OHEAT (overheat) indicator of the CPU is energized.
The ala rm Is given within 5 seconds of the app l ication of an 815.5°C
( 1500 °F) overheat condition , and is extinguished within 30 seconds of the
removal of the overheat condition.

3. 4 Ove rheat Detection Testing

The electr ical continuity of each cable is tested once ever 14 .4
seconds. If a cable is “open ,” tha t is , does not exhibit electrical con—
tinui tv , the appropria te CABLE indicato r is energized on the M~U .  A l s o , a
very sudden decrease in cable resistance at any time is taken ti indicate
a defect in the cable of the “short circuit ” type , and again the appr -;pr iate

3
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CABLE indicator is energ ized .  (An overheat  cond i t ion  is d i s t i ngu i shed
from a cable short by the fact that the former causes a more gradual de-
crease in cable resistance.)

NorTrall y, both cables respond In the same way to a given overheat
conditi on by virtue of their side—b y—side physical configuration . If
only one cable of the pair generates an output , th is is d isregarded as
be ing false if no defect has been detected in the other cable . If , on
the other hand , an open circuit or a short circuit has been detected in
the second cable , then the output of the first cable is taken as indIcat-
ing an overheat condition and the OHEAT indicator is energized.

If both cables are found to be defective , the OHEA T FAIL Ind ica tor
of the CRU is energized by means of latching relays . These relays can be
reset onl y by pressing the ‘ RESET ” button on the ?-IWU . Also , the se relays
prevent the OHEAT indicator from being activated until the re lays are
reset.

3.5 Othe r Self—Checking Features

Part of the electronic circuitry be tween the sensors and the indica—
tor lamps is automaticall y tes ted every 14. 4 seconds. If signal contin—
uitv is not verified , the CCU (central computer unit) indicator on the MWU
Is energized.

The output voltages of the various power supp lies of the Central
Computer Unit are continuousl y m cnitored. If the supp ly vol tage for the
UV sensor tubes rises above 85O~’ or f a l l s  bel ow 750V , then the FIRE FAIL
AND CHEAT FAIL indicators of the CRU are energized , as is the CCU indicator
of the MWU . A similar response is obtained if a failure occurs in the
300V supp ly, the +5V supply , or the —SV supp ly.

Since the IFOS logic circuits are of the synchronous type , an elec-
tronic timing clock is emp loyed. The clock oscillator is continuously
mon it ored , and its failure will result in the energization of the FIRE FAIL ,
OHEAT FAIL and CCU Ind icators.

If the primary power supp ly to the entire Central Computer Unit is
interrupted , the FIRE FAIL and OHEAT FAIL indicators are activated.

• Al though the IFOS has a high level of reliability achieved by redun-
dancy and self—checking circu itry , it is not comp le tel y pre:ected against
all types of failures such ~s an indicator lamp failure or a relay contact
failure .

3.6 The Maintenance Warning Unit

The MWU Is designed to indicate to service personnel when maintenance
work on the IFOS is needed , and to p r u v i d e  some d iagnos is  of the t roub le .

There are twelve UV Indicators , one for each of t he  twelve sensor
tubes. Each Indicator Is activated It Its sensor tube does not respond to
the te st signal described under 3.2 , ah ve .

4 
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There are two “Cable ” ind ica to rs , labeled CABLE A and CABLE B. If a
cable tests “open ,” or if a shorted cable is inferred (see 3.4), then the
appropr iate cable indicator is activated.

The remaining indicator on the MWU is labeled CCII for Central Com-
puter Unit. This indicator is activated when the 800V power supp ly vol tage
rises too hig h or falls too low , when the —5V or the +300V power supp ly
f a i ls , when the clock oscillator stops , or when various automatic electrical
tests of the signal circuitry indicate a fault.

A l l  of the  ind ica to rs  on the ~1WU are ac t iva ted  b y l a t c h i ng re lays .
Once c lo sed , these relays rema in closed until intentionally opened by
press ing the RESET button on the MWU front panel. Thus, fault indication
is retained even when the electrical power i s turned of f , and even if the
fault is interm iten t in appearance.

3.7 Power Requirements

- • The IFOS is designed to operate from a direct current power source
with a potential difference of from 18 volts to 30 volts. Approximate
standby current require m ents for a 28 volt source are:

CCC : 1 .2  ampere
MWU :  .120 ampere
CRC:  .035 ampere

3.8 Temperature Range

Operat ing and storagc temperature ranges for the various components
of the IFOS are :

Operating Storage

CCL’ —40°C to 85 °C —65 °C to 150 °C
—40°C to 71 °C — 65°C to 150°C

CR11 —40°C to  71°C —65°C to 150 °C
UV Heads —54°C to 260°C —65 °C to 260°C
OH Cables —54°C to 815.5°C —65°C to 815.5°C
Connec tion Cables —54°C to 110°C —65 °C to 110°C

Add iti o n a l l y ,  the UV heads are designed to withstand 1093°C for  one
m inute .

3.9 Other Environmental Specifica tions

The CCU , the UV heads , and the connec ting cables  are designed to
operate at all altitudes from sea leve l to 70,000 fee t. These units are
also designed to w ithstand salt water spray , 20g of shock , and high
humid ity, as specif ied in MIL—STD—810A . All sections of the IFOS are
des igned to perform satisfactoril y under  l5g of vibra tion .

Compliance with MIL_STD_46lA* insures freedom from electromagnetic
i n t e r f e r e n c e .

*Certajn sections of this Standard were waived by the Air Force for the
d e l i v e r e d  equipment .
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3.10 Size and Weig h t

A p p r o x i m a t e  dimensions and weig ht  of each IFOS component is shown in
Table 1. These dimensions neglect the protruding cable connectors and
mounting brackets.

3.11 Maintenance Aids

The MWU , discussed in 3.6 above , is the pr imary  d iagnos t i c  a i d .  A
test jack is provided on the CCU to enable service personnel to quick ly
measure twenty—one critical voltages without opening the case.

• Table I

Dimensions  and Weigh t s  of IFOS Components

Component Dimensions

CCII 7—1 /2 ”  x 12” x 19” 30 l b s . ,  13 oz.

MWU* 6” x 6—1/4” x 9 — 1 / 2 ”  6 l b s . ,  11 oz .

CRU* 5— 1/2 ” x 5—1/2 ”  x 8” 4 l b s . ,  4 02 .

Flame Detec tor  Head 4—1/4”  x 3” x 3” 2 lb s . ,  2 oz.

Overhea t  Cables ** 1 l b . ,  7 02 .

Detec tor  Cable 3/4 o z/ f t

*Not including shock mounts , mount ing plates and straps

**Two cables , each composed of three 16—foot  cables in se r ies .

6
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T I

FLAM E DETECTOR H EAD

1. THE EDISON U/V SENSOR TUBE

1.1 The h e a r t  of t he  IFOS f lame d e t e c t o r  head is the pa tented  Edison
ultraviolet radiation detector , shown in Figure 2. This device is
essentiall y an ultraviolet—sensitive Geiger—Mueller counter tube , respond—
Ing to radiation from 1900 A to 2900 A. W h i l e  such r ad I a t i on  is emi t ted
by f l a m e s and arcs , it is seldom found  w i t h i n  the E a r t h ’ s atmosphere from
other sources , incl ud ing the Sun , fluorescent lamps and incandescent
lamps. Thu ~, the Edison tube is unlikely to generate a false alarm.

Advantages of the Edison sensor tube over other flame detector
devices  are many . The y incl ude:

a) Freedom from false a larm s , as d iscussed above
b) High sensitivity, due to gas amplification within the tube
c) Proven reliability
d) Low cost
e) Ability to operate over an extreme temperature range
f) Rapid response
g) Repeat capab ility, which is ability to operate during successive

fires
h) Mechan ical ruggedness (wi th regard to shock and vibration)
i) No sensitivity to humidity, wind , or changes in atmospheric

pressure
j) A large output signal

Disadvantages of these sensors are :

a) High—voltage power supplies are necessary for tube biasing
b) The sensitivity of the sensor decreases wi th increasing

temperature
c) The tube charac teristics change somewhat with aging and storage
d) A thin fIlm of oil or gasoline between the tube and a flame

absorbs much ultraviolet light and thus greatly reduces sensitiv-
ity. (Such a film might occur , for example , when engine oil or
fue l i~; sprayed onto a tube envelope.)

Ed ison Electronic s , at present , manufactures two different types of
sensor tubes , the Mark I and the Mark II. A specially—screened Mark II
tube is used for the IFOS. The following are some of the details of the
sensor tube ’s constr uctIon :

Outside Diameter: 1.125 inches
Overall Leng th: 1.625 inches
Glass Envelope : Ultraviolet transmitting glass
Glass Stem : 7720 Nonex
Stem Leads: Nickel—tungsten
Elec trodes: Tungsten

7 
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Further details of tube construction and theory of operation can be found
in re fe rences  ( 1) — (3).

1.2 Circuit Properties

Fig ure 3a show s a basic c i r cu i t  fo r  Geiger—Mu el le r  tubes . The signal
output  cons is ts  of random e lect r ical  pulses when the tube is s t ruck by
weak radiation. Intense radiation may cause the tube to conduct continu-
ousl y. The series resistor is always necessary to permit “quenching ” of
the tube—— that is , restoring the tube to its original condition after each
discharge .

Three s imp le var ia tions of this  c ircu it are shown in Figures 3b , 3c
and 3d. Also , small capacitors can be added in various places to modify
such characteristics as pulse width. The circuit of Figure 3d is used
for the IFOS.

Important dynamic properties for this sensor circuitry include :

a) Sensitivi ty to ultraviolet radiation from a flame .
b) Response to sunligh t , here af ter re fe r red  to as “long—wave

response.”
c) Output resulting from cosmic rays and environmental radioactivity ,

r e f e r r ed  to as the “back ground count .”
d) Output resulting from no discernible cause , r e fe r red  to as “self—

exci tation .”
e) Occurrence of “mult iple counting ,” where one discharge leads to a

chain of one or more following discharges.

These dynamic proper ties are a function of the supp ly vol tage , the
tube tempera ture , the values of circuit resistance and capacitance (stray
or intentional), the past history of the tube with respect to storage and
usage , and the individual tube——different tubes of the same lot number
vary somewhat in their characteristics. The basic design problem was to
devise an arrangement which , under all operating cond itions , has satis-
fac tory sensitivity and freedom from false alarms . This prob lem was
solved by a combination of tube screening , circu it design , and signal
processing.

It was found that adequate sensitivity to ultraviolet radiation could
be obtained b y sc reening the sensor tubes at wors t—case  conditions (see
sect ion 1.3) . S e l f — e x c i t a t i o n  problems were el iminated b y using an 800—
vol t square wave to bias the sensor tube , rather than the usual direct
current. The “multi p le coun t” problem was grea tly alleviated by use of a
nonretriggerable monostable circui t which is triggered by the first pulse
of a t ra in  of pu l ses , and wh ich blanks out closel y—follow ing pulses.

The longwave response problem and the back ground—count problem were
el iminated by additional screening of the sensor tubes and by use of a
d i g i tal pulse counter. This counter circuit gives an output signal only
if e ight or more counts are received from the sensor tube in a period of
2.4 seconds.

9
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Figu re 4 shows a simp l i f i e d  schematic of the c i rcu i t ry  associated
with each sensor tube. The two compara tors amp lify the pulse outputs from
the sensor tube to a standard five—volt level , while the functions of the
monostable and counter circuits were described above . The operation of
the circui try is described more fully in section 1.2 of Chapter IV.

1.3 Sensor Tube Screening

Ediso n sensor tubes for  use in the IFOS are screened by two separate
procedures. One procedure is to insure adequate sensitivity to flame and
the other is to insure adequate freedom from false alarms . For both pro-
cedures the circuit of Figure 4 is used , with an electronic digital counter
attached to point X.

To screen the tubes fo r adequate flame sens i t iv i ty , each tube is
p laced wi th  i ts ele ctrodes twelve inches from a standard propane flame .
(This is a flame of pure propane gas burning in air , the gas emitted
through a .02 inch orifice , and with pressure adjusted to give a flame
1—3/4 inches hig h . )  The tube is operated under the hi ghest  design temper-
ature 260 °C (500°F) and the lowest design supp ly voltage (750V), since
these represent worst—case conditions for sensitivity to U/V light. Tubes
are accep ted fo r  serv ice onl y if they supp ly at least fifty counts per
second to the digital counter.

IFOS specifica tions require that the system respond to a five—inch
d iameter gasoline flame four feet away within one—half second . Now it
has been found that a sensor tube which gives fifty counts per second from
a standard propane flame will give 31.25 counts per second from the above
gasoline flame . In one—half second , which is the desired maximum response
time , about sixteen counts would result. Thus , a f ire alarm would be
generated , * as on ly eight counts are needed in a 2.4 second interval.

Unfor tuna te ly ,  there are some complications to this argument. First ,
the count rate is subject to statistical fluctuation , due in par t  to the
random nature of photon bombardment of the sensor tube. Thus , even though
the average sensitivity of the sensor tube is 16 counts per .5 second ,
during some .5 second intervals  less than 16 counts w i l l  be received.
Secon d , t here Is the f a c t  tha t  every 2.4 seconds the d i g i t a l  counte r of
Figure 4 is reset to zero. Now if a fire starts just before the reset
pulse , the counter might be reset to zero before eight counts are accumu—
lated , and thus perhaps 15 counts  would be required in the .5 second
pe r iod to g ive a f i re alarm.  Third , there Is the fact that the clock rate
of t he IFOS m i g h t  possibl y d i f f e r  by as much as 20% f ro m the des ign  alue ,
changing the 2.4 second reset time to 1.92 seconds , lead ing to a further
leng thening of average response time . Fourth , one must take into account
the fac t  that the system is disabled (for testing) for .12 seconds every
sixth reset time . This , too , w i l l  lengthen average response time .

By assum i ng that  the counts obtained in a given t ime Interval follow
th e well—known Poisson d i s t r i b u t i o n  func t ion , it is poss ib le  to ca lcu la te

*It is here assumed that the other sensor t ube in the head has failed , and
thus only one tube is needed to generate the fire alarm .

11 
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the probability that a fire warning will be obtained within .5 second .
These calculations are given in Appendix I, and Indicate that the fire
alarm will be given in .5 second 9~

. . 3% of the t ime . To conf i rm these
ca lcu la t ions , a number of exper imental  response time measurements were
made . There was excellent agreement between the calculations and the
measureme nts .

Now with both tubes in one head required to generate an output for
the f i r e  s ignal to be g iven , the probability of rap id (.5 second) response
wil l  be a few percent less , si nce a fire signal mus t await the slower of
the two sensor tubes. But with two separate heads responding to the same
fire (the normal case), the probability of rapid response will be greater
than 99% , as he re the f a s t e r  head w i l l  generate  a f i r e  s igna l .

It should be noted that these calculations are for worst—case con-
di tions , where the sensor tube is operated at maximum temperature and
minimum vol tage . It  is also assumed tha t  the sensor tub e has the minimum
acceptable s e n s i t i v i t y , and tha t  the f i r e  Is of minimum intensity and
maximum distance f rom the head . Under average conditions , response to a
f i re wi l l  be ob ta ined  wi th in  .5 second v i r tua l ly  100% of the time .

To screen the sensor tubes for freedom from false alarm , each tube
is placed wi th its electrodes twelve inches from a li ght source which
simula tes intense sunlight. (This is a 200 watt tungsten—halogen lamp
with a 2 mm thick Corning 054 filter.) The tube is operated with the
highest design supp ly voltage (850V), since this represents worst—case
conditions for the generation of pulses from the longwave response , from
background counting and from self—excitation. Tubes are accepted for
service only if they register not more than 5 counts in a ten—second test
in terval , the tests being made at both —53.8°C (—65 °F) and 260 °C (500 °F).

Now 5 counts in ten seconds implies 1.2 counts in 2.4 seconds , where-
as 8 counts are needed to generate a fire signal. However , again there
is statistical fluctuation of the number of counts , and during many 2.4
seconds , three or more counts will be received. Further , the clock rate
of the IFOS might possibly differ by 20% from the design value , changing
the 2.4 second receptive time to 2.88 seconds , and thus increasing the
number of counts registered .

By assuming that the 5 counts per ten seconds follows a Poisson dis-
tribution , the probability of a false alarm can readily be determined .
This calculation is made in Appendix II, where It is found that the
average time between false alarms is 6.04 hours if one tube can generate
a fire alarm and 46,000 hours if both sensor tubes in a given head are
needed to generate a fire signal , as Is the normal condition. With six
fu l l y func tioning flame de tector heads in one system , the average time
be tween false alarms becomes 7,666 hours.

It should be noted that these false alarms calculations are for
wors t—case conditions . Specif ica l ly ,  It was assumed that the sensor tube
barely passed the screening procedure , that it was operated at maximum
supp ly vol tage , and that it was pointed directl y at the sun when the sun
was directly overhead . Average conditions of sunlight , tube voltage ,

13 
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and tube screening would lead to far larger t ime figures than those given
above .

2. Lt/V SOURCE LAM P

2.1 In order to periodicall y test the Edison U/V sensor tubes , a U/V
source lam p is included in each detector head. Thi3 lamp is activated
for a .1 second ever’i l4 ..~ seconds.

At the start of this program , a sat isfactory source l amp could not
b e fo und , and so it was necessary to develop a suitable lamp . A spec ial ,
high—filament-temperature incandescent l amp was considered , but it was
felt that a gas—discharge lamp would be more reliable.

Problems encountered In the design of this discharge lamp included
wande r ing of glow spot and unstable operation at 260°C (500°F). Wander ing
of the glow spot resul ts in variation of the U/V output a nd changes in
the star ting voltage . This problem was overcome by add ing a nickel cross—
bar to the cathode rod and by covering most of the cathode rod with glass
beading . Unstable operation at high temperature was eliminated by use of
a getter to absorb certain gas impurities.

The f ina l de s ign of the source lamp is shown in Figure 5. A neon—
argon mixture is used as the fill gas.

2 . 2  Developmental  Tes ts

Two lamps were put on continuous operation at 5 ma life test at 260°C
(500 °F). One lamp gave approxima tely the same U/V output at 214 hours
operation as it did at the start. The U/V output of the second life test
lamp was down 25% after 266 hours continuous operation at 260°C (500 °F).
This is cons idered more than adequate as one hour of continuous lamp opera-
tion is equivalent to 150 hours of system operation where the lamp is
energized for 0.1 second four tir~es a minute . Other lamps which were run
on pulsed operation at 260°C (500 °F) for up to 64 hours showed neg lig ible
change in U/V output. A sample of the lamps was also evaluated for per-
formance at cold temperature and no appreciable change in U/V output being
noted after one hour continuous cperation at —54°C (—65°F).

Two U/V source lamps together with a sensor tube were vibrated up to
500 CPS a t 15 g ’s input for three hours In each of three orthogonal p lanes.
During vibra t ion scanning no resonances were found ; and there were no
visible mechanical defects or degradation of the lamp or sensor tube per-
formance af ter the vibration.

2.3 Lamp Selec tion

As par t of the screening process , each source tube is pulsed wi th a
300V pu lse , .1 second wide , connected through a 37K~ resistor. It is
placed six inches away from a Mark II sensor tube of minimum acceptable
sensi tivi ty ,  connec ted into the circuit of Figure 4. Accep table source
tubes must give at leas t fifty counts at both —54°C (65 °F) and 260 °C
(+500°F).

14
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~urtng actual IFOS operation , the pulsed source tube must  cause each
sensor tube to give at least eight counts for that tube to ‘test good.”
Because of statistical variations , a source tube, which causes an average
count of fifty per .1 second , wil l  some times give considerab ly fewer
counts . By assuming a Poisson distribution , one can calculate how often
fewer than eight counts will occur. This calculation is made in Appe nd ix
I I I , and indicate s a “mean time be tween f a i l u r e s ” of more than 133 days of
cont ir~uous operation. Of course , since worst—case conditions were
assume d , the “mean time between failures ” under average conditions would
be much greater.

3. HOUSING DESIGN

3.1 The flame de tector head contains two Edison U/V sensor tubes , one U/V
source lamp , and the electronic circuitry shown in Figure 6.

Shown in Figure 7 is the detector head which resulted from the first
design attempt. This design has the desirable feature of requiring l igh t
from the test lamp to pass through the same windows that U/V light from a
f l ame  must  pass  t h rough .  Thus , if these wi ndow s become covered with oil or
d irt , rendering the head useless , this fact will be detected by the period-
ical tests.

The Figure 7 head was built and successfully passed vibration tests
in accordance with MIL—STD—8lOB. It was then decided that the size and
we ight (3 lbs. 10 oz.) of this design were too large . A reduced size head
was then designe d , and is shown in Figure 8.

To carry out the required reduction in size , it was necessary to
el iminate the desirable feature discussed above , where the light from the
test lamp passes through the windows . (The Air Force agreed to waive this
requirement.)

The hous ing is cons truc ted of p assivated stainless steel. Windows
are made of optical grade quartz , sealed and cush ioned w ith RTV8262 s i l icon
rubber adhesive/sealant . Electronic components are attached to a glass—
bonded mica component board with the aid of the RTV sealant and a high—
temperature solder. The component board is attached to the housing by
means of screws with lockwashers. Screws and safety wire are used to
attach the cover. Spot welding is used to attach the mounting bracke ts
to the housing .

The detector head would be redesigned as a sealed , welded un it ,
the reby removing the potting material from direct exposure to the 2000°C
flame .

When U/V light strikes a sensor tube , the ionizaticci process within
causes U/V light to be emitted from the tube. This ligh t can , in turn , be
de tec ted by ano ther sensor tube in the vicinity . Thus the two tubes in the
de tector housing could trigger each other. Such a coup ling is very undesir-
able and can lead to false alarms being given. Thus , each tube is coated
with RTV adhesive in such a way that only U/V light entering throug h the
windows or from the test lamp will also enter a sensor tube.
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Cathode s p u t t e r ing in the tes t  lamp can cause an opaque deposit on

the glass opposite the cathode area. The test lamp is positioned in such
a way that this deposit will not block U/V light to the sensor tubes.

t
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III,

T H ERM 1~~i~~R OVERHEAT SEN SOR

I. SENSOR )ES1C~

A irc -ra t. t overheat detection svster~ requires sensors which pr ov ide
-,~i~e and reliable overheat c~-tectio n with a nimuc~ of shorts or opens.
‘
~~e sensor used in ~hL s con.tract was the Edison ‘~-,-~ el 244 wh ich , because

-~~ its ruggedness and operational stabilIt y , has produced an ~xce1lent

~~rv~ ce record in the ti eld.

The Edison Mode l 2.~ sensor is cf co-ixial cable construction and
consists of a tLbular dual—w all outer sheath , a center wire and a corn—
pocted tempera ture—se nsiti ’;e seniconductor filler material. Operati ng
rn the electroni c conduct ion principle , the Edison cab~ e does not depend
-n any physical chan2e of th~ te~.perature—se nsi tive c- -~terial within the
:jble , ensur ing therefore excellent operational rever sability which
enables the cable to present normal and ove :heot conditions repeatedl y.

2. DESCRIPTION OF OPERAT uN

The semiconductor material contained in the Edison thermistor—type
cab le is a proprietar y blend of oxides of manganese and yields a tempera-
ture resistance curve with a large slope which enables the sensor to
de tect hot spots while at the same time permitting temperature averag ing
to evaluate nornal high ambient temperat~~ce areas . In princip le , the
filler or core material being essentiall y an insulator at room temperature ,
becomes a gocd conductor when heated to some predetermined hi gher tempera-
ture . Conduction is by electrons and thus the sensor resistance can be
measured by app l ication of a D.C. voltage. This is a distinct advantage
over sensors which depend upon ionic conduction and , therefore , must be
operated from AC voltages and are more sensitive to moisture .

For the purpcse of system design the sensor cable is considered as
a resistive element which is  an inverse function of cable temperature .

3. IMPEDANCE

A corm~on ~av of testing continuous cables is to expose the entire
length to a predetermined oven temperature and measure cable impedance
between center wire and sheath with an ohmmeter . This technique suffices
as an acceptance test of a finished cable because any abnormally low
re sistance section along th e  cable length registers markedl y on the total
paral l el irnredance.

By performing this pro~~’dure -n one small section of the cable at a
t ime , alon g the entIre cable iength , data from excessively hig h or low
resistance cect ioii s will not conceal or cvershadow norma l temperature
chara cterIstics , or vart at~ rns In these characteristics arising from van —

~t i o ns in f~ b r f c a t i o n or p r o :e s s i n g .
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n~~ :d pr actic e at uUs - n is t~~ tes t a six—inch section every two
t t . t  ~. lcn. :~~~t- e ” c t ~ o~ ti.e cab It- . L hl s techni que y ie lds  an accu ra t e
prc~ Le ~ t c~ b~ e rest st jn - e and reve d i s all but the most localized resis—
t~~ce ~- x : r e m e s .  ‘: .~.L vari~~:i~~~s in resistance are generall y due to non—

1~~o r . - ’ tne cab e - ro~ s tI~-~: al -n.~ i t s  cab l e  leng th ca us ing
in ~[ll er t”Jc kness. ir c a l 4 c.-d cirl a r ions in cable resistance 

-e ~
:- i.- to n-”~ s~ ;re fr~~-oss ~~ t a ~ ~~~~

-. en-~ seal , inhomogeneities in
t h e  ~x t - ~e m1~~ or Los ’, c~ ~ c h i p  o: o < t d e  ~~ ‘

- - ‘  the extrusion.

P1 - t s  ‘~ ~ ib~~- rect .~~I-.~ tv (0nm-teet ) - ,t~rsus temperature for a

~~- i l can es wi th ‘ i r ’o -~s cnara ter i st ic te~—peratures (the temperature
i ’  ~~~~~ he r e s t s~~i vl v I ~— )OO chr-~ t .) ~rc shown in Figure 9.

th~ ~e L,t ion ~ e t - ..een resist ar and to ’-:atu re is similar to the
res Ist ~r c e  - -

~~ --~i nv tt’~~r:-~i 5tor-t’ .~~e se-’-~ c -nduct ors ove r considerable ranges.
Inc re,istanc e at g iven te~cper~ tu rc can b~ de term ined accurately by the

— 
eqJ at

R = 

~~ 
exp ’ h / l )

= absolu te t e n ~ r i tu r e In ~e~~rees Rankine

R resista nce in c-h r— feet at :en ~ ‘rature T

con~~t.ir; t in cm—feet

B slope of  t h o  terroe rature res l sr an_ e characteristic

Here cable resistance increases to a verY high level but , being
limited by tIe electrop hvsical properties of this cable , does not become
in~ ini:e -35 the eqt.ation vould imply. As temperature approaches infinity,
the mi nirr -ci- -. val-co cf cable resistance is limited by the res istance of the
center w ire and ~~eath and ~oes not become zero.
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IV

COMPUTER CONTROL UN fl

The computer contr ol unit has the function of correlatin g signals
f rom the dual overheat sensor cables and from the six radiation detector
heads in accordance with predetermined operational constraints and provid-
ing signals to the crew readout unit and to the maintenance warning unit.
The computer control unit contains a transient suppressor netvork~ a power
SUP ~~iV regulitor , voltage monitors , a clock as well as signal processing
and correlating circuitry for both the overheat and radiation sensors.
The computer control unit was designed to operate in an ac±-ien t temperature
range of —40°C (-40 °F) to 85°C ( 185 °F) in a militar y environment. The de-
tailed specific requirements of th e computer contro l unit are deline atec
in Section I of this report.

Much ~f the signal processing circuitr y is of the dIgi tal tvce ,
based on TTL integrated circuits. Positive logic Is used to describe the
operations involve d , and so a Boolean ONE indicates voltage levels in the
range from 2.OV to 5.5V , while a Boolean ZES I ind i. c -jtes volta ge levels
fr ,o— OV to .8k’.

l. FIRE AND FIRE-FAIL SECTION

1.1 As discussed in the Introduction , fire detection is achie ed by the
emplo yment of six flame detector heads . Each head cont a~ rrs tv Uf \ ’  tensor
tubes and a U/V source lamp for testing the sensors. A fire warnir,~ shou ld
be generated when both sensors in any head have tested ,:ood rd wher’ ho th
give an output si~ ral resulting from fire U/V radiation str Iking ‘he sen-
sors. An output signal from only one sencor should n -t r e s u l t  i n  3 t i r e
warning unless the other sensor in the head failed t respond to t - ~~~

- t e s t
lamp during the most recent test .

To provide a high degree of reliabilit y against fal ’~e al~~rrrc d fire
det ection failures , fire signal f l o w  is c a r r i e d fr cm the U”V sensors to the
signal processors , f i re warn in g log ic , fire—fail logic , and c~ r”cuter diag-
nostic logic in twelve parallel channels.

1.2 U/V Signal Pr ocesso rs

Schema tic diagrams for the Ui’V s ignal pro ce ssors are f ound in
Figur e 10. These processors consist of twelve identical circuits , six
located on each of two printed—circuit boards , des ignated A3 and A4 . The
oper ation of the circuit for signal UVI1 (from head 1 , senso r tube 1) i s
desc rIbed below .

When tube 11 is struck by U/V light , It develops pos itive and nega-
tive pulses across its 182 . load resist er (see Figure 6), located in head
one . The ampl i tude of these pulses is about 250mv with random pulse widths
varying up to a maximum of one-half of the period of the 800V square wave
used to bias the sensor tube . These pulse signals are transm itted through
a coaxial cable to terminal 12 of board A3 .
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The dual comparators labeled 115 both amplif y and rect ify the signal
pulses. Their outputs are “wired—ORed ” toge ther , and consist of five—
volt negative—going pulses based at +5V . Resistors Rl , R2 , R4 and R5 back—
bias the comparator inputs to eliminate signals of magnitude l5Omv or -
less. (Such signals , not originating in the sensor tube , migh t result
f rom undes ired coup ling to othe r circuits.)

Output pulses from the comparators are applied to the input of a
nonretri ggerable monostable , 115. (U5 is physically located on AS , the
“Rese t” board.) This monostable converts all input pulses to output
pulses  of a un iform w id th , naa ely 1/3 msec. The nonretriggerable feature
alleviates much of the “multip le—count ” problem (see section 1.2 of Chap-
ter II). Here , the first pulse of a train of pulses triggers the mono—
stable , which then has no response to the following pulses for at least
1.3 msec .

Under certa in conditions , the inpu t to the monos table consis ts of a
gro up of f if teen pu lses or igina ting from the Fire Warning circuits. These
pulses , labeled T2l1 , are coup led into the signal processor circuit by
means of a “wired—OR ” connection . Since the time between each two pulses
is one m sec. and the period of the monostable is 1.3 msec., these f if teen
input pulses result in only eight output pulses.

The nex t componen ts in the s ignal  pa th are a r ipp le b inary  coun ter
(U3) and an associated NAND ga te , Ul. An output pulse results from the
NAND ga te only af ter eigh t inpu t pulses to the ripp le coun ter . A rese t
signal , labeled T~ RESET , is app lied to the coun ter every 2.4 seconds ,
and so the NAND will have an output signal only if the eight input pulses
are received in the period between the reset pulses. It is this circuitry
wh ich prevents a false fire signal resulting from long—wave response , back-
ground count and self—excitation of the sensor tube.

Pulses from the Ui NAND gate are used to trigger the retriggerable
monostable U2. Components Cl , C2 and R13 set the period of U2 to 1.3
seconds. If U2 receives input pulses not more than 1.3 seconds apart , it
w i l l  p rov ide a cons tan t , steady ou tpu t which is insens it ive to the random
variations in the times between individual input pulses.

Monos table U2 is rese t by the si gnal T ’ RESET . This signal is a
doub le pul se occun ing every 14.4 seconds. The first pulse resets 132 jus t
before the test source lamp is pulsed , and the second pulse rese ts U2
.12 seconds later , so that no fire indication is given as a result of the
test.

1.3 Fire Warning Circuits

Schema t ic diagram s for  the f i r e  warning circui ts are found in
Figure 11. (This drawing strictly describes the circuitry on the A6
prin ted—circuit board. The circuitry on the A7 board is identical except
for nomenclature.)

The fire warning circuitry is divided into six identical blocks——
one block for each detector head . Fur ther , each block has a symmetry
where each half corresponds to one U/V fire signal channel.
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Each of the six blocks of circuitry uses four timir.~ signals , which
are shown in Figure 12 for easy reference. Note that the four flip—flops
in each block are of the “D” type , the prese t and clear inputs are not
used , and date transfer takes place on a low—to—high transition of a clock
pulse.

Cons ider the block of circuitr y dealing with detector head number
one.  The inputs  to th i s  c i r c u i t r y  are :

1. The four timing signals of Figure 12 , namel y Ti, T, T*, and T2.

2. Boolean signals from the U/V signal  pr oce ssors , namely UVI1 and
UVI2. A boole an value of ONE indicates that the corresponding
sensor tube has responded to U/V light.

The ou tputs from this circuitry are :

1. Qi: A value of ONE indicates that at least one of the two sig-
nal channels has tested good and that a fire has been detected.

2. T2ll and T2l2: If a response to the test lamp in the detector
head is not obta ined , these pulses are sent back to the U/V signal
process ors to determine whether the fault is a defective sensor
tube or defective circuitry .

3. Vii and V12: A value of ONE indicates that no response was ob-
tained from the test lamp .

4. VM11 and VM12: A value of ONE indicates that a response was
ob ta ined f rom 1211 and T2 12 tes t pu lses , but not from the test
lamp . It is these signals which activate the UV indicators of
the M~4l.

5. VCUv11 and V~CUVl2 : A value of ONE indicates that no response
was obtained from the test pulses. Any VCUV signal b ecoming a
ONE will make the ~ signal a ZERO , to indicate a failure in the
elec tron ic c i rcui try (CUV s tands for  “compu ter , ultraviolet ” ) .

To expla in the functioning of this circuitry , opera ti on under  four
different cond itions is described in detail. Again , the desc r ip t ion is
given for the circuitry associated with head number one . The integrated—
circui t packages Ui and 112 each contain two flip—flops , and so ~he expres-
sions “upper  h a l f ”  and “low half” will be used to refer to specific flip—
flops.

1.3 .1 Condition: There are no defect ive components and no ‘ire is de-
tected. At t 0, the test lamp comes on for 105 msec. This causes I V l i
and 11V12 to become ONE for about 120 msec. At the end of ~~1 (t — ~05 —sec.),
the upper halves of 111 and 112 are set (Q = 1), and at th e end of ~ (t  12 0
msec.) the lower halves of Ui and 132 are set. Then UVll and UV12 be’ ome
ZERO , but all four flip—flops remain set. QI , Vii , V12 , V’-’ll , VMI2 , VcUVll ,
and VCUVI2 are all ZERO, ~1V is ONE , and no T2l1 or 1212 pulses are gated.

31

_____ I~~l uiiu r - .—-



- -. -- -- -- 
— -- - - -- -

15 PULSES , .1 ~s w r D ~ ~~~ APART

T~ II1~~ 11111
%4.4 Sc~.

Fi9ure 12. Timing Signals for Fire Wer-ning



-5— ----- - - - -
~~~~~~~~~~ -

--5- ---- ’--—-~~ ~~~~~~~~~~~~~~~~~~~ -~~~~

1.3.2 Condition: There are no defective components and a fire is detected.
LV ll and IJVI2 become ONE. All four flip—flops have been previously set ,
as descr ibed in 1.3.1. This causes ZEROs to appear on p ins 6 and 8 of 138,
ONEs to appear on p ins 8 and 12 of 1113, and ZERO to appear at pin 8 of Ul4
and hence a ONE to appear at p in 8 of U7. This is the Ql ONE signal.

1.3.3 Condition : Sensor tube number two in head number one is defective ,
and does not generate an output when illuminated by the test lamp . At the
end of 105 msec., with UV12 0, the upper half of 132 is cleared . T2
pulses are tYen gated through 138, coming ou t on pin 3 as 1212 pulses ,
wh ich go back to channe l two on the U/V signa l processor board . These
pulses in turn make UVI2 ONE , so that at the end of T (t 120 msec.)
the lowe r half of 132 is not cleared. Wi th the upper half of U2 not set ,
Vl2  i s a ONE , and after T* agai n becomes ONE , p in 6 of 1117 becomes ZERO ,
resulting in VM12 — ONE . If a fire were to occur now, the Qi output would
be obta ined via pin 12 of 137.

1.3. 4 C o n d i t i o n: There is a de fec t  in the electronics in channe l number
one in th e U/V signal processor , such that UVil is always ZERO. Here , by
t = 120 “—sec ., both halves of Ui have been cleared , as UVI1 remained zero
in spite of the injection of 1211 pulses. With both halves of Ui at the
Q = 0 state , Vii = ONE, Vcij v ii ONE , and , through the action of the 1319
inverters , ~t7V = ZERO . If a fire were to occur now , the Ql output would
be obtained via pin 6 of 137.

1. 4 F ire F a i l  Warn ing  Log ic

The schematic diagram for the fire fail warning logic is found in
Figure 13.

This circuitry performs three functions : It develops a fire warning
s i gnal , a fire fail warning signal , and inhibi ts the 1’ RESET signal to
the ti/V s~ gna1 processors during fire condi tions .

Cons ider first the fire warning circuitry . The six fire signals , Ql
Q6 , from the fire warning logic are combined in an OR relationship by

the circuits of 1313 and 117. Thus the signal on pin 8 of U7 is a ONE if any
of the flame dectec tor heads senses a fire , Pin 5 of Ul8 follow s pin 8 of
117 , excep t that a ONE cannot be “passed through” during test time . This
inhibition is due to app lying the signal ‘r* (see Fi gure 10) to pin 4 of 139,
and is needed because the signals Ql . . .  Q6 normally become ONE during test
time . The fire signal is then passed through a ga te and an inver ter and
appears on p in 5 of the p r i n t e d — c i r c u i t  board connector . The gate  j u s t
mentioned inhibits this signal if a “f i re f a i l  warn ing ” signal is present.
The net e f f e c t o f th i s circui try is to implement the Boolean expression .

FW = FFW T* (Ql + Q2 + Q3 + Q4 + Q5 + Q6).

Cons ider now the fire fail warning circuitry . IFOS specifications
requ ire that the CCU generate a fire fail warning signal when any two
adjacent heads fail (see section 3.2 of Chapter I). This is accomplished
by first combining the twelve signals V’ll , 712 . . . 762 from the fire
warning circuits with six 4—input NAND circuits. Thus if detector heads
one and two failed , signals 711, 712, 721 and 722 would all be ONE , and
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Figure 13. Schematic Wiring Diagram , Fire Fail Warning Logic &
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and an output ZERO would appear on pin 8 of 115. The circuits Ull and Ui?
comb ine the outputs of the six SAND gates to give an OR function . (The
signal on p in 6 of 1111 presently performs no useful function.) The over-
all function of the fire fail warning circuitry is to implement this ex-
pressi on:

FFW = V i i  V 12 V2 1 V22 + V2 1 V22 V3l V32
+~~3l V32 V 4l V 42+74l V?42 V’5l V52

+V5 1 752 761 V62 761 762 V i  712

T ’ RESET is inhibited by the fire warning signal by means of the
upper half of the NAND gate UI.

1.5 Driver CIrcuitry

Figure 14 shows the schematic diagram for this circuitry .

Resistors Ri to Rl2 are “pull up” resis tors for the open—collector
inverters of the fire warning circuits. The cascaded Inverters are used
to amp l i f y the fire warning signal before it is sent to the CR13.

2. OVERHEAT AND OVERHEAT—FAIL SECTION

2.1 Basic Approach

To prov ide re l iab i l i ty agains t f a l s e  alarms and overhea t de tec tion
failures , red undancy i s used for  both the sensors and the electronics.
Also , the elec tronics is per iod ical l y tes ted f o r  bo th f a l s e  ON and false
CcF .

The overhea t system consists of two sensor—computer channels (sensor
loop A — Channe l A and senso r loop B — Channe l B) whose outputs are directed
to the disp lay units. Each alarm channe l consists of a sensor cable loop ,
bo th ends of which are connec ted to a corresponding si gnal processor in
the computer control unit. Signal pr ocessor outpu t is in turn app lied to
a fault evaluation circuit , an output circuit and a signal correlator cir-
cuit wh ich is common to both overheat alarm channels and the U/V po rt ion
of the system .

Even though the range of sensing element circuit resistance in which
an overheat alarm may be signalled includes resistance values that could
be produced by partial shorts in the sensor cable , connectors , or wiring ,
the computer control unit is capable of discriminating between an overheat
or a par tial short condition .

Sensor cables , having therma l mass , do not react instantl y to varia-
tions in temperature while a large majority of shorts , absolute or partial ,
take on the character of a step input change in cable resistance .

In the course of this program , it was decided that the technique of
examining and comparing the outputs of a group of signal processor ampli-
fiers , connected by way of a bridge network to each sensor cable , in the
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time domain was an effective ‘~t - d t ~ S by which sensor short discrimination
could be acc -~rcp li shed . In addition , the periodic app lication of test
pulses to both sensor cable and signal processor circuitr’7’ was f ound to
be an e fective means for rnonitorfng tn€ stdtus of sensor cable continuity
- -~ga1nst opens and short s and the status of amplifier operation against
e’ectronic faults dp~ earin~ as false ON ’ s and f al se OFF ’ s.

Three amplifier channels are by way of bridge circuit detection net-
works linked to each sensor to  obtain the signals for sensor cable and
signal processor status. These are designed as Al , A2 and A3 fo r sensor
loop A and , in like manne r , Bi , B2 and B3 for censor loop B.

A~ p l i f ier A2 , containing an Input dela” oetwork , operates in con—
junction with Al to determ ine the existence of either an overheat condi-
tion or a cable short . Here , on a st eady state basis , A2 is so set as to
become activated at a slightl y lower sensor temperature than Al. Thus for
overheat conditions A2 wo-jld be actuated before Al. This condition is
symbolized by the term A2 1 wh ich is monitored during norma l , no—test , time .
Amplif ier A3 is used with Al and A2 to aid in etermining the status of
cable circuit continuity.

In the course of this work , it was f ound neces sary to per iod ical ly
apply two test pulses (TC12 and TC22) to provide a continuous and auto—
matic check of both sensor cable and signal processor status . Here over-
hea t detection occurs during the 14.86 second (nominal) no—test interval.
Once detected , the condition of overheat is nercrized and cuts out over-
heat fa il and cable fail circuitry , preventimz their disp lay.

The operational continuit y of sensor cable A and alarm amplifiers
Al and A2 is checked by app lying a turn—on pulse TC12 to the input cir-
cuitry of Al and A2 by way of cable A. The operational continuity of
amplifier A3 is checked by the direct application of TC12 t~~~ the input
circuit of A3 . The pulse width of TC12 is approxim atel y ~.5 milliseconds
long.

Pulse TC22 is a turn—off pulse which starts approximately 60 milli-
second s after the end of TC12 , and is approximately 35 m il1~ senonds wide .
It is app lied directl y to the inputs o~ Al , A2 and A3 , and ~s used to
detect cable shorts and amp lifier ~au1 t~ app earing as a false ON.

A shorted cable occurring any time actuates Al and A2. This condi-
tion is detected at the conc lusic - n of turn—off ~~U i S C  T C 2 2 , and during the
beginning of th~ normal n -  test peri od.

2.2 Description and Opera :ion

From input to output each alarm chanre~ contains a Wheatstor,e brid ge
type detecti on network oper iting in conjuncti on with a three amplifier
chann e l s ig nal  ~ro~ essor , a cab 1r~ and sfgnal processor fault dif fere n tiat—
Ing board , ~tnd an outp -it board. b e  per-channel output boards operate In
conjunction with a signal corre lator board wh ich is common to both over—

L 

heat channels to provide signals to the Crew Readout Unit for tb.c genera-
tion o~ o-VERHE;~i FAIL warnings and s~~ r-.a1s to the Naintenance Warning Unit
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f o r  the genera t ion  of cable and s igna l  p rocessor  f a i l  w a r n i n g s .  Here ,
the signal correlator also combines sensor cable fault signals and signal
processor fault signals with fail terms from clock monitor and voltage
monitor circuitry , used by the entire computer control unit , for the
producti on of overheat fail warning si gnals. In an analogous manner ,
the signa l correlator also provides fire—fail warning signals.

The overhea t portion of the computer control unit obtains its power
from aircraft—t ype unregulated 28VDC , and is transient protected by a
choke—zener diode transient suppressor network . Plus five vol ts from a
switching regulator and minus five volts from a DC/DC converter and
linear regula tor circuit provide logic power to both channels from input
to output. The computer control unit signal correlator obtains its
power from the five volt reference supp ly.

2.2.1 Signal Processor

As can be seen in Figure 15, both ends of the sensor cable are con-
nected to the input circuit. Here , one end of the cen ter conduc tor is
connec ted to bridge resistor RI and the three amp lifier channe ls Al , A2 ,
and A3 . The other end of the center conductor is connec ted to an open
collec tor inverter 132—1 which , when activated by turn—on pulse TC12 ,
connects the center conductor to ground potential by way of test resistor
R5. Both ends of the outer sheath of the sensor cable are connected to
the bottom of the detector br idge. A return wire connected to the sensor
cable sheath is brought  back to power common by way of t e rmina l  1. This
configuration represents the detector portion of this bridge where Rl
is the upper leg and sensor cable center wire—to—sheath resistance is the
lower leg. Resis tors R2 and R6 , R3 and R7 , and R4 and R8 are the upper
and lower brid ge set point legs for amp lif ier channels Al , A2 , and A3 ,
respectively.

Channel A , consis ts of one—half of dual comparator integrated cir-
cui t ch ip Dl. Channel A2 cons ists of an input stage (the other half of
dual comparator Cl), a del ay network consisting of resistor R2l and
capacitance C26 and C27 and an output stage consisting of one—half of
dual comparator U3. Channel A3 consists of one—half of dual comparator
U4.

All of the amplifiers connected to the brid ge circuit contain posi-
tive hysteresis ne tworks and R—C filters for protection against spurious
noise voltages existing on the sensor cable.

Since upper bridge resisters RI , R2 , R3 and R-~ have the same
resis tance , lowe r set point resistors R6 , P7 , and R8 will represent the
center wire—to— sheath resistance at which inputs to amplifier channels Al ,
A2 , and A3 will be zero excluding the effect of positive hysteresis cir—
cui  t r y .

Thus as sensor cable temperature increases , cable resis tance de-
creases and as it passes through 270 ohms , for examp le , s ignal  vol tage
across terminals -~f U l — 2  increases  from a negative value through zero to
a pos itive value causing in turn a positive g ’ing outnut from terminal 8
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uf Ui . This output voltage is app lied , by way of the delay network , to
comparator 133-1 which supplies signal processor output A2. 

—

As cable res istance decreases further and passes through 220 ohms ,
signal vol tage across dual comparator 111—1 becomes positive and supplies
signal pro cessor output Al without the time delay experienced by A2.

For center conductor to outer sheath partial shorts of less than 220
ohms , Al will be ac tivated before A2 (AU) at the end of turn off pulse
TC22 and the beginning of the norma l no—test period whereas for gradual
changes fn cable resistance due to an overheat condition , A2 will be
activated before Al (A2l). This is the manner in which cable shorts are
d ifferentiated from true overheat conditions .

In a manne r similar to Al , channel A3 output is present when center
w ire to cable resistance reaches a value lower than 63 ohms which is
v iewed as a direct short.

By way of inver ters U2—2 and U2—3 and transister Qi , turn on pulse
TC12 is also app lied directly to comparator 134—1, which presents amplifier
channel A3 output.

Turn—on pulse TC12 is app lied to inverter 132—1 which then connects
the open side of the sensor cable center wire to ground potential. The
result of this test is that both amp l if ier channels Al and A2 are now
activated by way of the cable. Should an open circuit exist in center
wire circuitr y , these amplifiers would not be activated. Thus , for an
open in sensor cable A , the single faul t log ic disp layed by Al , A2 , and
A3 d u r i n g  TC12 would be

Al A2 A3 TCl2 TC22
0 0 1 1 0

The comprehensive truth table for the overheat system is included as
Append ix IV.

Turn—off pulse TC22 starts approximatel y 60 mill iseconds af ter the
end of TCI2 and is used tn detect cable shorts and amplifier faults
appear ing as a false ON.

As seen in Figure 15 , non—inverting inputs Cl—I , 131—2 and 134—1 are
joined by the way of isolation diodes CR1 , CR2 , and CR3 , respec tively, to
a voltage divider network consisting of resistor R33 , diodes CR4 and CR5 ,
and resistor R34. Here comparator U4—2 is connected to the junction of
R33 and CR4 and is used as a voltage level shifter which during the no—
test state provides a positive bias to the divider ne twork keeping isola-
tion diodes CR1 , CR2 , and CR3 , in an off—biased , non—conducting state.
In this no—test state all channels are thus permitted to operate in a
standard mon itoring mode, t~’hen turn—off test pulse TC22 is app lied to
134—2, the amp l ifier shifts the bias voltage on the voltage divider from
p lus to minus , diodes CR1 , CR2 , and CR3 conduc t curren t , and the inpu t
ampl i f iers of channels Al , A2 , and A3 are turned off. Should any ampli-
fier channel remain in an on state , this condi tion will be diagnosed by
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fault circuitr as a signal processor fault. If Al , f or example , rerr -iined
ON the log ic  pattern presented would be as follows:

Al A2 A3 TC 12 TC22
1 0 0 0 1

This condi tion would then be evaluated as an electronic fault in
signal processor A. Information of this condition would be app lied both to
the Maintenance Warning Unit where the CCU light would be turned on , and to
the Crew Readout Unit where it would be stored as an overheat fail in chan-
nel A (OHFA) for future operation with other signals.

Should amplifiers Al and A2 be in an ON state because of either an
overhea t condition or a cable short , they wou ld be turned off per iod ically
by the application of TC22. Since A2 has an input delay , the end of TC22
and beginning of the no—test period would cause first Al and then A2 to be
reac tivated into an on—state (Al2). However , i f Al and A2 were turned on
by an overheat condition (A2l), occurring during the preceding no—test
period , the existing overheat signal and display would be maintained. If ,
on the other hand , no overheat condition exists , then the signal caused by
A12 would be allowed to genera te bo th a CFA disp lay in the Maintenance
Warning Unit , and store an overheat fail signal for channel A (OHFA) in the
Crew Readou t Unit where it would block a corresponding overhea t s ignal.
The logical presentation of a cable short at the end of TC22 and the be-
ginning of no test is presented as follows:

Al A2 A3 T12 T22
1 1 0 0 0

where the sequence of Al and A2 (Al2) Is sensed.

2.2.2 Cable and Signal Processor Fault Diagnostic Circuitry

The truth table shown in Appendix IV represents all the possible
s tates of signal processor output and te s t modes , any one of which can
exist at a particular time . It is important to note that further logic
considera tions have to be made to accommodate the ex is tence  of a more than
one event , that is , a chain of events each of which is represented by its
particular line . As will be discussed later , one solution that is emp loyed
is the concept of first—come first—serve priorit y logic.

This concept is employed in both the cable and signal processor
fault board and the output board to enable decision making , and in the
Crew Readout  Uni t  to memor ize  warn ings  of OVERHEAT or OVERHEAT FAIL with
certainty.

2.2.2.1 Cable Fault

A stud y of the truth table in Section IV for the logic expression
deno ting a faul t in cable A , res u l ts in the analysis of a number of lines.
When simplified , the log ic equation for cable fault A (CFA) becomes

CFA A12 T?~T~ ‘~ Y~ a ~~ A3 TC 12 ~I’~~~~~~~
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where the f i r s t  term deno tes a cable sho r t  (Al occur r ing  before  A2) found
during no—test , and the second term denotes an open cable found during
TC12. (Refer to Figure 16.)

Cable shor t  s t a tu s  and cable open c i r c u i t  s t a t u s  are a p p l i e d  to NAND
gate 1.1 4—4. This element is a NAND gate for logical ONE inputs but can be
used as a NOR gate for logical ZERO inputs. Normal no—fault states are
presented  as logical  ONE ’s to the input of this gate and result in a nor-
mal no—fault logical ZERO at output. The occurrence of either cable fault ,
however , will cause eithe r logical ONE input to be changed to a logical
ZERO and result in a CFA logical ONE at the output terminal.

The sensor cable short  condit ion A12 ~~T2~ T~fl is detected by .3—Kflip—f lop 138—1 and is applied in the form T~T~ ‘T~~2 Al2 to set terninal 1
of the latch consisting of NAND gates 136—1 and U6—2. By way of inverter
Ul— 6, the inverse is app lied to input terminal of 134—4. For the normal
no—fault state , both flip—flop and latch are maintained in a reset condi-
tion by a reset signal applied to terminal 6 of U8—l and terminal 5 of
U6—2. Here , reset  (a ZERO) Is app lied as long as both Al and A2 are not
activated during the no—test interval. This condition is logically ex-
pressed as TC12 TC22 Al A2 , where the overall conversion denotes that the
reset condition is represented by a logical ZERO .

Under cable shor t  condi t ions  rese t  is removed. Then at the termina-
tion of TC22 and the beginning of no—test (~~T~ TC22) Al , which Is re—activated before A2 , is app lied directl y to 133—2 where it is combined with
the no—test term.

The no— test term is obtained by inverting the states presented by
TC12 and TC22 , b y way of i n v e r t er s  U l O — 3  and 1310—4 and then ANDIng the
r e su l t i ng  s ignal  w i t h  NAND gate 133—1 and inverter of Ul—2 which generates
a logical ONE for the no—test condition of T~T~ ~~~ at the input of U3—2.The output of U3— 2 is now T?~T2 ~~~ Al , which by way of inverter 1.11—4 is
fed to J—K flip—flop U8—l.

As with all .3—K flip—flops , input to output operation is actuated by
a clock pu l se .  In the circuit described , A2 when reactivated after Al ,
generates by way of Ul— 1 , capac it or Cl , NAND gate  of U 4 — 2  and inver ter  of
Ul- .4 , a one—shot  pu l se  to t e rmina l  5. Should A2 occur be fo r e  Al , no in-
formation would be transferred. In this manner , the sequence of Al operat-
ing before A2 is detected and is latched by U6—l and U6—2. Only when cable
s t a t u s  r e tu rns  to normal will this information be erased .

The sensor  cable open f a u l t  condi t ion  ~T ~~ A3 TC12 ~~~~~~~~~ is detected
and retained by the latch consisting of NAND gates 155—3 and 115—4 during
test time TC12. By way of inverter 132—5 its inverse is app lied to U4.

After a careful study of the possible sensor loop status modes , it
was concluded that the reset logic term which most properly represents a
return to normal condition would be TCI2 ~ Al2. This term signifies
t h a t  Al and A2 are being properly sequenced into an ON state during TC12 ,
an operation which could only be performed by way of a continuous cable
in the norma l n o — f a u l t , no—ala rm s t a t e . The actua l term fo r  reset is im-
p lemen ted by a log ical ZERO . It is app lied by way of NAND gate 137—2 to
terminal 13 of the latch .
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When an open cable ex is ts , the break in continuity prevents signal
processor ar~pl ifier channels Al and .A2 from being activated during TC1.
At this t ine , reset terr~ TC12 ~~~~~~~~~ Al2 is removed from the latch permitting
open cable information to be reused and retained.

I n ope n cable  term TC 12 ‘~‘~~~~~ AT AT A3 , test pulse TC12 is ANDed with
~~~~~~~~~ by way of NAND gate 135—1 and inverter 132-4.

The amp lif ier states of Al and A2 are ANDed with a delayed presenta—
tiort of A3 by NAND gate 137—I and of inverter 132—5. Here A3 is delayed by
res istor R4 , capac itor C5 , and biased comparator 159—1 to permit Al and A2
to st abilize before being examined during TC12. Otherwise , a false open
cable fault warning signal would be generated.

The time states of TC12 and ~~~~~~~~~ and states of amp lifier outputs Al ,
V A2 , and A3 are now combined in NAND gate 135—2. The combined result is now

appl ied to the SET terminal 9 of 135—3 and U5—4 latch in the form TC12 ~~~~

Al A2 A3. If an open cable exists , th is tern is a ZERO while a continuous
cable will give a ONE. For an open cable , a logical ONE results from the
latch network which by way of inverter 132—5 is presented as a ZERO to the
general CFA NAND U~+-4. Should an open cable be rep laced and the computer
control unit be re—energi zed , rese t action will change this cable fault
ZERO to a ONE as discussed below .

In the open cable reset term TCI2 ~~~~~~~~~ A12 , A12 is ob tained in a
manner s imilar to that discussed previously. The circuitry used to detect
and retain Al2 consists of .3—K flip—flop U8—2 and a latch consisting of
NAND gates 136—3 and 136—4. Here , a logical ZERO reset signal is continu-
ous ly  app lied during the absence of TCI2. TCI2 is app lied in log ical ONE
form as an enabling signal to both J—K flip— flop and latch . Should cable
continuity be restored , Al and the following pulsed one—shot form of A2
(Al2 generated during TC12) are d e t e c t e d  by the J—K fli p—flop and retained
by the lat ch . This action provides a signal at terminal 9 of U7—2 in the
form of TC12 Al2 which is then combined with no—turn—off test term ~~27.
The result apr ears as ~ logical ZERO re~~~~,pulse to terminal 13 of the
open cable latch U5— --~ in the forn TC12 ~I~T2 Al2. This action restores the
no fault logical ONE at t er— ~~na1 13 of 134—4.

2.2 .2.2 Signal Processor Fault (Channel A , f o r  examp le)

A colle tLn and sirc p l ificatlon of the terms defining an electronic
fault in signal processor A results in the following equation :

EFA = T~T~ ~C 2 2  (Al AT)

+ ‘T
~~T~~ TC22 (Al + A2)

+ TC 12 T~~~~T (Al AT + AT A 2 + AT AT + A2 1)

Here the terms shown present those signal processor failures which , on a
one—faul t basis , make it impossible to establish either a cable fault or
an ove rheat condition fri sensor cable—channel A.

Af ter careful investigation It was found that further simplification
of this eq uation was warranted.
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the fj t- ~t ~err. , TC’~ T C 2 2  A l A2 , could ~ndIcace that Al had be come
shu ’r t ~~d , or t h a t  a c~~’ 1e c, V . e o u e a t  o -~r~~i ion hpd occurred but that A2 was
i n an OF~- — t~~- I ~ s~~ t - - , e - :  t h a t  A l AZ ~ as th e  ear ~~ stage of a c a b l e  shor t
t iiul t occu r reno~: .o~ -re 12 -.:a s sou r  to  r c - l low . Ths con d i t i o n  could be
a s c e r t a i a e d  with ce~~t~~iaty d u r in g  ~~~ o t f — t e s r  L e o i o d  d e p i c t e d  in the
second e x p r e s s i o n  h~~12 T 1322 (Al -f 12) , the second c ’n d i t c u n  could be es—
t~’bl i shed d- j r i u ~- the on- ~n~’,t  o er i  ‘~ shuva in the t h i r d  e xp r r - s s i on  TC 12
-rc~: (Al A2 - - - 

) , And the third condl t fon would  be d f s c o ~ ered by the
cable fault ctr-: u ti- ,’ des~ riheh pr~ vious l~’ ~n a c -c t i c n  2 .2 . 1 .  As a r e s u l t ,
the ten-’ T C I 2  TC22 .-~1 AT ~ :. renco-ed.

The t h i r d  t e r n , TC 12 fC22 ( A ’ i Z  -
~~ ~ iA 2 + AlA ~j ~ A21) denotes that a

s ign a l  pr~~ces I ;c . r fault exi :t/ d u r i n a  aLe rum -on test period. Here , the
dosence of A3 with or ‘- ‘i t : : IV u  t the ~b ser~y~ or Al  (AT vs A TAT) wou ld  c o r r s t i—  

-

t u t e  a f a i l u r e  in op e i i  cable  cl~~- :ulL detec ti~~o So AZ would suf rice.
121 , d u r i n g  t u r n - - o f f  p u l s e  T C I 2 , w~ s a lso cec c-c-ed becao- ~c’ of an ir~~or t a n t
aspec t  in s i n g l e  f a u l t  l’-, g i s t 1c ~~. It was f o u n d  that the condition of
cable  A b e i n g  ne Ir  H - t  no t  io an ove rhe a t  St at e  c o u l d  cause only A2 to be
a c t i v a t e d  vh ic~. d~.r i r .~ t u r n  on t e s t  p u l s e  T C Z , wo~ id cause A21 to be
p r e s e n t e d .  The result ‘.. -dd he the f a l s e  d i s p l a y  of an e l ec t ron ic  f a u l t
d i s p l a c i n g  a pending  va ld o v e rh e a t  c o n a i t i o n .

The f i n a l  e q u a t i o n  fo r  s igna l p rocessor  electronic faults becomes,
t h e r e f o r e ,

EFA = T C 2  TC22 (Al -
~
-

+ T C I 2  ‘ICY ~~~~ ~~
- 
~ iA 2 + AT)

where , T~T7 1C22 (Al + A2) reveals t h a t  a sig n a l  processor  f a u l t  e x i s t s
if A]. or AZ remain in a false UN s t a t e  du r ing  t u r n — o f f  t e st  p u l s e  TC22.
In Figure  16, the term s are p r e sen t ed  in . i nver ted  form as T?~T2 TC22 (Al + A2)and TCI2 T~ T (A1AT + ATA2 + AT) to t e rmina l s  9 and 10 , respec tively of
NAN D gate 1313— 3. Here normal no—fault states appear as ONE ’s and a faul t ,
at either input , is presented as a ZERIO .

In the first term , ~~~~TT TC22 (Al + 12). inverter 1510—3 provides
to terrnincl 3 of NAND ~,ate 3—1-5—6 of Ul2. By way of_ inverters 1310—1

and 1310—2 and d-Jal input NASIJ gate 1—2-3 of 1312 , the term AIA2 is obtained
and applied to terminal 4 of 1312. In combination with 12—11—8 of dual com-
parator 1317 , and NOR gates 2— 3—1 and ~— 9—l O of 1316 , a slightl y stretched
form of TC 22 is app lied to termInal 5 or 1312. As will be exp lai ned la ter ,
the stretchine cf TC22 permits great er discr inination between nonsense
pulses generated during norma l nn— tault conditions and true fault pulses.
The result at terminal 6 of LIZ t~ ~. o tDut in t ie l Vrm of T C I 2  (TC22 + t)
~~~~~ which is re~ ritten as ~~~~~~~~(~~I ’~~~~4 ~) (-\ 1 + 12).

To obtain the second t- cc., TC12 ?1~~2T (AlA ~ + ATA2 + AT), the term

~~~~~~~- ~~~ .-‘.:;~

is first developed by way of inverters 1—2 and 3—4 of 1310, dual NAND ga tes
10—9—8 and 12—1 3—Il of 133, SAl-h) g a t e  10 — 9—8 of 1315, inverter 13—12 of 1310,
and dua l SANS gate ~--5-6 of 1314. It Ic then combined with a slightly
stretched form of lC 1Z (TCl2 + t) and TC22 to become
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(TCI2 + t) TC22 (AlA. A1A2 13) ,

wh i c h  In e f t e c t  is

(TCI2 + t)  T~~~~~~~ (A lAT~~ ATA2 + AT),

the fault tenr in ZERO form , this term is applied to terminal 10 of 1313.

For false-ON or false-OFF signal  processor faults , the ZERO pulse
a p p l i e d  to terninals 9 or 10, respect ively, of 1313 causes on output fault
p u l s e  EFA i i - ~ logical ONE fonrc , to be applied to a delay network. The
delay netv -~rk acts as a well defined low pass filter which blocks non-
sense pulses of short pul se w~ dth formed during the normal no- f ault gating
operatIons associated with each of the two terms cescribed above , but
allows the broader pulses generated by true signal processor faul t con—
d i t l o n s  du r i n ~z TC 12 ~ t and TC22 + r to be detected. The delay network
consists of resistor R9 , capac i tor C16 and biased comparator 11—12—8 of
159 .

Signal processor fault ‘n format ion is thus obtained in pulse form
at o u t p u t  terminal 8 of 139. Here a l og i ca l  ONE p u l s e  occ urs from a
fal se—OFF icUlt presented during TC12 + t or a false-ON presen ted during
TC22 + t.

The latch ing network which retains false—OFF fault informatior. con-
sis ts of SAND gates 1—2—3 and 4—5—6 of 1315. Should a false—OFF fault
pulse (the second term In the equation) occur during TC12 , it and a key—

— ing p u l s e  r e p r e s e n t i n g  TC 12 + t are then combined to provide an actuating
pulse at SET terninal 1 of the latch . This resul ts in an inverted EFA
si gna l  in log ica l ZERO for -n  b e i n g  app l ied  to t e r m i n a l  9—10 of trip le NA~ND
outp ut gate 1312. 1-Then proper operation of the amp lifier ch annels has been
restored , a reset pulse generated by the combination of TC 12 + t and the
amplifier outputs at NAND gate 12— 13—il of 1315 is app lied to RESET terminal
5 of the latch . This action changes the logical ZERO fault presentation
at terminals 9—10 of Ul2 to a ONE.

In like fash ion , the la tching network which retains false-ON fault
Information consists of NAND gates 12—13—11 and 9—10— 8 of 1314. Here , a
false—ON faul t pulse occurring during TC22 is combined with a keying
pulse representing TC22 + t at NAND gate 1—2— 3 of U14 to provide an
ac tuating pulse to SET terminal 12 of the latch .

Th e rep ai r of s ignal process or false—ON faults will now eliminate
output fault pulse EFA from terminal 8 of 159 and cause a logical ZERO to
e x i s t  a t  t e r n l n a l  1 of 1314 dur ing  t u r n — o f f  pu lse  TC22. This condition
w ill allow a differentiated TC22 -‘ t pulse to reset the Ul4 latch . (The
differentiation is performed by Cl9 and RIO.) The result is that the
falsL-OS fault ZERO pre sentation at terminal 11 of trip le NAND gate
9-1O-ll-~ of 1312 is replaced by a no—faul t logical ONE.

In a manner similar to the operation of the CFA output gate 12—13—11
ot~ U~~, a fault ZERO at either input terminal 9—10 or Ii of NAND gate
9—10— 11—8 of 1312 causes a logical ONE EFA fault output signal at terminal
B of 1312. Here , restoration of proper opera tion w i l l  change the log ical
ONE to a normal no—fault ZERO .
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Sensor  c~o le and s f ~~n a l  p roces so r  f a u l t s  f o r  loop B are obtained in
iden ti ca l ~ashion with alarm channel amp lifiers 81 , B2 and B3. A group ing
of the fau . : equations for both sensor cable—alarm channel systems is
presented below :

CFA • A l 2  T~T~ ‘~~7 + AT AT A3 TC12 ~~~~~~~~~

CF B B 12 T~T~ ~~fl + ~~ 83 TC 12 T~~~2~~~

EFA • ‘
~~T~ TCZ2 (Al + A2)

+ TCI2 T~~~~~~~ (Al AT + AT AZ + AT)

EFB = ‘!‘~T~ TC22 (Bl + B2)
+ TC 12 ‘IT’fl (81 ~ + ~T B 2 +

Here , th e terms TCI2 + t and TC22 + t have not been show-n because
they are  no t  used in f a u l t  pu l se  g e n e r a t i o n , bu t in pulse detection only .

2.3 Multip le Output Circu ltr-i

The multip le output board , board A f or examp le , provides in the
ma in , overheat detection and signal presentation (OHA) for its associated
sensor cable— signal processor channel , a b idirectional solid state inter-
lock between OHA and correspondingl y , cable fau lt signal CFA and signal
processor faul t signal EFA , a simple electronic fault term COHFA , and
stretched pulse s TCI2 and TC22 which are expansions of clock pulses  TC1
and TC2, respectivel y . Refer to Figure 17.

One genera ted through first—come first—serv e logic , OHA is app l ied
to the Crew Read—out U n i t  for storage to be combined with othe r signals ,
should they occur. Sigr.nls CFA and EFA are by way of f i r s t — c o m e  f i r s t —
serve logic, applied to the signal correlator board to be combined with
those fail term s , which heretofore , have not been considered (fail terms
fo r  the clock and power supp l ie s )  to d e r i v e  OHFA . The CFA s i g n a l  is also
app l i ed  to the M a i nt e n a n :e  i~a rn i n g  U n i t  f o r  p r e s e n t a t i o n  of a cable f a u l t .

2.3.1 Overheat D e t e c t i o n  ( C h a n n e l  A f o r  examp le )

A stud y of the t ruth table shown in Appendix IV results in the
following equation of overheat si gnal OH~A:

OHA = T~~T~~ A2 1

Here , A2l indicates the sequence of actuation of pr ocessor amplifier A2
bef ore Al which occurs  when a non—instantaneous overheat condition is
sensed by Cable A during the no—test period.

2.3.1 .1 Overhea t and Reset Logic

An overheat condition , A2 b efo r e Al , is detected by J—K flip—flop
14—1—13 , of 133 , and r e t a i n e d  b y a l a t c h  c i r c u i t  consisting of NAND gates
4-5-6 and 10—9—B of 134. Both flip—flop and latch circuit are maintained
in a normally reset state by the condition represented by the equation :

RESET = (TC12 + t)(TC22 + t) ATAT
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Here  the  ove ra l l  i nve r s ion  s i g n i f i e s  t h a t  the reset  s igna l  is a
logical ZERO which exists when Al and A2 are normal  (each zero)  d u r i n g
the  n o — t e s t  pe r iod . T~T~ + t and ~~~~~~~~~ + t are used to ensure that Al
and .A2 have been attained In the region beyond test.

The rese t  term is obtained with 4 i n p u t  NAND gate 1—2— 4— 5 of Ul.
Here , TCI2 + t , TC22 + t , AT and AT (by way of inve r t e r  3—4 of U 12) are
normally applied as logical ONE ’s to Input terminals 1,2,4 and 5 respec—
tively of NAND gate Ul. This results in the reset function described
above being provided at output terminal 6 of 131. By way of the delay
network  c o n s i s t i n g  of r e s i s t o r  R l l , c a p a c i t o r  C12 , and biased comparator
11—12-8 of U5 , and inverter 13—12 of Ull , reset is also transmitted to
output terminal 43 where it is applied to the Crew Readout Unit as OHA
RESET.

To present the no— test interval , TC 12 and TC22 are NANDed at  Input
terminal s 9 and 10, respec tively of NAND gate ‘1.

When activated by an overheat condition , A2 appears f i r s t  and is
app l ied to J te rminal  14 cf J—K f l i p — f l o p  U3 . In addition , reset is re-
moved. Al , in follow ing A2 , provides , by way of input terminal 12 of
UI and the circuit consisting of inverter 3—4 of 152, capac itor C4 , and
input terminal 13 of input NAND gate Ul , a signal which when combined with
TZ~T~ and 1i~T~~ at terminals 9 and 10 respectively , generates a one—shot
pulse representing T~T2~ ~~~ Al.

This pulse , when applied to clock terminal 1 of 153 permits A2 in—
tormation existing at J terminal 4 to be transmitted in inverted form to
inverted output terminal 13. The resulting log ic is ~TZT~ ‘1’~r27 A2l where
the overall ir.version symbol denotes that an overheat condition is detected
and p re sen ted  as a logical ZERO . This signal is applied to latch SET ter-
m i n a l  of 134. La tch  o u t p u t  at  te rmina l  6 of U4 is now T~~~~7 A2 1
(actually OHA ) w h i c h  by way of the low pass filter consisting of resistor
R~~, capac itor C6, and b iased comparator 155 , is app lied as a log ical ONE to
SAND ga te 3- .i~-5— 6 of 157. Th is SAND gate forms p a r t  of the sol id statt~
inter1o~ k circu itr y between OHA and CFA or EFA . If , at this time , there
is no cable fault or signal processor elec tronic fault , CFA and EFA appe ar
as log ica l SE ’s at terminals 4 and 5, respec tively , of NAND gate 3—4—5—6
ot  137 , tSereb y permitting OHA input at terminal 3 to generate a logical
ZERO at output terminal 6 of 137 .

This ZERO output , af ter be ing inverted , appears as a logical ONE
(OHA FIRST) at output terminal 35. In addition , this ZERO output is also
app l i ed r termi nals 1 and 11 of NAND gate 1—2— 13— 12 and 9— 10—11—8 of 137.
Th is aotion forces CFA and EFA to  stay at locigal ONE levels , thereby re-
t a i n i n g  OHA a t  SAND ~,a t e  3 — 4 — 5 - 6  of 137 and also preventing the presenta-
t ion of a CFA or EFA o t ’t p u t .

When an overheat condition has passed and sensor cable A is once
again at a normal no—alarm resLstance level , A2 and Al become deactiva ted.
In turn , log ioal ONE signals again appear at terminals 1, 2, 4 and 5 of
NAND gate UI; the reset term (TCI2 + t )  (TC22 + t )  ~T A T  Is again gener-
ated , 1—K fl ip—flop 14—1— 13 of U3 and the overheat latch discussed above ,
are reset and an OHA RESET signal in logical DNE form again appears at
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t e rmina l  43 for reset ope ra t ion  of the OHA alarm circuit ry located in the
Crew Readout Unit.

The overheat pulse from terminal 8 of UI will be lost if Al becomes
ONE during tes t time , when TC12 or TC22 are ONE. Then no OVERHEAT indica-
tion will be given. Since TC12 and TC22 occupy about 80 milliseconds of
the 14.4 second tes t cycle , one would expec t this condition to occur about
.080/14. 4 = .0055% of the  t ime . This  would mean tha t  about  one out of
every 180 overheat cond i t i ons  ( r e s u l t i n g  from one cable)  would not give an
OVERHEAT indication . Experiments , however , show that only about one out
of every 2900 overhe at conditions is missed. The reason for  th i s  dis-
crepancy is unknown .

2.3.2 CFA and EFA Log ic and Interlock .

Since cable faul t (CFA) and si gnal  processor fault (EFA) information
is derived from the same set of signal processor amplifier channels Al ,
A2 and A3 , the occurrence of both events , if not differentiated , could
lead to unintelligible Information (two lines in the truth table at one
time). For this reason , CFA and EFA are retained on a first—come first—
serve pr iority basis by way of Interlock circuitry . This circuitry con—
sists of NAND ga tes 1—2—13—12 and 9—10—11—8 of U7.

By way of the delay network consisting of resistor Rl7 , capaci tor
Cl9 , and b iased comparator 3—4—15 of U6 , a CFA signal , genera ted by the
circuitry described in Section 2.2 is applied as a logical ONE to input
terminal 2 of 157. In analogous fashion , an EFA signal , obtained by way
of the del ay network consisting of resistor R24 , capaci tor C22 , and biased
comparator 11—12— 8 is applied as a logical ONE to Input terminal 10 of
157.

It should be observed that the normal no—fault no—alarm state of
~~~~~~~~ 

~~~~~~ , and Th~~~~ are app l ie d as l ogical  ONE ’s to their corresponding
interlock opposites. That is , ~~~~A and EFA are app lied to terminals 4 and
5, respect ively , of OHA gate 3—4—5 of 157, CFA is app lied to terminal 9 of
EFA gate 9—10-11—8 of 157, EFA is app lied to terminal 13 of CFA gate 1—2—13
of 157 , and ~51~A~ is app lied to both CFA and EFA gates as desc (be~ previous—
ly . Thus an alarm state for any one of these variables will -~asult in
its inverted form locking out the other two .

2.3.3 COHF Circuitry and Logic (Channel A, for example )

As d i sc us sed previous ly , signal processor faults which cause a loss
in detection of either cable faults or overheat conditions are desi gnated
as EF (EFA fo r  loop A , fo r  e x a m p l e ) .  Even thoug h f a u l t s  of l e s se r  sever-
i ty would not necessarily affec t normal operation , they would constitute
an impend ing danger in being the cause of future faults of greater sever—
ity. The term for these faults , in signal proces sor A , fo r  examp le , is
COHFA .

An exami nation of the faults In the truth table lead to a selection
of this equation for COHFA:

COHFA T~T~ TC22 A3
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This term is obtained by use of NAND gate 3—4—5—6 of 158 and retained
by a latch consisting of NAND gates 1—2—13—12 and 9—10 11—8 of U8. Here
stat es i~I~,_ TC22 and A3 are applied to terminal s 3, 4 and 5 respectively .
If during T~T2 TC2 2, A3 is In a false—ON state , all inputs then appear as
log ical ONE ’s. This condition results in a logical ZERO output at terminal
6 of U8 which, when applied to terminal 1—2 , sets the latch . The result-
ing output of the latch , at terminal 12 of U8 is , by way of inverters 11—10
of U2 and 9—8 of 1511 , presented as a logical CNE COHFA signal  at output
terminal 49 for transmission to the following signal correlator circuit.

Afte r repair , A3 then appears as a logical ZERO during ‘~T! TC22 and
resets the latch described above , causing the COHF A signal at output ter-
minal 49 to be restored to a normal no—fault ZERO

2.3.4 TCI2 and TC22 Circuitry

As stated previous ly, test pulses TC1 and TC2 are generated by clock
circ uitry . Their pulse widths , normally 25 and 15 milliseconds , res pec-
ti vely, are quite adequate for imp lementing the diagnostics of U/V fire and
fire fault detection , but because of the timing relations between overheat
amp lifier channels Al and A2 , are too small for overheat and overheat
fault detection.

TC 12, nominally 45 milliseconds , is obtained by applying TC1 to a
pulse stretching network consisting of one—shot multivibrator 4—6 of 179
located on the A board . The resulting output is by way of inverters 13—12
of 172 and 11—10 of 1711 app lied to output terminals 41 and 47 for use at all
overheat signal processor circuits and fault circuits (A and B). In like
fashion TC22 , nominally 35 millisecond s , is obtained by way of one—shot
multivibrator 12— 10 of 179 and applied b y way of NAND gate 1—2—3 of 174 and
inverter 1—2 of 1712 to output terminals 19 and 21.

On occasion , when power is first app lied to the CCU , a f a lse TC22
pulse is generated by 179, at the s ame t ime that TC12 is generated. This
false pulse is believed to be caused by turn—on transients , and can seri-
ously disrupt the system operation . For this reason , a connection is
made from 172—12 to 174—4 to gate out this undesired pulse.

2.4 Signal Correlator Circuitry and Logic

Signal correlator circuitry combines the secular warning terms of
fire sensor f ailure , fire signal p rocess or failure , overheat sensor failure
(A or B), overheat signal processor failure (A or B), clock failure , and
voltage fail ure , to provide the final signals for overheat fail (OHFA and
OHFB) , fire fail (FFW) , and computer f a i lu re  (C).  This c i rcui t ry, wh ich
is powered by the +5V re ference supp ly, is shown in Figure 18.

2.4.1 C Correl ator Circuitry

The term C represents any electronic failure , simple or serious , in
U/V fire signal processor circuitry , overheat signal processor circuitry ,
in clock circuitry, or in power supply circuitry . The equation representing
this correla tion is:
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C EFA + EFB + COHFA + COHFB

+ CUV (11—31 and 12—32) + CUV (41—61 and 42—62)

+ Clock Monitor + :~~,8
’Qp ,3OpV M o n i t o r  + 5 15 Moni to r

The r igh t side of the above expression are inputs which are applied
to the signal correlator. By way of inverter 1—2 , 3—4 , 5—6 , 9—8 of UI ,
dual NAN D gates 1—2— 3 and 4-5-6 of U3 , NAND gate 155 and NOR gate 9—8—10
of 154, all of the terms are ORed. The resulting output is then inverted
by inverter 1—2 of 152 and presented at output terminal C for transmission
to the Maintenance Warning Unit. For normal no—fault conditions C is a
logical ZERO . When , howeve r, any input presents an electronic fault
alarm , C Is transferred to a log ical ONE state.

2.4.2 ORFA and OHFB Correlator Circuitry

To be comp lete , overheat failure statements must also include the
failure s in clock circuitry and power supply circuitry . The equations for
ORFA and OHFB now become :

OHFA = CFA + EFA
+ Clock MonItor + — 5 ,800,300V Monitor + SV Monitor

OHFB = CFB + EFB
+ Clock Monitor + —5 ,800,300V Mon itor + 5V Monitor

Here , the terms for OHFA , f or examp le , are ORed by way of NAND
gates 1—2— 3 and 4—5— 6 of 153, NOR gate 2—3— 1 of 154, inverter 11—10 of 157,
and NAND gate 1—2—13— 12 of 156. The resulting output from terminal 12 of
156 is , by way of inve rters 1—2 of 157 and 3—4 of 152, presented at output
terminal 41 for transmission to the Crew Readout Unit.

In like fashio n, the terms for OHFB are ORed by way of NAND gates
1—2— 3 and 4—5—6 of 153, NOR gate 6—5—4 of 154, inve rter 13—12 of 177 , and
NAND gate 3—4—5—6 of 156. The resulting output from terminal 6 of 156 is
by way of i n v e r t e r s  3—4 of U7 and 5—6 of 152 presen ted at output terminal
45.

For normal no—fault conditions OHFA and OHFB are logical ZERO ’s.
Should a cable or s ignal processor fault appear at the input , OHFA or
OHFB (or both if a fault occurs in each channel) will change from log ical
ZERO to logical ONE. When a clock or power f a i l u r e  appears , bo th  OHFA
and OHFB will change from ZERO to ONE. The individua l presen tation of
OHFA or OHFB to the Crew Readout Unit will result simp ly in their storage
for future use. The presentation of both ONFA and OHFB , however , will
result in the disp lay of OHEAT FAlL in the Crew Readout Unit.

2.4.3 FFW Correla tion Circuitry

In a manner analogous to the final generation of ORFA and OHFB,
FFW is obtained by combining the fire fail warning signal !T~~~ wi th both
clock and power failure warning. The equation showing this relation is:
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FFW - FFW

+ Clock Monitor + 5 , 800 , 800V M o n i t o r  + 5V Monitor

Here the terms for FFW are ORed b y way of NAND gates 1—2—3 and 4—5—6
of 153 , inverter 9—8 of 157, and NAND gate 9—10—11—8 of U6. The output at
terminal 8 of 156 is app lied by way of inverter 5— 6 of 737 and 9—8 of 152 to
output terminal 49.

A presentat ion of a fault signal at any input will cause the output ,
FFW , to change from a normal no—fault logical ZERO to a log ical ONE .

3. CLOCK GENERATOR AND PULSE TIMING

All of the timing si gnals necessary to opera te the f ire de tec tion
system and the ove rheat detection system emanate from this circuit (refer
to Figure 19.) The circuit consists of a clock pulse generator whose
output is applied to four cascaded counter circuits to obtain pulse edges
at certain intervals of time . These timed pulse edges are then decoded
and summed to yield the test pulses employed in this system.

3.1 The Cl ock

The clock pulse generator consists of an integrating circuit timing
oscillator 152. Resistors Ri and R2 and capacitor Cl are employed with U2
to generate the basic clock pulse at output terminal 3 of U2. This pulse
is a periodic square wave voltage whose width and period of repetition
are nominally 100 microseconds and one millisecond , respec tively.

3.2 Counting

By way of inverter 9—8 of 1513, the clock pulse is applied to a cas-
caded counter circuit consisting , in the main , of integrated circui t
counte rs  154, 153, 115 and 156. Here , U3 , 154 and U6 are 4—BIT ripp le binary
co un ters , wh ile U5 is a decade counter wired to provide divide—by—ten
c o u n t i n g .  By way of NAND gate 9—10—12—13—8 of 1512 and NAND gate 1—2—3 of
1510 , 154 counts and r e se t s  w i t h  eve ry 15 p u l s e s  app lied f rom the clock so
as to pr ovide a single 100 m icrosecond pulse about every 15 mill iseconds ,
a divide by 15 operat ion.

The outp ut of U4 is now app lied to 153, which in turn , provides
periodic half—period square wave pulses every 30, 60 , 120 and 240 mill i-
seconds (pulse widths of 15 , 30 , 60 and 120 milliseconds respective ly) at
terminals 13 , 9, 10 , and 12 respect ive ly. here , the 60 millisecond pulse
(with a period of 120 milliseconds) at terminal 10 represents a divide—by—
8 outpu t which is now app lied to divide—b y—lO counter US to obtain 600
millisecond p u l s e s every 1200 milliseconds. This periodic voltage is
applied to input terminal 14 of 156.

Output terminal 12 of 156 p rovides an unsymmetrical square wave 9.6
seconds long , w h i c h  is repea ted every 14.4 seconds . Repetition is accoin—
p u shed by emp loying the coded o u t p u t s  of t e r m i n a l s  12 , 10 , 9 and 13 when
they render the logic presen tation 1, 1, 0, 0 respec tively. (This is the
standard binFt rv presentation for an input count of 12.) By way of inverters
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1—2 and 3—4 of U l 8 , NAND gate  1 — 2 — 4 — 5 — 6  of U 12 , inver ter  5—6 of 1117 and
NAND gates 10—9—8 and 12— 13— il of UlO , this divide—by— 12 output array
gene rates a reset pulse into terminal 2 of 116, and the process is then
repeated 14.4 seconds later (12 counts X 1200 mil l i seconds  per count).

The posi tive—going front edge of the 9.6 second output pulse is
app lied every 14. 4 seconds to clock terminals 11 and 3 of D—type flip—
f lops  12— 9 and 2— 5 of 119 , r e s p e c t i v e l y ,  y i e l d i n g  a log ica l  ONE ou tpu t  at
Q t e rmina l s  9 and 5 and a logical  ZERO at ~ t e rmina ls  8 and 6 eve ry 14.4
seconds . The f l i p — f l o p s provide a s t a r t  time reference at which some of
the pu l ses  p rev ious ly  mentioned are keyed to generate  the tes t  pulses
employed in the overhea t and fire signal processor and logic circuitry .

3.3 Fire  Test  Pulses

3.3.1 Test  Pu lse  TT

Tes t pulse Tt is appl ied  to both the 13/V glow lamp swi tch and f ire
warning logic circuitry every 14.4 seconds.

The pulse width of TT is established by first NANDing the binary
outputs at terminals 13 , 9 and 10 of counter 113 at NAND gate  9— 10—11 — 8 of
Ul. The resul ting output at terminal 8 of Ui appears as a per iodic  ONE
voltage pulse wh ich is 105 m i l l i s e c o n d s  wide and is repeated every 120
milliseconds.

Since counter U3 is l inked by counters  U5 and 116 to the bas ic  14.4
second t iming  per iod  (about 4 time s a m i n u t e ) ,  the f r o n t  edge of the f i r s t
105 mill isecond pulse will coincide with the beg inning of the 14.4 second
period. The two signals are combined at D—type flip—flop U9 and, by way
of inverter 3—4 of 1114, are presented as a ZERO level pulse (ONE going to
ZERO) which is nominall y 105 m illiseconds wide and repeated every 14 .4
seconds . This  pu l se , TI is presented at c i rcu i t  output  terminal  6.

3.3.2 Test Pulse T2

Test pulse T2 is employed to implement the testing of the U/V signal
proces sor operating in conjunction with Fire Warning circuitry . This tes t
is app lied to each U/V alarm channel (Signal Processor and Fire Warning) .
The pulse is essentiall y a group of 15 log ical ONE pulses  grouped in a
15 millisecond time envelope. This group is app l ied approximate l y 105
mill iseconds after the initiation of the system (14.4 second period) rese t
pulse and reapp l ied  eve ry 14.4 seconds.

T2 is obtained by NANDing the one kiloher tz output clock U2 wi th a
15 millisecond time envelope which is repeated every test  time (14 . 4
seconds). The envelope is obtained by NANDing the 105 millisecond ~ out-
pu t and the 120 millisecond Q output at output terminals 8 and 5, respec-
tive ly, of D— type flip—flop U9 which is clocked every 14.4 seconds .

3.3.3 Test Pulse  T

Test pulse ¶ is used in conjunction_with test pulse ‘TT to test Fire
Fail warning logic. It is obtained from Q output terminal 6 of D—type
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fl ip—flop 15-9 and , by inverters 11—10 of 1513 and 11—1 0 of Oil , app lied tc-
outp ut terminal 7. Output T is normally at a ONE lo1 ic leve l but is trans—
ferred to a ZERO leve l for 120 milliseconds at the beg inning of eve ry
sy stem reset per iod of 14.4 seconds (aOi-ut 1 tti~~s a minute).

3.3.4 Test Pulse TA

Output ¶~~ is used to te~~t Fire I- .’aLning logic -
~~rcui trv . It has a

normal logic ONE value which is changed to Z~-~RU fo: 125 mi1l i~ econds ~~t

the beginning of every systerr roset t~~~~
-
~
- c -c cu r r ~ ng every 1 . 4 ~ieconds

(about -I times a minute).

The source of TA is Q output termInal 5 and ~ output terminal 6 of
D—type fl ip—flo p 15—9 . 0 is a 120 mii1is~ cond wide log ic ZERO pulse occur-
r ing eve ry 14 .4 seconds . Here , Q is applied by way of i nverters 3—4 of
1713 and 5— b of 1515 , to a delay—shift notw crk cons~ st in ~ of resistor R5 ,
capacit or C7 a-d inverter 1—2 of 1515. The output of th-~ sh ift network is
now NAN Ded ~‘Lch Q to gerleri ’e a log ic ONE pulse at terminal 8 of NAND gate
U16 wh ich is 125 milliseconds wide . By way of inv~ rter 13— 12 of 1515 this
p u i - e  is now i : -v e r t e d  in t c -  o i t p u t  s i g n a l  ~~ and appl ied to output terminal
5.

3.3.5 Test Pvlse Ti Re~ et

Ti Reset is a lc-~ f 1a 1  ONE double pulse which is used to imp lement a
reset operation oo the retriggera~~1e monostable tnultivibrators in the U/V
signal processor. The first pulse is c~ nerated at the beginning of system
r e se t  and the second pulse occurs 120 milliseconds later. This process
is repeated at the beginning of each system reset period of 14.4 seconds

F (about four per minute).

A per iodic p u l s e  is firs t generated by N -\NDing the inverted outputs
at terminals 9 , 10 and 12 of counter 154 wi th the inverted outputs of 9
and 10 of counter 153. The result at output terminal 8 of NAND gate 7311 is
now inver ted and app l ied to input terminal 12 of NAND ga te 1516 where it
appears as a periodic logical ONE pulse about 100 microseconds wide which
is repeated every 120 milliseconds .

The other input to terminal 13 of NI\NLI gate 1516 receives the inverse
of TA (refer to 3.3.4), name ly TW , wh ich is a logical ONE pulse 125 milli-
seconds w ide occurring at the beginning of each syst en reset period of
14 .6 seconds. The output ~r term inal 11 of NAND gate Ul6 is inverted by
inver ter 3—4 of 1315 and appears as the 1o~ ical ONE double pu lse , Ti Rese t.

3 .3 .6  Test  Pulse Y R e s e t

¶ Reset is a reset pulse which is app l i ed  to the U/V s ignal  proces-
sor every 2 . 4 seconds . The 2 . 4 second r e p e t i t i o n  t ime is o b t a i n e d  f rom
output tercilnal 9 of counter 126 w h i c h  p re sen t s  a h a l f - w a v e  p u l s e  2 . 4  sec-
onds wide ever\- -4 .8 seconds. This output is applied to terminal Z to
provide a positive logical ONE keying pulse every 2.4 seconds to input
terminal I of NAN D gate 138 which combines the keying pulse with TA , a
log ical ZERO pulse 125 milliseconds wide which is generated every 14.4
seconds (refer to par~ :raph 3.3.3). The output (if 158-3 is now NANDed with

- ~~~~~~~~~~~~~



the inverse of TI rese t , name ly Ti Rese t , a logical ZERO double pulse
occurrin1 every 14.4 seconds (refer to paragraph 3.3.5). The resulting
output , T Reset , is a logical ONE pulse about 100 microseconds wide which
is repeated every 2 . 4  seconds and is synchronized  wi th  the 14.4 second
system test cycle. Every sixth pulse , at test time , is double.

3. 4 Overhea t Test Pulses TCI (Turn—on) and TC2 (Turn—Off)

3.4.1 Test Pulse TC1 (Turn—On)

Outpu t  TCI is a normal logic ZERO level voltage that is transferred
to a logical ONE leve l for 29 mill iseconds every sys tem tes t time (4
times a minute). It is app lied to the overheat detection system. It is
ob tained by combining Ti (obtained by inver ting ‘t’T with inverter 9—8 of
Ul5) with the inverted forms of outputs 9 and 10 of counter 133 (by way
of inverters 13—12 of Ul8 and 5—6 of 1718) at NAND gate 5—4— 3— 6 of 121.
The resul t is a logic ZERO pulse lasting about 29 milliseconds which , by
way of inverter 5—6 of 1714, is formed into TC1.

3.4.2 Test Pulse TC2 (Turn—Off)

Output  TC2 is a normal  logic ZERO vo l tage  which  is t r a n s f e r r e d  to a
logic ONE state 105 milliseconds after the start of each system t e s t .
The logic ONE state exists for about 15 milliseconds. It is app lied to
the overheat detection system. It is der ived by NANDing the 105 milli-
second Q output and 120 millisecond Q output at terminals 8 and 5,
respectively , of D— type flip—flop U9 at NAND gate 12— 13--Il of US. This
results in a normally ONE state signal which is transferred to ZERO 105
milliseconds af ter the start of each system test (every 14.4 seconds) and
res tored  to logic level ONE 15 mi l l i seconds  l a t e r .  This output  is in—
ver ted  b y inver te r  13—12 of 1314 into output si gnal TC2.

3.5 Clock M o n i t o r

The clock moni to r  is a checking c i r c u i t  tha t  de te rmines  proper  clock
operat ion . It consists of retriggerable monostable multivibrator 1319
wh ich with resis tor R7 and capac itors C2 , C3 and C4 has a time cons tant
of 2 .9 sec onds . Tha t is , for a given input  pulse , the m u l tiv i b r a t o r  out-
pu t pulse lasts 2.9 seconds . If input pulses are repeated within 2.9
seconds , the output is maintained at a logical ONE level. The actual
input is a logical ONE periodic voltage obtained from the output 13 of
counter 116. it is 600 milliseconds wide and is repeated every l2CO milli-
seconds. If this input is interrupted for more than 2.9 seconds , the
mul tivibrator output will go to logical ZERO . This signal is sent to the
Signal Correlator to generate FAIL signals for the Crew Readout Unit and
the Main tenance  Warning U n i t .

4. POWER SUPPLIES

The Computer Control Uni t contains a transient and reverse voltage
pro tec ted power s upp ly sys tem which operates on 28 DC V aircraft power
(refer to Figure 11). This system consists of two main switching regu-
la tors , a DC to AC inver ter , and two linear regulators . One switching
regulator supp lies , by way of a load f i l ter , 8.5 DC V power to the DC to
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AC inverter. The other switching regulator provides an 800 AC V square
wave for ultraviolet sensor tube circuitry , and by way of simple rectifier
circuitry , 300 DC V for ultraviolet test lamp circuitry and negative vol—
tage f o r  one l i nea r  r egu la to r  which supplies  —S DC V to log ic c i r c u i t r y .
The other linear regulator , in conjunction with a storage capacitor , is
used as a reference supp ly providing prolonged storage type +5 DC V to
both signal correlator circuitry and voltage monitoring circuitry .

4.1 Transient and Reverse Voltage Protection

Reverse voltage protection is accomplished by way of a fast recovery
powe r r e c t i f i e r  connected in ser ies  w i t h  the 28 DC V input power line .

As shown in Figure 20 , DC power is applied by way of the rectifier
to the transient suppression network which consists of an inductor—resistor
circu it connected in series with the power supply system and a voltage—
clamping zener diode network connected across the power supply system .
Here , the inductor  is used to block h igh—vol tage , h igh—frequency  (micro-
seconds to milliseconds ) transients and to provide sufficient time for the
zener  diodes to become e f f e c t i v e . The res is tor  is used to provide current—
limiting protection to the zener diodes for relativel y long—term transients .

4 .2 Swi tch ing  Regula tor

Switching regulators provide at least three major advantages over
linear regulators . These are: (1) higher efficiency , seventy—five to
eighty—f ive percent being typical; (2) the use of fewer components and (3)
smaller size for a given output power. The switching regulators used in
the IFOS are of the self—oscillating type .

The b a s i c  c i rcu i t  is shown in Figure 21. Here , the comparator—
d r i v e r  senses the vol tage  across the inductor , this vol tage being re la ted
to the cur ren t  1

L 
by the equa tion:
di
L

EL 
= L ~~

—.

Init ially , the load vo l t age  Vo w i l l  be zero , and QI w i l l  be ON. The vol.-
tage  at the non inve r t ing  input  w i l l  approach this value :

Rb Ra
V 1 V j f l  R a + Rb 

+ V ref R a + Rb

When Vo reaches V 1, the compara tor will swi tch , turning Ql off. The diode ,
CR1 , now becomes forward biased and w i l l  supply a path for the inductor
c u r r e n t .  This cur ren t  and the sense vol tage  w i l l  s t a r t  to decrease un t i l
Vo reaches th i s  value :

Rb Ra
V2 0 

Ra + Rb 
+ V ref Ra + Rb

The comparator will swi tch , Ql w i l l  be tu rned  back on , and the cycle w i l l
repeat.
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Vo , the output vol tage , w ill necessarily contain a ripp le vol tage .
By properly selec ting the values of Ra and Rb , the r ipp le  vol tage  magni-
tude can be kept small. The d.c. component of the output voltage will
then be app rox ima te ly  V ref ~

The swi tching frequency depends on component values , the input
vo l t age  v

~rt~ 
and the average load c u r r e n t  ‘L- By making t h i s  f r e q u e n c y

hi gh , induc tor  s ize  can be min imized , bu t  then the s e l e c t i o n  of a sui t-
able pass—transistor and diode becomes more critical.

Figure 22 shows the schematic of the switching regulator circuits
used in the IFOS. The MC 1569R i n t eg ra t ed  c i r c u i t  p e r f o r m s the compara tor
function . The two 2N1711 transistors are used to provide current—limiting .
Potentiometers Rl7 and R20 are used to adjus t the two output voltages to
the exac t values required. Diodes CR2 , CR3 , CR4 and CR5 are used to pre-
vent the comparator from being driven into saturation , wh ich would cause
a decre ase in efficiency .

4.3 DC to AC Converter

Opera tional theory common to most  transistor inverters is illus-
trated by cons idering the basic push—pull saturable—transforme r —

coupled two—transistor oscillator circuit of Figure 23.

Here , transformer flux oscillates between the two s t a t e s  of f l u x
dens ity saturation , M and K , shown in Figure 24. The frequency of
oscillation can be descr ibed by the following equa tion:

f = V x l08/4NIAB

where f is the opera t ing freq uency in her t z , V is the peak voltage across
the primary wind ing of Ni tu rns , A is the cross—sectional area of the
core in square cen t imete r s , and B is the saturation flux dens i ty in gauss.
Here , t r a n s f o r m e r  f l u x  is equal  to the p r o d u c t  of f l u x  d e n s i t y  and core
area ($ = BA) .

R e s i s t o r s  RB 1 and RB2 are emp loyed to equa l i ze  the base drive of
NPN switching transistors Ql and Q2 , respectively . Resistor R5 assures
s t a r t — u p  cu r ren t  to transistor Ql to ensure the start of proper oscilla-
tion.

When vol tage Vec is app lied and Qi is turned on , the entire voltage
less transistor saturation voltage , is app lied across upper primary wind-
ing Ni (V 17CC —VceSAT). Current (magnetizing and load) starts to flow
i n to  the no—dot end of upper  w i n d i n g  Ni , and flux and flux density change
as a f u n c t i o n  of t ime ( f r om  saturation level M through J toward sa tura t ion
leve l K) at a cons tant rate to satisfy the equa t ion :

V = L

This action causes voltages to be induced which are positive at the no—dot
ends of the w i n d i n g s , provid ing , thereb y ,  a sus t a in ing  bas e drive to tran-
sis tor QI , an “off”  base vol tage to transistor Q2 , and a cons tant output

~1/72

- - — - -—-— -----.---
~~~~~

-
~~
— -—  - -------- --- ——-- - .- - -

~~~~~~~~~~~——



—-5- ‘ -5-- - - 5 -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ __ _  
--5— 

___ ___ - -~
_w--

.~~~V ~~~~ 5V I~EG 
~‘) 1< — —

46-4k
_____ ~~~~~~~~~ ~1~ 

CliI 
~uro.-~ ‘R~~T~~) 1 .J%h~~

I cac ..’ ~~~D) -

~~~~~~ I fyY-r1 J - -
— — 

-
F 

- — --— - - ---— L 
~~~~~~~~~ 

— —

LW~~1~~Z 
iow.

L~~l~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

T~
I . ~~ I Iz.~ v ~e. +ssv ~~~~ (~~ 

~~
E— - --i- —-i 

~~~~—v\,V--~~~ 4J , 4 ~~~~~~~~~~‘

~~~~ 

ffv

~
_

~~~~~

9

~~~~~~~~~ t 

.1Lj~~~L 
~~~

f GUD(S)<
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— 

‘

~~~~

~~~~~~ 
—___________________

B — -— - 
- 

~~OT f .  c~ -o b~“ ~~~ 

uouwt~~
1~0 3 - 4

(4~ D (I5~< 
M~~. 

-5- -—-— — 

-5I 
_ _ _ _  _—_ _ _ _ __ _

_
~~~ •~ ,.~c, j

_ _  _ _  — — —  —

~~~~~~~ ~~~~~~ &~~ WOQI(~~~ .~~~74

~~~~~ ~~OA~~D -‘.! ~~1 - —  440 2

Figure 22. Printed Wiring Schem

- 

—-5-— ---—-5-— - -—— — ----5--- - —- - 5- - -  -5



__ ----5— - --— -5 — __ -5— ___ - -—--5- —-5-— - -

— ~~~~~~-— -— - - —- -~~~  ~~ 
- 5 E

~ ,-~ :~~
-~~ V

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _- —
~~~~~I&~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

_ _

~~~~~~~~~~~~~~~~~

1 
_ _ _  

2u3!
~~~~~~

>
~~

___  - - - - - — -5 —

I J I 

I __ 
_ _ _ _  I -- - — 

- — - -
~~~~3 I IN~~~~4 -

_ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

J_ _ _  
- ~~~~~~~~~~~~ 

-

~~~~~ 

- -

~~~~~~~~~ ~~~~~~~~~ 

~~~ 

:~~~~

____________ 
— 

I 
— 

T 

>1) (~~ OT ~~~~~~~~

IJOlt - C4 ~~ I >O7)~sor )i.E~D)
MOu~flW CL 0SI 

~.4OU

— — — — — — — — — — — — — — — J

ited Wiring Schematic, Switching Regulator

73/74 

-5—- ---5-~~~-— ~~~~~~ 



- -- -5- --5- -—---- ---5 - -~~~~~~~~~~~~~~~~~~
-_ - - - --- -5

~~~~~
- -- --5- 

-5- - -  —-- —---
~~~~- - - -

- -- -—-

_ _ _  

N3~~~~

~‘JIT~\ 
All

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  

R~ 

—--——--—---.

~~ 1’
__ 

•

Ga I___ ______

WV -  

•

Raz

FIgure 23. Basic Converter Circuit

FLUX t~ NSIT Y - b
‘
~,AUSS)

L —-— v

_________ ____MW

~

NE TISI N~
-
- OERST E DS

Figure 24. Transformer B-H Curv e

75

-- - -5- -  -5 — - -5 - - --- -— - 
~~~ - ~~~~~~~~~~~~~



~~
,——

~~
- _ —

~~- -5-5-- -
~~~
--:- -

~~~~---~~
------ —---- ‘-- - --— - -•----~~~~~~~~~~~~~~ 

- - - 5 -- — --5— -

~~~

vol tage  w h i c h  is p o s it i v e  at the no—dot  end of o u t pu t  wind ing  N2 .  A l l
vol tages are induced according to the equation :

e = N ~~~- x  10 8

where  e is the voltage induced in the winding N under consideration , and

• d~~/d t  is the ra te  of change of f l u x  l i nked  w i t h  w i n d in g  N .

This condition continues u n t i l  f l u x  reaches the s a t u r a t i o n  level
de noted by K on Figure 24 . Then , D~ /d t and hence the base voltages , de—

• crease rap idly. This causes transistor Ql to turn off , and , by circuit
interr uption of upper winding Ni , an induc tive kickback which reverses
the polar ity on all windings causing transistor Q2 to turn on. (The time
for this r eve r sa l  is de te rmined  by transistor response.) As Q2 starts
conduc t ing  cu r r en t  in to  the do t— end  of lower wind ing  NI , t r ans fo rmer f l u x
reverses direction , and fl ux density comes out of saturation leve l K ,
traveling through L toward opposite saturation level M. This action sus—
tains the new voltage polarities keep ing Q2 on and maintaining QI off.
The resulting induction now provides a constant output voltage which is
negat ive at the no—dot end of output winding N2. This constant voltage
is induced until saturation level H is reached where Q2 is turned off and ,
aga in by inductive kickback , Ql is turned on. As these processes are re-
peated during succeeding half—cycles , a square wave AC output voltage is
prod uced.

The converter circuit used in the IFOS is shown in Figure 25. It
is i d e n t i c a l  to the  c i r c u i t  j u s t  descr ibed , except  tha t  R~ is made vari-
abl e. This resistor is carefully adjusted for each individual circuit
board to insure oscillator starting under all conditions of load and tem-
perature .

Osc illation frequency is about 1400 Hz , the exact value being a
funct ion of supp ly voltage and the nature of the load .

It was found that if the converter circuit were powered directl y
from the switching regulator , an undesirable interaction would occur be-
tween the two circuits , b oth of which are oscillators. This problem was
overco me by the use of an isolation network labeled “load filter ” on
Figure 20.

4.4 High—Vol tage Power Supplies

An e i g h t — h u n d r e d — v o l t  square  wave is needed to b i a s  the U /V sensor
t u b e s .  This  is o b t a i n e d  by a hi gh — v o l t a g e  w ind ing on the conver ter
transformer. Two capacitors , C6 and C9 ar e p laced across this w inding to
eliminate switching transients.

The purpos e of the diode CR1 and the resistors R7 , R8 , R9 , Rh , Rl2
and R14 is to provide a low d.c. vol tage  p r o p o r t i o n a l  to the high a .c .

L 

voltage . This low voltage is called “At tenuated 800V” and is used for
monitorin g purposes-—see reference (5). Dur ing initial equipment adjus t-
ment , the high voltage is set to exactly 800V by means of the adjus tment
on the switching regulator. Then , “A tt enua ted 800V ” is se t to exac t ly
l.000V by means of Rl2.
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A thre e—hundred volt direct current supp ly is needed to operate the
te st sources in the U/V detector heads . This is obtained by use of a
second high—vol tage winding on the converte r transformer , a rec t if ier
diode (CR2) , and a filter capacitor (C8).

4 . 5  N ega t ive  Vol tage  Power Supp ly

A negative five volts is required for operation of the CCU circuitry .
This power supp ly is phys ically located on the Converter—Inverter board
and the s chema t i c  appea r s  in Fi gure 25.

A ten—volt square wave is taken from a winding on the converter
transformer. This is changed to d.c. by diode bridge CR3 , and f iltered
by CS. The potential difference is then reduced to five volts by an
integrated—circuit linear voltage regulator , Q2. The output voltage is
se t b y resistors R3 and R4, and is typ ically —5.3V . Res i s tors R5 and R13
limit the output current to about l4OtnA . Further details of operation
can be found in reference (5).

4.6 Reference Supp ly

In order to detect and register certain types of system defects ,
and to simplif y the “reset” ci rcuit ry des cribed in reference (6) , it is
des irable to have available an auxiliary five—volt supply. This “refer-
ence supp ly” should come on before the regular five—volt supp ly when the
main powe r is supp l ied , and should maintain an output voltage longer than
the regular supp ly when power is turned off.

A linear series—type regulator , operated from the main +28 DCV
(after the transient—suppressor) , mee ts the above requirements. Phys—
ically, this circuit is located on the AlO pr inted—circuit board , with
the pass— transistor mounted on the CCIJ sidewall , and the output storage
capaci tor mounted outside of the card rack . Most of the circuitry is
shown in Figure 26 , while the comple te circui t is shown in Figure 27.

In this circuit , the integrated circuit MCI569R supplies a vol tage
reference and an error amp lifier. The 2N6O57 transistor is of course the
series control trans i s tor , wh ile the 2~~l7ll transis tor and the 20 ohm
resis tor are part of the current—limiting circuit. The output voltage is
determined b y the 1.91 Kohm and 6.81 Kohm resistors together with the 2
Kohm potentiometer which is used for exact adjustment. It is the purpose
of the 2700 ufd capacitor to maintain the output volta ge fcr a number of
mill iseconds after power is turned off. Further deta ils can be found in
reference ( 6 ) .

5. VOLTAGE MONITORS

Vol tage monitors are emp loyed in the Computer Contro l Unit to de-
tect failures in power supply circuitry and excessive drift in supp ly
voltages. These malfunctions , in e f fec t , cons titute a major electronic
fault because they can cause improper circuit behavior leading to failures
in f i r e  and overheat  d e t e c t i o n .
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All  vol tage monitor ing is done by way of b r id ge de tec t ion  ne tworks
( r e f e r to Figure 26). Here , signals obtained b y samp ling the supply volt—
ages under consideration are applied to biased integrated circuit compara-
tors which  perform the function of voltage—level detection. A loss or a
prohib itive change in a par ticular supp ly vol tage bey ond a prede termined
leve l causes the corresponding comparator to provide a fail signal to the
si gnal correlator which then gener-ites fail signals for use in the Crew
Readout Un i t  and/or  the Maintenance Warning U n i t .

5.1 800 ACV , 300 DCV , and —5 DCV Voltage Moni toring

Compara tor ou tpu ts for  800 ACV , 300 DCV and —5 DCV vol tage monitor-
ing are “wire ORed” to pull—up resistor R i .  Here , the s igna ls  fo r  normal
no—fault condi tions , and a power supply f a i l u r e , are presen ted as logical
ONE and a log ical ZERO , respect ive ly .

5.1.1 800 ACV Monitor

By way of a r e c t i f i e r  and vol tage divider  s amp ling network located
ne ar the DC to AC inverter , and Cl , a f i l t e r e d  DC analog sig nal of the 800
ACV supply is app lied to a dual—level  de tec t ion  ne twork . This network
consis ts  of se t—poin t  r es i s tors  R2 , RA and R42 , and comparator 12—11—8 of
Ui for high—voltage—level detection , and resis tors R3 , R5 and R4l and com-
parator 3—4—15 of Ui for low—voltage—level detection . Here , the h igh and
low AC voltage bounda ry levels are set at 850 ACV and 750 ACV , respec tively .

When a fire condi tion occurs , transistor Q4 is turned on to lower
the low AC voltage boundary to about 630 volts. Thus loading effects on
the AC supply by the U/V sensor tubes will not disrupt operation .

5.1.2 300 DCV Monitor

By way of a resistive voltage—divider network connected to the 300
VDC output , an analog si gnal of the 300 VDC supply is app lied to term inal
3 of comparator U2. Here , the level below which the 300 VCD supp ly mus t
not drop is 247 volts which is established by set poin t resis tors R8 and
R l l .

S.l 3 —5 DCV Monitor

The —5 DCV supp ly vol tage and the +5 DCV reference supp ly vol tage
are summed by way of resistors R9 and R6 , respec t ively,  at inverting
terminal 12 of comparator U2. If the magnitude of the —5 DCV supp ly v o l t —
age decreases beyond a certain leve l (becomes less negat ive , increasing
toward zero) the net voltage sununed at terminal 11 (established by R7 and
RiO) , and comparator 11—12—8 of U2 then genera tes  ZERO fault signal at
terminal 8.

5 . 2  Line Vol tage and +5 DCV M o n i t o r i ng

The loss or interruption of line voltage and/or +5 DCV power to all
log ic c i rc ui try could , during transition time , be the source of spurious
s ig nals which , in reaching the Crew Readout  Un i t  and Maintenance Warning
Uni t , could give rise to false warnings . Comparators 3—4—15 and 11—12—8

83 

--5~~~~~— --.. — 



~~~~~~~~~~~ ‘ —---.--- — 
“‘~~~~~ 

----

~~~~~~

-—-5--.  

~~~~~~~~~ -‘--- - - -- -
~
-- ----5-

~~ 
‘
~~~~~~~~~~~~

—‘--
~~~ 

--:
~~~

-

U.
+ I

0

U)

L2~~~J1 -_ _

*~~

84 
-

.

-5 -
-
---- - - --5—--— —-5- - --- --- - — - —- —---—-—-

~~--- - - -5 - .-- -.- - ---5 - -- - - ---5 -5-



- - - 5

of U3 are the monitors for the +5 DCV supp ly and line voltage , respect ively ,
and are powered b y the +5 DCV ref erence supp ly discussed in Section 4.6.

5 . 2 . 1  +5 VDC Monitor

By way of vol tage divide r resistors R16 and R20, a signal vol tage
analog of the +5 DCV supp ly vol tage is compared to the set vo l tage  estab-
lished by resistors RiB and R22 and applied to terminal 3 of U3. When
the +5 DCV suppl y vol tage f a i l s , comparator 3—4—15 of U3 provides a ZERO
s ignal  to inver te r  13—12 of US.  In turn , th i s  i nve r t e r  then provides a
logica l  ONE f a u l t  si gnal to the signal correlator which then sends fail
s ignals  to the Crew Readout  U n i t  and Maintenance Warning Unit.

5 . 2 .2  Line Vol tage  Moni tor

A signal—voltage analog of line voltage is app li ed by way of resis-
tors R17 and R2l to comparator 11—12—8 of U3. Resistors Rl9 and R23 set
the bias leve l of this comparator. Positive feedback resistor R15 is used
to eli mina te undesirable osc i l la ti on wh ich would otherwise occur when the
comparator happened to be biased into the linear region of operation . As
w i l l  be discus sed la ter in the sec tion on Rese t System operation , this
comparator operates in conj unc t ion  w i t h  NAND gates 9—10—11—8 and 3—4—5—6 of
U4 , inverters 9—8 and 11—10 of U5 , and the Reset System to maintain logical
ONE enab l ing  si gnals to enable c i r c u i t r y  in the Maintenance Warning Unit
and Crew Readout Unit. Under normal no—fail conditions , the log ical ONE
signals maintain the enabling network s in a conductive state and , thereby ,
maintain powe r to the disp lay and relay circuitry in the Maintenance Warn-
ing Unit and Crew Readout Unit.

Should a loss or in terr up tion of l ine power occur , comparator 11—12—8
provides a logical ZERO to NAND gates 9—10—11—8 and 3—4— 5— 6 of 134 which
change the outputs of inverters 9—8 and 11—10 respectively, f rom a logical
ONE to a logical ZERO . As a result , the enable circuits in the ~1aintenance
Warning Unit and Crew Readout Unit are deactivated , and power to all relay
circuitry is removed.

6. SYSTEM RESET

When power is first app lied to the IFOS , the various flip—flops and
monostables in the system assume unpredictable states. These states are a
func tion of many unknown factors , including manufac turing tolerances. At
th is  time , improper s ignals  are sent  to the Crew Readout  U n i t  and to the
Maintenance  Warning U n i t , which  could cause the l a t c h i n g  re lays  of those
units to latch in improper positions , and thus present a false and mislead-
ing display . Therefore , when power is app lied to the system , the relay—
dr iver powe r supp ly must not be energized until a “reset” s ignal  has been
appl ied to var ious  c i r cu i t s  in the Central Computer Unit to place them in
the ir proper states.

Fur the r , whe n power is removed from the system , improper relay latch-
ing is again possible. As the supp ly vol tages f a l l  toward zero , the van —
ous c i r cu i t s  w i l l  begin to m a l f u n c t i o n , and again improper signals are
sent to the CR13 and the MWU . Hence , the r e l a y — d r i v e r power supply  mus t be
rapid ly  turned o f f  be fore  any of the other circuits begin to malfunction .
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I t  is a l so  necessa ry  to  hav e  a means for manua l resetting of the
various  l a t c h i n g  r e l a y s  of the s y s t e m , a f t e r  mainenance  work has been done ,
for  ex ample.

To summar i ze , the sys tem reset circuitry must perform these functions:

1. Issue a “rese t pu lse ” to all CCU circuits (but not CR13 or MWU
ci rcuits) when powe r has been app lied and when the input .‘clt-
age has risen to a satisfactory level.

2. Turn on the power supply to the CR13 and MWU relay dr ivers after
the reset pulse has been issued.

3. Turn off the power to the relay dr ivers  rap idl y wheneve r the
main input voltage falls to levels too low for satisfactory
operat ion.

4. Reset the latching relays of the CRU and the MWU when the manual
RESET b u t t o n  is p r e s s e d .

The circuitry to accomp lish the above is physically located on the
Rese t printed—circuit board (AS) and on the Voltage Monitor Board (AlO).
Schemat ic diagrams are found in Figure 26. For the convenience of the
reader , part of this circuitry is also shown in Figure 28.

6.1 Descri ption of Operation

F i r s t , c o n s i d e r  the  f i r s t  th ree  f u n c t i o n s  above . When power  is
app lied to the CCU and reaches a voltage of about l4V , the output fror~ the
11—12—8 section of comparator U3 (on AlO) become s a ONE . Thfs is sent to
the Rese t board as the “28V MONITOR ” signal. This comparator is of
straight—forward desi gn , excep t that feedback resistor R15 has been added.
This r e s i s t o r  p reven t s  o s c i l l a t i o n  wh i ch would o the rwi se  occur when the
comparator was biased in the linear region .

On the Rese t bo a rd , the 28 V MONITOR signal releases the two Ui
monostable . ircuits from the direct clear condition , ga tes on the +5 V
power to the rest of the circuitry , and prov ides one inpu t to U3 NAN D
gate . When capac i tor  C 2 charges up to a few vo l t s , the monos tab le  4—5— 6
of Ui is t r iggered  b y the nega t ive—goi ng s ignal  on p in 8 of U3.

The pos i t ive—goi ng signal  on pin 6 of UI in turn t r i g g e r s  monostable
11—12—10 of U i .  Thus , both monos tables are trigge red at abo ut the same
time . M onos tab le  4 — 5 — 6  has a pe riod of about 2 .0  seconds , whi l e  11—12—10
has a pe riod of about 3.2 seconds.

When the monos table 4 —5 —6 t r iggers , a rese t pulse is genera ted and
sent  to the Clock Generator by circuits not shown in Figure 28. Abo ut
2.0 seconds l a t e r , when the 4 — 5—6 monostable returns to its normal state ,
a seco nd reset pulse is generated .

At the end of 3 .2  seconds , the o ther  monostab l e re tu rns  to its
no rmal s t a te .  Pin 10 of UI become s a ZERO which r e su l t s  in a ONE on
boa rd—connector  pin 10 , wh i ch is labeled “Re set Delay , ” and wh ich is
sent to a p r i n t e d — c i r c u i t  board  A l O.
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On AlO , the Reset Delay signal is applied to NAND gates 9—10—1 1 and
3—4—5 of U4. By this time , the +5V power supp ly will be in normal opera—
tion and there will be a ONE on pin 15 of U3. Of course , pins 5 and 10
of U 4 are ONE as these p ins are connected to the 28V MONITOR line . Thus - I

all inputs to both NAND gates are ONE , and the MWU and CRU relay enable
signals become ONE . These enables then cause power to be app lied to the
MW and CRU relay—drivers , and normal system operation begins .

Whe n the input voltage fa i l s  down to a value where the various power
supplies begin to malfunct ion , the 28 V MONITOR signal goes to ZERO which
makes the relay enable signals quick ly go to ZERO and hence quickly re—
move s power from the relay—drivers . Also , the two monostables on A5 are
fo rced to the CLEAR state (if they are not already in that  state) in pre-
paration for a new power—on sequence .

Because of various timing problems , on occasion pulses appear on
the outputs of the U 4 NAND gates of AlO , at inappropriate times. Compon-
en ts C14 , Cl5 , R3l , R32 , R33 and R34 form low—pass fil ters to remove these
unwanted pulses.

The latching re lays of the MWU AND THE CRU can be reset b y pushi ng
the RESET bu t ton on the MWU . Signals from the switch are “debounced” by
two U4 NAND gates on board AS. The output from the debouncing c i r cu i t
t r i ggers the monostabie 11—12— 10 of U2 , which has a period of 1.0 second.
The outp ut from the monostable is inverted and sent to the MW to ac t ivate
the reset relay. This reset action is inhibited during the normal 3 .2
second turn—on delay b y the connection to pin 13 of U2 on board AS.
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V.

CREW READOUT U N I T

I. APPROACH

The Crew Readout  U n i t  con t a in s  a red F I R E  warn i ng lamp , a whi te FIRE
FAIL war ning lamp ,  an amber OVERHEAT warn~ r , l amp , a w h i t e  OVERHEAT FAIL
warn ing  l amp , and an indicator lamp test switch .

The approach which was selected tor handling this display was the
emp loyment of transistor—axn p lifier—dr~ ’~’en relays sens ing logic network
signals from the Computer Control Unit and prov iding contact actuation of
the v i s i b l e  warming  d i sp lays .

2. CREW READOUT POWER

As show n in Figure 29 , the 28 DCV input power first passes through a
transient and reverse voltage protection network and then goes to two 12
DCV power supp lies. One supp ly is for powering the indicator lamp s , while
the other supp lies power to the relay coils and the transistor drivers .
The output from the “Relay Regul ator ” pow er supp ly  is ga ted b y the “Relay—
En able ” network .

2.1 Trans ient  and Reverse Vol tage  Pro tec ti on

As wi th  the Computer Contro l Uni t , r everse voltage protection is
accomp lished by way of a f a s t—recovery  power r e c t i f i e r connected in series
wi th  the 28 DCV input  power line .

DC powe r is app lied by way of the rectifier to the transient suppres-
sion network which consists of an inductor—resistor circuit connected in
ser ies wi th bo th the relay power supp ly and th e lamp power suppl y ,  a clamp-
ing zener diode ne twork and a capacitor. See Figure 30. The capacitor is
necessa ry to prevent the re l ay and l amp power supp lies from develop ing
o s c i l l a t i o n s .

2.2 Relay Power Disable Circuitry (Refer to Figure 30.)

The relay power disable circuit is employed to provide power to the
relay circuits during normal operation conditions. Here , a continuous
logic ONE signal , provided b y the vol tage moni tor and re fe rence  supp ly
circuitry in the Computer Control Unit , is app lied to transistor Q2 , wh ich
maintains series transistor Ql in a conducting state , p rov iding , thereby ,
powe r to relay circuitry . Should a power failure or power interruption
occ ur in the Compu ter Con t rol Un it , this continuous signal is immediatel y
remove d and relay power is d isabled .  By way of the vol tage moni tor ing
circu it ry ,  the reference supp ly, and a sys tem reset circuit (refer to
Figure 28) the continuous logical ONE signal is reapp lied a few seconds
af t er the resumption of Computer Control Unit powe r , enabling power to be
reapp ].ied to the relays . This delay Is used to allow all logic circuitry
in the Computer Control Unit to he stabilized prior  to the reap p l ica t ion
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ot re lay powe r so that random signals in the computer due to power start-
up, are prevented from generating fal se warn ings in the CRU .

2.3 Lamp Voltage Regulator

This regulator , powe red by transient and reverse voltage protect ed
2~ DCV provides 12 DCV to the crew readout lamps. The regulator consists
of an integrated circuit linear regulator , a current—limit—sensing tran-
sistor Q2 , and a series load transistor Qi. (See Figure 31.)

The load voltage of 12 DL~.
’ is established by the junction of refer-

ence resistors Ri and R2 which are connected across reference terminal 9
of integrated circuit regulator Ui and common. The set point voltage is
app l ied to reference sense terminal 8.

outp ut voltage is sensed at terminal 5 of Ui which in turn controls
the conduction of Qi . Resistor R4 provides a voltage analog of load
current which is monitored by transistor Q2. See reference (6) for f~~r-
ther details of operation .

2.5 ~-‘elay Voltage Regulator

This circuitry is shown in Figure 32. It is a standard , well—knowr.
linear regulator circuit , using an NPN series pass—transistor. The inte-
grated circuit Cl pr ovides the voltage reference and the error amp lifier
necessary for operation. Output voltage is determined in part by res istors
R4 and R5 , and R4 can be adjusted to set the output voltage to the exact
value required.

The transistor Q2 , in conjunction with R2 and UI sets a current
l imit of very roughly 1.5 ac~peres . Transistor Qi is the result of an
earlier design and is no longe r used in this circuit.

FurtLer details of operation can be found in reference (6).

3. READOUT LOGIC CIRCUITRY

All visible warning disp lays are actuated by transistor—amp lifier—
driven relay contacts (refer to Figure 33). Here , use is made of latching
and non—latching relays in order to provide proper control of warning
readou t by signals provided by the Computer Control Unit and Maintenance
Warn ing Unit. The use of transistor buffer—type amp lifiers minimizes the
constra ints to be encountered in logic network signal circuit design . In
addition , the attenuating effects that long runs (100 feet between Compu-
ter Control Unit and Crew Readou t Unit) migh t have on directly operated
lamp relays is eliminated.

3.1 Ove rheat and Overheat Fail Logic

A s discussed in the work statement , the overheat signals from thc
Computer Control Unit when properly combined in the Crew Readout Unit will
cause the operation of the OVERHEAT lamp in the Crew Readout Unit. An
add itional overheat warning, initiated by the Crew Readout Unit , is pro-
vided at an electrical connector pin at the Computer Control Unit for
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possible system evaluation monitoring. Once initiated and until cleared ,
the OVERHEAT warn ing will lock out the OVERHEAT FAIL, warning , and the
CABLE FAIL warning of the corresponding cables which are sensing ove rheat.
In addi tion , the Computer Ccc.troi Unit shall give fall signals to the
Crew Readout Unit when cab les and/or t eir associated electronics test
fail. These signals will be combined in the Crew Readout Unit to provide
an OVERHEAT FAIL warning shall remain on until the system is checked and
reset. The OVERHEAT FAIL warn ing shall o :Lrrlde the OVERHEAT warning .

The OVERHEAT and OVERHEAT FAIL f- i:~et ions described above are imp le-
mented by the emp loyment of four latching- relay memory channels and two
output relays . Here , OVERHEAT and OVERHEAT FAIL conditions are initially
diagnosed and memorized on a per—loop basis (four latching relays , two for
OHA and OHFA and two f o r  OHB and OHFB) and then , when appropriate condi-
tions in both loop—channe l sections occir , disp layed as sys tem OVERHEAT
and system OVERHEAT FAIL cc:~d it ien ~ (OH , or OH? , resp ec tively prov ided by
the non—latching re lays).

The f i n a l  log ica l  e q u a t i c - n s  f o r  s .’s tem OVERHEAT and s y s t e m  OVERH EAT
FAIL are as follows:

OH OHA OHFA OHB OHFB

+ OHA ~5~T~X ORB OHFB

+ OHA C-FI FA OHB OHF B

OHF = OHFA OHA OHF H ORB

3 .2  Ove rhea t  and Ov e r h e a t  F a i l  C i r c u i t r y

In Fi gure 33 , it can be seen t h a t  per—channe l s i g n a l s  fo r  OVERHEAT ,
OHA and ORB , derived from the p e r — l o o p  o u t p u t  c i r c u i t s  A and B in the  Com-
puter Control Unit , are app lied to the inputs of transistor Qi and Q3 ,
respect ively, wh ich activate the set coils of latching relays Ki and K3 ,
respective ly. For return to normal conditions per channel , reset signals
from output circuit A and B are app l ied to transistors Q7 and Q8, respec-
tively, which activate the reset—coils of latching relays Ki and K3 , respec-
t ively. Here , warning and reset signals for this operation are so con-
trolled by the Computer Control Unit as to be noncortcurrent in time .

In like fashion , per- channel signals for OVERHEAT FAIL , OHFA and
OHFB , derived from the signal correlator circuit are app lied to the inputs
of transistors Q2 and O~~, respectively, wh ich activate the set coils of
latching relays K2 and 1(4, respec tively. Here , the relay s can be reset
only by pressing the common reset button located in the Maintenance Warn-
ing Unit when OVERHEAT FAIL signals are no longer present.

The occurrence of an overheat condition in channel A results in the
removal of rese t s ignal voltage and the app lication of overheat signal
vol tage to transistor Qi. This causes latching relay 1(1 to be set and
relay contacts 1 (1—2 and 1 (1—7 to be transferred. Here , the transfer of
Kl— 2 locks out both OHFA set transistor 02 and the CFA set transistor
located in the Maintenance Warning Unit. Contacts 1(1—7 provide the OVER-
HEAT channe l A clos ure OHA .
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If an A channe l O.’ERHEAT FAIL (HFA) should have occurred instead ,
however , the fail signal OHFA provided by the signal correlator would
have activated transistor Q2 which , in turn , would have energized the set
co il o f OHFA re lay 1(2 and caused the transfer of relay contact 1 (2—2 and
K2—7. Here , the transfer of 1(2—2 locks out OHA set transistor Qi , and
provides the OVERHEAT FAIL channel A closure OHFA.

The generation of OVERHEAT or OVERHEAT FAIL latchings for channel
B are accomp lished in identical fashion.

cho uld condItions occur in both loop—channel systems A and B as to
generate any of the optional combinations shown in the equation for sys-
tem OVERHEAT (OH) discussed in paragraph 3.1 , output relay 1(7 will be
ac t -~ated. In turn , contact 1(7—2 transfers and provides the 5 DCV signal
for the system evaluation monitoring circuit. Relay contact 1(7—6 also
transrers and provides energ izing voltage to the OVERHEAT lamp , causing
a visible OH display . Termination of the OVERHEAT condition in either
loop—channe l A or B will cause the OVERHEAT lamp to turn off.

.-‘he n OVERHEAT FAIL conditions occur in both loop—channe l systems A
and B so as to generate the terms in the equation for system OVERHEAT FAIL
(OU) as discussed in paragrap h 3.1, ou tput relay 1(8 will be actuated.
Here , co ntact 1(8—6 transfers and pr ovides voltage to the OVERHEAT FAIL
lamp , causing a visible disp lay of a system OVERHEAT FAIL condition.

As with OVERHEAT , a ret urn to normal in either channel loop system
will eventually allow the OVERHEAT FAIL light to go off  when the rese t
button in the MWU is depressed.

3.3 FIRE and FIRE FAIL Output Logic

As discussed prev ious ~v , the FIRE and FIRE FAIL signals produced by
the Computer Control Unit operate red and white warning lights , respec-
t ively. Once activated , the FIRE FAIL warning remains on until the system
is checked and reset. The FIRE FAIL warning shall override the FIRE warn-
ing. These functions are imp lemented in the Crew Readout Unit by the
emp loyment of a non—latching relay for FIRE and a latching relay f or FIRE
FAIL. The si2nal for a system FIRE condition , FW , is obtained from the
FIRE FAIL and U/V computer diagnostic circuitry (refer to Figure 13 and
Sect ion 1.4 of Chapter IV). The FIRE FAIL warning signal is obtained from
the si gnal correlator circuit (refer to Figure 18 and Section 2.4 of
Chapter IV).

3. ’~ FIRE and FIRE FAIL Circuitry

The FIRE s ignal  genera ted in the computer diagnostic circuitry is
app lied to th~ input circuit of buffer—transistor Q5 which , in turn ,
actuates non—latching relay KS. Here , the contacts on 1(5 now transfer
and energize the FIRE WARNING ligh t and also p rovide the 5 DCV signal for
t :~e system evaluation monitoring circuit.

Should , on the othe r hand , a FIRE FAIL cond ition occur , the Com-
puter Contro l Unit app lies FIRE FAIL warning signal FFW to the input
cir cuitry of buffer transistor Q6 , which , in turn , actuates the set coil
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of latching re lay 1(6. As a result , contact 1(6—2 transfers and cuts out
power access to the FIRE light and energizes the FIRE FAIL light. Also ,
cont act 1 (6—7 transfers and removes 5 DCV from the system evaluation
mon itoring circuit. A return to normal (no faults) condition will cause
the removal of the FIRE FAIL warning signal and permits turn—off of the
FIRE FAIL light when the reset button in the Maintenance Warning Unit is
pressed. Here , the pressing of the reset button results in a momentary
clos ure of the circuit which energ izes rese t coil of latching relay 1(6.

3.5 CCU Power Fail Indication

In order to provide a positive indication of failure of power to
the CCU , a relay 1(9 was add ed to the CRU logic circuitry . During normal
standb y operation , 1(9 is energ ized by the 12 DCV relay power , and there
is no elec trical path between contacts 2 and 4. If CCU power should
tail , the Relay Enab le signal will become ZERO , and the circuitry dis-
cussed in Section 2.2 will remove the 12 DCV relay power. Relay 1(9 will
then no longe r be energ ized , contacts 2 and 4 will be connected , and the
FIRE FAIL and OVERHEAT FAIL lamps will be energized through diodes C~’21
and CR24. Re lay 1(9 is not a latching relay , and so when powe r re turns to
the CCU , the FIRE FAIL and OVERHEAT FAIL lamps will go off automatically.

3.6 Lamp Test

Isolat ion diodes CR20 , CR22 , CR23 and CR25 are emp loyed to allow
testing of crew readout lamps. Here , in the forward direc tion , the diodes
prov ide a path for lamp current flow to the common test switch which by-
pass es the associated relay contacts. The reverse blocking character of
the diodes , however , prevents the inadvertent turn—on of all lights when
any s ing le relay is activated.
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VI.

M A I N I E N A N L E  VA R N I N C L N I T

1. APPROACH

It is the purpose of the ~-l’~U to provide a pos itive indication of
defective sensors or electronic components. To this end , the front panel
has fifteLn iliumtna ~ cd indicators. A lamp test swftch and a lamp dimme r
control are also providea , as is a system reset swItch .

All indications are of the “latchir,~
’ ty pe-—once they appear , they

will remain until intentionall y removed. In this way , interm ittent de-
f e c ts can be re ad i ly signaled.

The f ifteen i-~dicators are :

a. LTV11, UVI2 . . . UV62. These indicate a defective U/V sensor
tube , tne first number indicating the head , tne second number
indicating which tui e wi t~~in the nead.

b. CC U—— ’ihis indicates a failure in the electronic circuitry of the
CCTJ.

c. Cable A , Cable B——These indIcate either an open circuit or a
shor t circuit in the corresponding thermistor overheat cable .

2. MWU POWER 5U ’PLIES

As shown in Figure 34, 28 DCV input power first passes through a
transient and reverse—voltage protection network and then goes to two 12
DCV power supplies. One supp ly is for powering the i~-.d i c a t c - r lamps , wh i le
the other supplies power to the relay coils and the transistor drivers .
The outpu t from the ‘ Relay Regulatcr ” power supply is gared b y the “Relay
Enable ’ network .

The transient and reverse—voltage protection circuitry , the re l a y
enable circuitry , and the relay pover supp ly of the M~U are all identical
to those of the CRU . Schematic diagrams are found in Figures 30 and 32.
Descrip tions of operation are found in Section V .

A schema tic diagram of the MWU l amp power supp ly is found in Figure
35. This unit is very similar to the CRU lamp power supp ly whose opera-
t ion is described in 2.3 of V . In th e CWU supp ly, two transistors are
used in parallel for the pass transistor , and one c’f the voltage—setting
resistors is made variable to serve as a lamp dimmer.

3. UV AND CCU INDICATORS

Circuitry for these indicators is shown in Figure 36. This circuitry
cons ists of thirteen Identical channels . In each channel , a ONE signal
from the CCU turns on a 2N1 711 transistor. Current through thi s transis tor
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act ivates  the set coil of a la tching relay . The contacts of the relay
supp ly powe r to the corresponding indicator  lamp . The relay can be reset
only by pressing the reset button , b y action described below .

4. CABLE ?AIL INDICATOR S

The circui try for the cable f a i l  indicators is shown in Figure 36.
These two channels are very s imi lar  to the thirteen channels descr ibed
above , excep t that the transistor emitters are returned to common
(“ground ”) throug h relay con tacts in the CRU . Thus, if an overheat con-
di tion is present on channe l A , cable fail A indicator canno t be turned
on. Similar ly , an overheat condition on channel B inhibits the cable
fa i l  B ind ica to r .

5. MANUAL RESET

When the reset  but ton is pressed , a ONE is sent back to the CC C.
Af t e r  debouncing and othe r p rocess ing ,  a ONE signal is sent back to the
MWU . This is app lied to E20 in Figure 36. This signal is amplified by
transistors Q8 and Q9, and then activates a non—latching relay , 1(8.
Contact I of 1(8 energizes all reset coils of the latching relays of the
MWU and the CRU . Contact 8 of 1(8 shorts all transistor inputs (of both
MWU and CRU) to common to present the set coils from being energized
at the same time the reset coils are .
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V I I .

EXAMINATION OF PERFORMANCE

1. TESTS PERFORMED

In accordance with contract requirements , the first IFOS constructed
was tested extensive ly. The comp lete test procedure is given in Appendix
V.

2. TEST RESULTS

The tes t report of the McGraw—Edison ~uality Control eng ineer , to-
gether w ith test data sheets , is given in Appendix VI .

Generally speak ing, all of the test~ we re passed b y the IFOS , excep t-
ing vib rational and EMI tests.

Mechanical failures under vibration necessitated the use of external
shock absorbers in order to continue the tests. This was not a very satis-
factory solution as it makes front—panel mounting impossible. According
to a McGraw—Edison mechanical engineer who examined the test results , the
vibrational failure problems could easil y be overcome in the design of a
prod uc ti on model , without the use of external shock absorbers .

During EM I testing , no conducted or radiated susceptibilit y p roblems
were encoun tered , but excessive conducted and radiated emission was
observed.

This undesired interference appears to ori ginate in these p laces:
the “lamp reg u la tors ” of the M~U and CRC , and the switching regulators and
power inverter circuit of the CCU .

The lamp regulators cause interference because they oscillate . These
regulators are of the negative—feedback linear type , and oscillations are
readily eliminated by minor circuit changes. (Possible changes include
different component values , different component lay—out , and add iti onal
capac itors.) All remaining problems would then originate in the CCU .

Now oscillations Cannot be eliminated in switching regulators or in
inverters , since these circuits work oniy because they do osc illate. How-
eve r , by be tter filtering of the power leads to the CCU , the a.c. ene rgy
caus ing interference could be prevented from leaving the metal box by con-
duction . (The present filters are of the ‘L ’ type , or ien ted to preven t
energy from enter ing the box. Further , the power “re turn ” lead is un-
fil tered. Large filters of the “

~~ type on a l l  power leads would prevent
energy from being conducted out of the metal box as well as from entering
it.)

Suppressing the energy leaving the box by conduction , toge ther with
an imp roved ground ing sys tem , wou ld probab l y al so el im ina te in te r f e r e n ce

117

- -5-- - - -— - 5--- ----- ---------—-- --5- — — - - -5-—- --- -5-- - — 



5- — - 5 - - -— — --  - ---5-- -- -5--  ~~~~~--- .— — --5--5— 5- -—-~ w~~~~~~

leaving the system by radiation , al th -u~ h one cannot be certain of this
without actual trij1~- .

3. RELIABILITY ANALYSIS

A theoret ical study of IF~ S reliability is given in Appendix VII.
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V I I I .

CONCLUSIONS AND RECO~~ END AT I ON S

The Statement of Work , which is a part of the contract for the IFOS
project , ind icates that:

The objective of this program is to develop a flig ht
qualifiable Integrated System with a potential app li ca—
t ion for the eng ine compartments of an advanced multi—
engine bomber/transport aircraft. This system will
dist inguish between a fire and an overheat condition
and provide hi ghly rel iable hazard detection capability .

This ob jective was net by the three systems delivered to the Air Force in
J une , 1976 . These systems demonstrate that high reliability , automatic
fire and overheat detection systems are definitely f e a s ible .

It is evident from the test results given in Chapter VII that a
number of defects are present in the mechanical design. These defects
necess itated the use of external shock absorbers , which in turn , made
front—pane l mounting of the MWU and the CRC impossible. These defects ,
however , could easily be overcome in the design of a production model.

In the course of carry ing out the IFOS project , several  o ther areas
of possible improvement becam e apparent . The remainder of this chapter
lists and details such possibilities.

I.  IMPORTAN T SYSTEM CHARACTERISTICS

Important characteristics for a system for fire and overheat warning
incl ude:

A . Size
B. Weight
C. Rel iability
D. Power consumption
E. Cos t
F. Ph ys ical ruggedn ess
G. Response speed
H. Sensitivity (to flame)
I. Stability of parame ters (alarm temperature for overheat)
J. Ease , speed and cost of maintenance

Various degrees of improvement seem readily possible for the first
five characteristics and for the last one listed. More specific sugges—
tions are given below .

It is assumed that the complete system will consist of a Computer
Con tro l Unit (CCC), a Crew Readou t Un it (CR C) , a Ma intenance Warning Unit
( M W U ) ,  Detector Heads , Ove rheat Cables and connecting cables.
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The contract goals referred to in the discussion are “S ys tem Weigh t
and Volume Goals ” u~ Contract F33615—72—C—l053.

2 . SIZE , WEIGHT & POWER CONSUMPTION

2.1 Computer Control Unit

Most ot the volume and weight of the present CCU stems from the log ic
cards , their sockets , housing and associated wiring, and f r om the various
circuits used to supp ly power to the logic circuits and the detector heads .

The s i z e  and wei g h t  of t he  log ic  c i r c u i t r y  could  be reduced by a
f a -tc r of at l eas t  two or t h re e  by the use of a different logic design or
b y the use of a microprocessor. With the aid of a custom—made LSI chip, —

a l l  of the  l o g i c  could be p laced on a s ing le 4” x 5” p r i n t e d — c i r c u i t  card ,
b u t  such  a chip would  be ve ry expensive to desi gn and prod uce .

Power c o n s u m p t i o n  of the  log ic ci rcu it ry could b e reduced b y the
same measures th at reduce size and weight and also by the use of CMOS logic
elements to rep lace the present TTL elements.

A t least half of the input power to the present system goes into the
operation of the sensor tubes in the detector heads. By p lacing small
transformers in the detector heads , it should  b e poss ib le  to make the
stand—b y power consumption smaller. With a current—limiting circuit , the
power consumption could be kept low even under intense fire conditions .
Reduced power consumption would lead to smaller and lighter power supp lies
with reduced heat dissipation.

Wi th the changes suggested above , the overall dimensions of the CCU
might be reduced  f r o m  the p r e s e n t  7 — 1/ 2 ”  x 12” x 19” to about 5” x 6” x 12” .
S t a n d — b y powe r c o n s u m p t i o n  mig h t  be reduced to 5 or 10 watts from the pres-
ent  28 w a t t s .  I t  i s  d i f f i c u l t  to see how the c o n t r a c t  goal of 24 cubic
inches could be met.

It is anticipated that the weight reduction would be in the range of
50 to 75% of the present CCU w lght of 3O1~’, 13 oz. and a follow—on program
CCL’ w e i g ht design objective of 8I’~ could be established.

2.2 C rc- -; Readout Unit

Presentl y, th e CRC is about 5—1/2” x 5—1/2 ” x 8” in size and weighs
about ~-l/~i pounds. There are four internal circuit boards. By the use
of 24V re lays , the “Relay Regulator ” board could be eliminated. An im-
p rov ed “Lamp Regulat or ’ would be somewhat smaller and would eliminate the
need for the “Trans ient Suppressor ” board. The circuitry of the “Logic ”
board could be simplified somewhat and could be p laced among the four
indicators , ~ust behind the front panel. The resulting unit would be
about ~Y’ x -~ x 4” and would weig ht l ess than 2 pounds .

Because of the current and voltage requirements of the presently—
used indicator lamps , it would not be possible to eliminate the “lamp
regulator ” bo ard . The contract goal of 12 cubic inches would seem to
requ ire a different type of indi cat o r.
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2.3 Ma intenance Warning Unit

The presen t MWU is about 6” x 6—1/4” x 9— 1/ 2 ”  in s i ze , and we ig hs —

a p p r c x i m a t e l y  6— 3 / 4  pounds .  If  a different type of indicator were used ,
a dr amatic reduction in size and weight would be possible. By the use of
latching flag—type indicators , it should be possible to easily meet the —

contract goals of 12 cubic inches and .8 lb.

2 . . ..)etector Heads

Present  f lame de tec to r  heads measure  ab out 4” x 3” x 3” and we ig h
about  2 pounds each .  By the use of m i n i a t u r e  sensor tubes (now under
development at McGraw—Edison ) and a few minor  design changes , it would
be possible to reduce the size of the head somewhat. Of course , if a
transforme r were included in the head , as discussed in 2.1 , above , th is
saving would be used up. Inclusion of a hi gh—vol tage transformer for the
U/V sensor and a lower—voltage pulse transformer for the U/V source would
all ow the use of MIL—Spec qualified electrical connectors since the input
volta ge to the detector head could be reduced to approximately 50V.

~-1jniaturjzation of the detector head components volume and weig ht
red uctions would be offset by the inclusion of the connector and trans-
formers. However , the combined cable and detector head weight of 10 ibs ,
7 oz. would be reduced by the use of low voltage cable. It is antici—
pated th at this weig ht reduction would be in the o rder  of 50% w i t h  a
design objective of 5 lbs .

2 .5 Overh eat Cables

There is no apparen t way to red uce the s i ze  and we ight of the c’.er—
heat cables. They weigh a total of 1—1/2 p ounds , compared to the contract
goal of 1/2 pound.

2.6 Conne cting Cables

By use of a transformer in the detector heads , the thick , he avy
expens ive hig h—vol tage cable used at present could be rep laced with much
s m a l l e r , less expens ive wire . Low voltage fire zone wire would result in
a w e i g h t  r educ t ion  of 67% r e s u l t i n g  in a 40 foo t  cable l eng th  weig h t  of
3 pounds .

3. RELIABILITY CONSIDERATIONS

In the present system , there are many individual components whose
fa ilure would lead to failure of the entire system. By the use of
grea te r red undancy and a revised logic des ign , it appears to be possible
to b u i l d  a sy st em which would work normall y in spite of the failure of
any one single componen t. Even indicators can be made with this feature
——b y having two lamps illuminating the same jewel and energized from
sep arate circuits , a burned—ou t bulb will not prevent an alarm from be-
ing g iven. With the a d d i t i o n  of m o n i t o r i n g  p h o t o c e ll s  and SCR “crow-
b ars ,” a defec tive lamp-driver circuit can be prevented trom giving a
f a l s e  alar m.
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2.3 .l. ot Section lV) could r e a d i l y be overcome with a dif ferent l j g i c
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Reliabi lity can further be improved b y the u~ e of more reliable corn—
p o n e n t ~ and f e w e r  i n t e r c o n n e c t i o n s .  Ihus , the use of a microprocessor to
r e c i a c e  the can ’- - s e p a r a t e  i n t e g r a t e d  c i r c u i t s  of th~ preseot IFOS should
l O r  t h e  f a i l u r e  r a t e  c o n s i d e r o c l y .

I a  o b t a in t h e ~u 1l r e l i a b i l i t y  p e r m i t t e d  b y a g i v ~ r~ de—igr. would
r e q u i r e  a cu r et u ll~ des ign ed and imrJer ~~ot ed  r e l i a b i l i t y  prcerarn , w ith
a t t e n t i o n  to t h e  care t aken  in  p r o d u c  t i n  and qua ’i i t y  c -~otr o l , the  c o n d i —
t L o n s  and t ime of storage , s h i ’m e n t  cond itions , care taker ; in i n s t a l l a t io n
~n d human f~ ctor s of u s er s  and rn a 1nt~~n a.’~c~ c e r s o n n e i .

C a r e f u l  e x a m i n a t i o n  of t ’-~~ m e a n i n g  of r e l i a b i l i t - -- r evea l s  t h a t  there
a r ~ s eve r a l  p o s s i b l e  d e f i n i t i c n ~~, not equ iva l en t  to each other. To pro-
ce ed wit ~ -~ d e t a i l e d  d e s i g n  of an impr oved  IFOS , i t  r.’~ u d  be n e c e s sar y  tc-
de: ir e t~ r e l i a b i l i t y  goals  e>~act1 y.

- - ~~ 1NiENA ~oE o u N S I D E R A T i ~~N S

S- -::.e improvemen t  in trw speed and ease of r e p a i r  c o u i d  p r o b a b l y  be

~~~~ b y providing ror additional fauit diagnosis on the MWU , and by pro—
‘:idi :- ~ ..orivenierr test points fr the CCC , MWU and CRU .

5.  COST L c C SI U E R A T I ON S

At toe pr e sent stage , i t  is imp o s s i b l e  to e s t ! r t a te  the cost of an
htproved IFOS. The use of a m i c r o p r o c e s s o r  to rep lace man’.- dig i t a l  i n t e —
~ratcd circuits would hopefull y reduce both labor and material costs.

1 2 2  
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APPENDIX I

CALCULATION OF PROBABILITY OF RESPONSE

The probab ility of obtaining N counts in a time interval where the
expec ted number of counts is A , is given by th i s  P o i s sj n  f o r m u l a :

P (N ,A) 
AN e A 

(1)

t f o l l o w s tha t  the probability of obtaining N or more counts in t h i s  time
is:

X ..~~
A
X
e

A (2)
_____ 

X !
X = N

For later use it is convenient to prepare a table of the values of
(2) for various values time intervals. In this table , we assume a tube
sens itivity of 15 counts in .480 seconds . (A time interval of .480
seconds was chosen rather than .500 seconds to simplif y the calculations
and to allow .02 seconds for the fire warning relay to close and the in-
dicator to respond.) See Table II.

From th is table , an app roximate answer to the response time calcula-
tion can be immediately determined. It is seen that eigh t or more coun ts ,
and hence a f ire warn ing ,  will be obtained 98.2% of the time within .480
seconds . Since this does not take into account the effects of the “rese t”
si gnals and the test periods , a more accura te answer req uires a more
comp lex calculat ion .

125

— 5-



__________ - - - - ~~- - ---~~-- - -- -
~~~~~~~~~~~~~~~~

— --,-- -~~~~~~~~~~~~~ - -

TABLE I I

PROBABILITY OF EIGHT OR MORE COU~ TS

T I M E
(T) EXP- hib D

SECOND S COW - PR C bA~ T T I T ?

.O~~2 1 .0 0 0

.064 2 .0011

.072 2 . 2 5  . 0022

.39b 3 .0119

.104 3.2

.120 3.75 • 3 7 7

.128 4 .0511

. l 4 .~. 4.50 .0865

.160 5 .1334

.168 5 . 2 5  . 1507

.192 6 .2560

.200 6.25 .28 62

.208 6.50 .3272

.224 7 .~~0l3

.240 7.5 .4753

.256 8 . 5~ 7O

. 264 8.25 .5880

.288 9 .57 6 1

.296 9.25 7 D~ °

. 320 10 . 7798

.352 Il Ji568

.360 11.25 .t~7 7 O

.384 12 .9105

.416 13 .~~~6O

.448 14 .96~~+

.480 15 .9820

.512 16 .9900

.544 17 .9946

.576 18 .9971

.600 18.75 .9980
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The calc ilation of the average alarm probabilities was done by
div iding ti~ - counting window into twenty intervals and ind iv i duall cal-
culating the alarm prob ability tar a fire star’ing at each interval. A
sample calculation to obtain the probability of a specific response ti r e
is given below :

Conditions:

S — 15 counts in .480 seconds
N = 8 counts for alarm
M 1.92 seconds (minimum counting window)

Calculation of the probability of alarm icr a .480 second response time
assuming  t h a t  the f i r e  s t a r ts  .192 seconds b e f o r e  the end of the  r e se t
time cycle  is as fo l lows . At 0 .192 seconds before the end of the cyc le ,
the expected count  from Table II  is 6 , wh ich  co r r e sponds  to a 0. 2560 pro-
b a b i l i t y  of a l a r m  at N 8 coun t s .  As the probability is b e i n g  d e t e r —
mined for a total 0.480 second response t ime , during the next reset c:,cle
there remains 0.480 — .192 or 0.288 seconds during which there is an
add itional probab ility of alarm. Therefore , the total probability is
0.256 + (1—0.2560) x 0.6761 = 0.7620.

S i m i l a r  c a l c u l a t i o n s  were  made for twenty equal time intervals
within the 1.92 second coun t i ng  window , and ave raged  to get the probabil -
ity for a 0.4MG second response time . Table III shows a summary of
probabilit y calculation for various response time s , including probability
calcu lati os with a 0.120 second test time . All time intervals are equal
except the second which was made .060 seconds or half the test time .
This g ive s a better ave r~~ e for the start of fire during the test time
interval than would be obt ajoed with the 0.096 second interval. Although
the test time adds to the insensitive time , and decreases the probability
of alarm , its e ft-c ct is only slight (1% or less) in view of the fact that
it occurs only once in six reset cycles.

Finally, it is seen that a fire warning will be given within .5
second 94.34°~ of the time .
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APPENDIX II

CALCULATION OF FALSE ALARM PROBABILITY

Here it is desired to evaluate this expression :

X .~~-
~~ 

X -AA e , where
2 X!
X =  8

A ( 5 C / )  (2.88 sec) — 1.44
3 — 2.718

Using published tab les (4) wi th interpolation , leads to a probability of
.000132. This is the prob ability of a false alarm per 2.88 second period.
The probability per second is then .0000458 , and the “mean time between
failures ” is 1/.0000458 or 21,800 seconds or 6.04 hours.

With two sensor tubes required to generate a fire alarm , the prob-
ability of a false alarm per 2.88 second period is (.000132)2 , or
1.74 x 1O~~. This leads to a probability per second of .605 x 1O_ 8, and
a “mean time between failures ” of 1.655 x 108 seconds , or 46 ,000 hours
or 960 days.

129



- -~~~~~~~~~~~ ~~~- - - --5--- -- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—~~~~~~~~~
__

~~—-_--- .5--

APPENDIX III

CALCULATION OF FAILURE-TO-TEST PROBABILITY

Here it is desired to evaluate this expression :

X~~~ 7
N X -AA e , where
// _J
x = O

e = 2.718...

Forty - cur .t-- , rather than fifty, Is taken as the expected number to allow
for the fact that component variations could make the clock run 20% fast.

L sing published tables (4) leads to a probability of less than
.000001 . Since the test period could occur as often as once every 11.52
seconds , the probab ility of failure per second is less than .0000000867.
This is equivalent to a “mean time between failures ” of greater than
11 ,520 ,000 seconds or greater than 3200 hours or greater than 133 days.
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M: C;~~ AW-EDISDN COMP—i~H’~’
E-i~ son ElectronIcs DIvISIOn

c-c - . 5 .  ~~~~~~~ • .5- - - :~ C” :~~~E’c- N 4 ’  O_ •

TO Mat Reiser DATE 11 JUflO 1976

FROM Dick Jurentkuff cc: M. Bober

Subject: CORP’~~ IOI - i OF SHIELDING BOX ON
THE COMPUTER CONTROL ~ NIT (I. F. 0. S.)

As you know , the shielding box (DNg. No. B — 6 1 7 2 5 )  when mounted
in the CCU showed signs of severe corrosion af t e r  the CCTJ went  thru the
h u m i d i t y  tes t .

The print called for the fin ish to Es - cadmium plate ye ll s .~. chroma te
per QQ-P—416, Type II , Class 3.

After rea~~ing the spec thru , 1 found that cadmium plate is not recoin—

mended for usage as we did for the shielding box. For instance : Codmium

plated part s should not be used in a nonven t i l at ed  container  wi th/o r  in
contact wi th  electrica l e q u ip me n t .  C a d mi u m  p l a t e d  part s should  not be in
an area where  there is the presence  of organic  el °i ica l i n s u l a t i o n , ph eno l i c
r es inous  substances  and C I I ~~ cr 5 c-c n~ ~j f l j f l j  u n s c t u n t e d  carbon to carbon
linkages such as oil paints , potting compound s , RTV , etc.

Just to v r ify these f~o-ts , I sent  a sh ield inc )  box to Pl~snt ~2 to check
i f indee-J it wos  cadrr .iurn plated. Results were that it was ccdmium ~ l a t e d
but wasn ’t able  to verify thickness of p - l a t i n - -i . I t hen  too~i t h e  sa me  box ,
submit ted  it for  48 hours of salt  s pray which showed no signs of corrosion.

Summary : Ca d m i u m  p la te  is not a s u i t a b l e  p l a t i n g  to be US CJ in applica-
tions such as Edison  Electronics  is doing now . It would  be my opinion not
to use C a d m i u m  p l a t i n g  on any  e lectronic  e q u i p m e n t .  I would a l so  suggest
tha t  t h i s  port 5 . P U U I J  have a f i n i s h  of t in  pi t i n y  per M I L — T — 1 0 7 2 7 , Typ e  II.
Type Il ls hot d i p p o - ~.

- -- .J~’ -
; /~/

___S._____ _
~ 

~~~~~~~~~~~~~~

R. jurentkuff /
RJ/meq
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1. (
~) SCUPE

this , ;eciti. it icn -it-fir es the p~- r t I  L I--an - c tests vHi ch w il l ne run
(il iCe Inte -rated Fire and -v~~rl.eat D I - t . - . t i c - n  S--stem for air . ra~ t t

t ill the r o q J r e : e n t s  ot  -~~t r a ~ t F s3615— 7~ — C--1O5 3 , A l t 4  h-rent 1 , parag raph
I V  B .

2.0 TESI StS [[

The t e st  system ~- ill  ccns~~st ef  t~~ s r t c l 1 o ~ in- ~ pa rts with the asso—
ciat~~i inre r -~r ectin ~ cable as s-::h11 es except -~s r.~ ted In s e c t I o n  4 . 3  and

1 :o~~ -~t~~r C4-rLH 1 L~~it (-CU)
I Slatntenancc - arr4ir ~ Uni t (-C1[)
1 Cress Readout Uni (CRU)
6 UltravIo let Dete5 t -- r li~-~ ds
1 D u a l  )vt- rCe t Cal-l e Loop

3.U tF:~~l -~~;D I 1

Unless ot:s et~~ise specifi ed , all tests will be i-erform ed at nominal
input volt .~e and at r —- t -  terrn er itur e , ~v~H d~~t - and baH-rret ric pressure .
A l so , unless ot :c- r--j se specif i ed , the t est systeC shall not be operated

ir.g the env ironnt —nt ~~1 t e st S  ci 3 .3 and 4.3 Also , the t e s t s  of para —
~r sn: . -~.2 shall be p er r -n-~ed nit h  cables one hundred feet in length between
i :~ • I rp u te r Cor .trol Un it and tfie icadou t unit s; - All other tests will
e l t I C I  h e  2 5  or 100 feet. ; a;;le len~siC , beivees Computer Control Unit and -:
U~~tec t - .r tie 1ds shall be ~0 feet. Para~ rap h 4 .2.2 th ru 4.2.9 will be accom—
p 1~~~~.-ci ;tIocr: on i d i s on  g r n U n d S .  A l l  - ther test .s ~ i1l take p lace under
st ~~i -~a . r i  I a l - o r a t o r - -  c n i l  t i o n s .

4 ~0 t E S T  P R O C E D U R E

1 n i t  i a l  Svstet ; T e st

li - c s - s t e r c  - s h a ll be ener sized and ni sc- r-~-eci fo r props: r operation. All
l i g h t s  -n t h e  SC n t e n o n c e  t - i i r r . i n s  U n i t  ar i d I r . - ;~ R e a d o u t  U r s i t  s h a l l  be o u t .
: i e -  lac~- sw i t o~ i on each t~~ a O ~ u 1  -n t-s i t  ~ a l l  he pu hed o- ~- e r i f y t h a t  al l
l amps ar e  - : ‘pe r .ticr :a l.

h - to. U1i ~- 4 - -l et D e t . - ._ y r Ue - J - a i l l , e e; pes’-d to a s a t u r —
at  i - i i  .~~- l e et  i S  I I — a - -•  1 I I 11 t_ cf t : i e  Crew
NtO d - SSS t V r 1 t  I i  - ‘ a t -  t o  C-s r -

~n~- - : - ~ 
- ii at  I 1 t 1 . 5  - ini r i g

ar ch ar 
~~~~

- 1 - I S e  ii - sL si I II;. -. 1- e rc - -- I I f . -~~rn -: ~ 1 1 go
(Sat. I n c  Sec . -- in H e D -t L - r - i u l  h al si4i1 . i t  i C l i - is  th4
c - , i L u r a t i r . s ~ s -  -~ t a d  also I r a n  t i s -  t e s t  sans - -u 1~ t:e r s nsar sh a l l
bc exp s ss- d I .  HI. ~~I t ; r a t i r 0 , ~ O l e .  The F I5 - e- -n - ~

- s .: a n d  t I - a  ap p r o —
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shield shall be removed from the first sensor , p laced over the second and
the RESET switch on the Maintenance Warning Unit shall be pushed. The
FIRE warning li ght shall a g a i C -s be on , the first sen-cot light on the ‘-‘a m —
tenance Warning Unit shall be out , and the seccri d sensor ligi t on the
Maintenance Warning Unit shall come on. This te st snail be repeated for
each Det ector Head.

4.1.3

The test source in each Detector Head shall be , in turn , sh ie lded
from the sensors . The Maintenance Warning U n i t  lights for the two sensors
in that Detector Head shall come on. WIth the source still shielded , the
two sensors in the Detector Head shall be exposed to a saturating source
of ul traviolet radiation . The FIRE warning light on the Crew Readout
shall not come on u n t i l  the next  time the (shielded) test source is acti-
vated. An adjacent Detector Head shall be exposed to the saturating
source and the FIRE warning light shall c o-ne on. The test source shield
and the saturating source shall then be removed and the ?.ESET switch de-
pressed . The associated li ghts on the Maintenance Uirning Ura t and the
Crew Reado ut Unit shall go out. This test shall be repeated for each
Detector Head.

4.1.4

The test scu~ ces to. two cdjace st Det-car or Heads shall be shielded.
The lights on the Maintenance I-lam ing Unit for the sensors in these
Detector Heads , sh all come ott . The FIRE FAIl, l ig ht shall also come on.
The sh ie lds  sha l l  then be r emc - -€ d from the tv-n sources and no change in
the condition of the lights sha ll occur. The remaining four  De tec tor
Heads shall then be exposed to a saturating source of ultraviolet radia-
tion . The FIRE warning li ght shall not come on. This test shall be
repeated for all adjacent Detector Heads .

4.1.5

Both dual Overheat Cables shall be heated with a localized heating
or in an oven. The OVERHEAT light on the Crew Readout Unit shall come on
during the exposure with all other lights remaining unchanged. The heat
source shall then be removed and the OVERHEAT light shall go out. One
cable shall then be disconnected at one end from the circuit. The heat
s h a l l  then be app lied to both cables and the appropriate cable lig h t on
the M ain tenance Warn ing  Un it and the OVERHEAT light shall come on. The
heat shall be remove d and the overheat light shall go out. The first
cable shall be reconnected to the circuit , the second cable disconnected
and the reset button pushed. The appropriate change shall occur on the
Maintenance Warning Lights. Heat shall then be app lied to both cables and
the OVERHEAT li ght shall come on. The he at shall be removed and the
OVERHEAT l ig ht shall go out . The second cable shall be reconnected and
the Reset button pushed. The appropriate change shall occur on the Main-
tenan ce Warning Li ghts. Heat shall then be app li ed to both cables and the
OVERHEAT lig ht shall come on. The heat shall be removed and the OVERHEAT
ligh t shall go out.

4. 1.6
The “ l ower ” ends of both cables shall be disconnected from the cir-

cui t. The appropriate cable lights on the Maintenance Warning Unit and
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the OVERiI E:\l FAIL ligh t on iC e Cr-sc Readout Unit shall come on. The cables
shall then be heated with localized heating or in an oven. The OVERHEAT
l i -gist shall a t  come ott . Heat shall be removed and the cables shall then
ne reconnect~~h ar-i t i e  Re~-e t h-utt ~~n pushed. The cable lights on the Main—
t e tS - a s s e ~‘srnir.g Unit and He  OVERHEAT FAIL li ght shall go out.

One 01 the dua l )verheat Cables shall be disconnected at the “lower”
end ft-nra the Unnio uter Control Unit and shorted from center wire to sheath .
The appropriate li g:-s t on the MaIntenance Warning Unit shall come on. The
se-nos-d s - ab l e  shall s i m i l a r l y be d i s c o n n e c t e d  and shorted. The OVERHEAT
FAI L l ight sh all come on in addition to the appropriate Maintenance Warn-
ing h ri m light. Both cables shall be reconnected to the Computer Control
U n i t  with the shorts removed and tre Reset button pushed. The Ma in tenance
U a r n i n g  U n i t  l i g h t s  and OVERHEAT FAIL light shall go out .

8

T15e powe r input  to the Uc-trs put er Control Unit shall be interrupted.
Both the FI rE FAIL an the OVERHEAT FAIL lights on the Crew Readout Unit
sha l l  come on.

4. 1.9

One ultraviolet Detector Head and one Overheat Cable shall be dis—
connected from the Computer Control Unit. The appropriate lights on the
Mai n tenan ce Warn ing Unit shall come on. Power to the system shall be
removed f o r  a per iod of three hours and then reapp lied. When power is
reapplied , ‘-he Maintenance Warning Unit ligh ts sha l l  re turn to their  status
before power was removed.

4 .2 P e r f o r m a n c e  Test

4.2.1 Overheat Cable Calibration Test

The overheat cables shall be placed in a calibrated oven or bath
with the balance of the system at room ambient conditions . The oven or
bath temperature shall be raised to within 100°F of the cable alarm
temperature and then increased at a rate not exceeding 4°F per minu te
until the OVERHEAT light comes ‘-~n. The control shall alarm within ±5%
of its normal alarm temperature .

~..2.2 Detector Head Calibration Test

Each Detector Head shall in turn be exposed to the fire of paragraph
4.5 of MIL—D—27729A. The FIRE light shall come on within 500 milliseconds ,
at leas t 90% of the time , when the De tec to r  Head is 4 feet away from the
flame along its center line . Following alarm , approximately one—half
(design goal 1/2) , the flame front of the test fire shall be phys ical ly
bl ocked from the Detector Head view and the alarm indication shall con-
tinue to hold. Following this , the flame shall be comp le te ly  blocked from
the Detector Head view and the FIRE ligh t shall go out within 0.2 to 1.5
seconds . These tes ts shall be performed under various steady state power
inputs of MIL—STD—704 except the low voltage limit should not be less than
18 VDC . This test sequence shall be repeated for each Detector Head .

1 48 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

j



•1~~~~ 
—-- -5----  - — -5— 

- —-5— - - --- ----- --- --‘-.. - - - —- - -.-..— --5- -~~~~
—.-—-,

A t - the completion of this t e s t - utilizing fire of MIL—D—27729A , para—

~-r~~--n d . 5 , 4 ua l i t y and calibrate substitute propane flame source for
equ i-- - i.t response and profile characteristics for inside laboratory use.

.1.3 i )etectnr Head Cone of Vis ion

Each etecto r Head shall be t e s t e d  for cone of vision in the hori-
zont al and vertical planes at 40° off the center line using the test fire
p alag raph ~

,.5 of MIL—D—27729A. The FIRE warning light shall come on
wlthir. 500 millisecond s , at leas t 90% of the time , when the Detector Head
is 4 feet away from the fl-n-ne . Following alarm , one—half the flame front
of t h e  test fire shall be phys ic a l l y blocked fram the  Detector Head view
and the a lar ms  indication sh all continue t o  ho ld .  This t e s t  sequence s ha l l
be r e p e a t e d  f o r  each D e t e c t o r  Head .

4.2.4 Detector Head Attenuation Test

Each Detector Head shall continue to function and cause an alarm
when exposed to a rap idly burning 5—inch diameter pan of gasol ine (100
octane) or P-I fue l w i t h  and w i t h o u t  the  addition of 30 percent by volume
of h’--drau lUn fluid when the window in the Detector Head is coated with
JP4 fuel. There shall be a minimum air flow of 100 CFM across this window .
The F I R E  l igh t s h a l l  come on when the D e t e c t o r  Head to t e s t — f l a m e  d i s t ance
is no less than 2 feet along its center line . This test sequence shall
be repeated for each Detector Head .

4.2.5 Overheat Cable Power Variation Tests

F l ame t e s t s  in accordance w i t h  p a r a g r a p h 4 . 5 . 4  of M I L — F — 7 8 7 2 C  s h a l l
be performed on the Overheat Cables under the various stead y state input
power conditions specified in MIL—STD—704 except the low voltage limi t
should  no t  be less t han  18 VDC. This l i m i t  app l i e s  to  a l l  ove rhea t cable
tests , in particular , Gene ra l Tes t Plan parag raphs 4 . 2 . 6 , 4.2.7, 4.2.8 and
4.2.9. Itt each case , an alarm shall occur in not more than 5 seconds
after exposure to flame s.d shall clear in not more than 30 seconds after
removal of the flame .

4.2.6 J verheat Cable Response Time with 815°C (1500°F) Flam e

Flat-se tests shall be conducted oi-i the Overheat Cables in accordance
scith 4.5. 4 -f MIL—F—7872C using a flame temperature of 815°C (1500 °F). At-s

alarm shall occur in not more than 10 seconds after flame app lication .

—. .2.7 - n-erheat Cable Reset Time

The fl ame test of paragraph 4.5.4 of M IL—F—7872C shall be aUnlied
the Ilv erheat Cables for a period of at least one minute. The tlame

shall then be removed. Within 5 seconds after the alarm has cleared , th~
f lame sh a l l  be re app lied and an alarm shall occur in not more than 5
seconds.
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-. .2 .n t ) V e r h i ~~~it Cable Partial Extinguishment Test

The fle : e tests of parag raph 4.5.4 of MIL—F—7872C shall be app l ied
to  t~ - Overheat Cables for a period of 30 seconds. The test flame shall
th~ n be taa~ kt- d so as to reduce Its effective area of contact b y approx i—
r , ,~ t e 1 v  50 percent. The alarm signal shall not clear. After an additional
JO se:~-nds , the flame shall be removed entirely and the alarm signal shall
then clear In not more than 30 seconds.

4.2.9 Overheat Cable Repeated Response and Clearance Time Test

The f l~ me test of paragrap h 4.5.4 of MIL—F—7872C shall be app l ied
fu r two periods of at  least one minute each. The cab le s  s h a l l  be cooled
t o  room t e m p e rat - c r e  or  t o  t h e  a l t e r n a t e  temperatu re permitted by paragrap h
-. .5 .l.l of M [L-F—7-n72C after each exposure to flame . The flame shall then
be a p p l i e d  a t h i r d  t i m e  t o - t he  same portion previousl y hea ted. An alarm
signal shall occur in not more than 5 seconds after each exposure to flame ,
the alarm shall clear in not more than 30 seconds after the flame has been
ros - .e’- ed. A rtificial me ans of cooling the cables shall not be used. Dur—
lag toese tests , the cable elements subjected to the flame shall be
vi~~ ra t e d  a t  it - s a c c e le r a t i o n  of 10 g a t  a f r e q u e n c y  of 30 cycles per second.
t h i s  vibration may be p ro d uced by a mecha ni cal me ans such as an 1800 rpm
otcr dr ivi nc an eccentric arm or cam.

4.2.10 Ove rheat Cable Salt Water Immersion Test

. i t h  th e  sy stem operating at standb y, the Ove rhea t Cables s h a l l  be
di s c onn ec t - e d at a convenient point. The OVERHEAT FAIL ligh t shall come on.
Ti~ epon ct-sd fitti ne s sI .oll be completely Inmiersed in a 5 percent solution
( b v s-;~ i~~~t )  of salt w ter for not less than 10 seconds and an alarm shall

n- :cur. The end fittin a shall be removed from the salt solution and

~~ c e s 5  so l u t i o n  may be shaken off. Within one minute after removal from
t ao  ~

s -
~~~t s o i : t i o n , the  - - ables shall be reconnected and the Reset button

~-n~ a d .  lOse OVER 1i 1AT FAIL l ig ht shall go out .

. 3  ~r .v i ;n s - . c  n t - a l  Tes t s

_ . . :.i i . i e c t r o r s - s g r s et i c  I n t e r f e r e n c e  
—

ih ,~ ccn : lete system shall be subjected to the electromagnetic inter—

~~st s  o f -I L—s- IO ) —461 A of I t - . Io e’~’ I — C e q u i p m e n t .  System per form—
- n e  s hj l l  be as r e q u i r e d  by tha t  s~~ i i  ositlon .

-• - J. 2 }1i~~I . T~~.~1- e r a t u r e

Ihe comp lete system shall be sLb~~-ctCd to a forty—eigh t hour 71.1°C
(i6J F) st - Jr lge test. At the conc lto i u .i of this test and while still at

- c~ser  - t -n .~ , t Iu system shall be ~- c ~ - . 1 f r  n orma l  operation by exposing
H t~ iJetect.r Head to a -c -iturating sc -i r ce ci ultraviolet radiation and by
ex , - - a i : . g  l I e  Ove rheat C - bi o s  to i c - .  a l l  zc d  b c  it i g. Lights on the two
r O o t un its sh i ll be observed for proper a - r r i  on. Following this , the
: 1 - n it -  - t - t O r . c C  i - a r n l r t ~ Unit ais -1 Crew Readout U n i t  sh a l l  be removed f rom the
te St en ml-~ r to r o o r .  ambie nt and tae ch is- . per ture brought to 82 .2 °C

I S O
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(180 ° F) and he ld f or a per iod of f our ho u rs~ At the conclusion of u s
test and while st - ill at temperature , the system shall be checked for
normal o p e r a t i o n  by exposing each De tec to r  Head to a s a t u r a t i n g  source of
ultraviolet radiation simultaneously for 5 minutes and b y exp osing the
Overheat Cables to localized heating . Lights on the - Readout Units shall
be monitored for proper operation . Following this and with the Computer
Control Un it still at 82.2°C ( 180 °F ) ,  the Overheat Cables shall be removed
f rom the oven and the calibration test of p ara grap h 4.2.1 repeated. The
system alarm point shall not vary more than 6 percent from the reference
alarm temperature of 4.2.1. Following this , the Det ector H~~ es shall be
placed in a separate oven for four hours at 260°C (50O~ F~ while the Com-
puter Control Unit is held at 82.c °C (l~ L c F) for the same period arid the
calibration test , using the nua lif ied propane flame of 4.2.2, sh a l l  be
repeated for each Detector Head. Also , th e Detector Head shall be checked
aga ins t the equivalent of 5000 foot candles of unfiltere d sunligh t
originating at or ang le of 45 ° or less fr—on the zenith and shall not cause
a false alarm.

4.3.3 Low Temperature

The complete system shall be subjected to a tour— ho ur — 4O °~ (—4 0°F)
storage test. At the conclusion o t  this te ot - and vi-lO l-~ st r l i  tempera-
ture , the system shall be check ed for ncmssso.l - er 3tic r , b. e x p o s i n g  c o t - b
Detector Head to a saturati ng source of ultrav io let radiat i sn and bY ex-
posing the cables to localized h~ -~t in-e . 1i~~- tc  r. 1-~aintenance kamnim g
Uni t and the Crew Readout Ut - sit s h a l l  be o b s e n - - - 2  f o r  o r - p e r  — p - c-rati on.
Follow ing this , the Overhead Cables shall e remove d r ot--s the chamber and
sha l l  undergo  the c a l i b r a t i o n  t e st  of  arac ~rI 4. . 1 w i t h the Computer
Control Unit still at —40°C. The sys Let-- - s l a v  i ~ o i r :  snail nct vary more
than 6 percent from the reference ajar -n t :m :  e r a t ~~rt o f -. . . l  F o l i o -~i n g
th is , with the Computer Control Unit and 2 e t -~~~ct r Hea4— still at —60°C , the
calibration test using the qualified calibrated ~rr -~3rs e fl -ams€ of 4 . 2 . 2 ,
shall be repeated for each Detc-ctor head. A lso , th e P e t c t c r Head shall
be checked against equivalent ot 5000 r o o t  c - in d i e s  of ir fi lt - ered sunligh t
or iginating at an angle of 4S° or less fr-cm zer.it: and sha ll no t  cause  a
f a l s e  a la rm .

4 .3 . 4 Shock

Shock tests shall be performed on t o e  sy s t e m  i t - s accord irs - c wi th Pro-
cedure I of method 516 of MIL—S TD-~~ OB usin g a s~~- H: --t O waveform at a
leve l of 20 g ’s and a duration of 11 nilliceconds. The t e s t  sha l l  be
perf ormed on Overheat Cables sixty incises long. Also , the shock test may
be performed on the comple te test system at one r i m -  -r p - t  ion s of the
sys tem may be tested individuall y t o  acconmtodatc- t ix ss ing . During this
test , the Overheat Cables shall be supported by rcunt lnp - d orm-s spaced
approx ima tel y 8 inches apart. Following this tec t , th e systems shall be
checked f o r  normal  opera tion by exposing the :Jc -t ec tn r Heads to a saturat-
ing source of u l t r a v i o l e t  r a d i a t i o n  and by e xp - o s  i n c  t h e  cab lec  t o

l ocalized heating.
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‘ .3.5 Extreme Exposure

One Detector Head shall be subjected to two repeated exposures at a
temperature of 1093.3°C ( 2000 °F) in an oven tor a period of 1 minute each .
Follow ing this , the Det ector Head shall be checked In the system for norma l
operation by means of a saturating source of ultraviolet radiation . Also ,
the Detector Read shall be checked against the equivalent of 5000 foot
cart -di es of unfiltered sunlight ori ginatin g at an ang le  of 45 ° or less f rom
the zenith and shall not ca-a-c a false alar 

-. .3.6 Altitude

The comp let e svs t e- s* shall be j~u-tt - t i~ ed in an altitude chamber and
operated at a standb y . The ch a r t - e r  terr ;er s u c  sh ill t~~ ri be reduced to
-- .r! °C (—40° F) arid to- - pr ess ur e redu ced to the e :- ~ivalen t -.~i 70 , 000 f ee t
above sea l e d .  litese ~~n -di t inr.s shall be :-a itt ai ne d for one hour . At
the conclusi on of this tire and st - r ile still as terroerature and pressure ,
th e system shall be che cked for n c t r s s a l  operat io n by - c a n s  of a s a t u r a t i n g
sour ce of ultraviolet rad iation and by localized heat ing or resistance in
par ull e l with the Overh eat Cables. The c h a r t - - e r  s h a l l  m e n  be r e t u r n e d  to
room ambient condlt~ ons and the sy ste ms again checked for normal operation
by means of the satur ating source ot uitr as i - ule t radiation and by localized
heating of the cables.

4 .-i E n v ir o n m e n t a l  I~~ s t s

~~~~~ T em p e r a t u r L Shock

The comp l e t e  svstor .:* sn ail be subjected to a temperature shock test
i t -  a c t o r - l a n c e  w i t o  ~l e t h o d  SO t , P r c o e d u r e  I of ~!IL—Si0— ~~l0B.  Tire temperature
dr- t o e-S sh all he 71.1 °C (l~ 0F) and —40°C (—10° F). At the conci-asion of
th is test , t t e  s - s t e r s  s t a l l  o- c n e :t s e d  fcr or r a l operation by means of
ultraviolet radiation for Ir e  hetector Heads and b y means  o f loc al i zed
h e~~ L t r i g  of the Ove rheat C01- lo~~. Foll owing this , one Detector Head shall
b e subjected to a te cr ;t- r atu re -o. - --c k te3t rio -n-- - 5 .  b °a (—65 °F) to 300 °C ( 572 ° F)
in accordance with pat s~cra~ h ~ .3.4 of ~IL_ D_ 27n29A. The Detector Head
shall be checked ft-s r normal cper~ don following this test , by means of a
saturati n g source of u l t r o : i - l e t  radiation.

4 . 4 .2  V l b r a t r u n

Vibrati on t - ; t s  shall be p er for n tr 1 ~-n the svsters in accordance with
P r o c e d u r e  I , C u r v e  E , P~~~t s 1 , 2 end  3 ; T in e  s~~~e d ul e  I of Me thod 514 of
- li1 . — nT )- 8 10H . iL tt St s t i a l  1 I-c po r i - .r :-.cd on one Detector Head rather
titan six and s h a l l  be p t - r i  u i 2  - r~ t ) e ih~~~~ L Cables sixty in ches long .
Also , the vibrati on ts r-,- be p e r f c - r m u or th e  c o m p l e t e  t e s t  s y s t e m  at one
t i n e  o r p o r t  i -nc  or t I e -  sp- t ~ :: - s t - a - .- b. viP- ated in - ~ l v i  d u a l l y to accommodate
f i x t u r l u g .  D u r r r s s - r : l ~ te st , t i e  lv e r h t - a t -  Colt - I. s —, i r h l l - ~ supported by

~~~~~ n. u n t i r r g lar i .~- r ; s - a -  ~J a p p r ~ .- I r c - , t -  l y 8 i i ,  a d S  i - a r t .  F o l l o w i ng the tes t ,

* he Crew Re , I  - c t  11 it and th e l-l ain tena rr ce Warn i r.~r I - t ced not be sub—
je sted to te s-c t e S t S .
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i t - c e  system shall be checked for normal operation by expos ing the Detector
Heads to a saturating source of ultraviolet radiation and by exposing the
cables to local ized heating.

4.4.3  ~iu :cridity

The comp lete systen * with one Detector Head instead of six , sh all -
~~~

be subjectec t o  a cu m i d i y  test in accordance with Me thod 507, Proced ur e I
of !4IL—STFD—8103 . The Crew Readout Unit and Maintenance Warning Unit wi ll
be s u bj e c t e d  t o  a reduced humidity test for information and evaluation .
Inst ediatel y after completion of testing, the system shall be checked for
normal operation by means of a saturating source of ultraviolet radiation
for the Detector Head and localized heating for the Overheat Cables.

~~~~~ Salt ’Fog

The system * w ith one Detector Head instead of six , shall be subjected
to a salt/fog test in accordance with Method 509, Procedure I of MIL—STD—
BlOB. tsnrrediate ly f o l l o w i n g  t h i s  tes t , the system shall be checked for
r cr r r . s l  operation bs cre ano of a saturating source of ultraviolet radiation
far the Detector Head and localized heating fo r  the Ove rhe at Cables . The
sS.ste:s shall then be inspected for corrosion , stored for 48 hours and
retest ed in accordance with the Method 509 requirements .

Note : Paragrap hs .3.1 , 4 .3 . 4 and 4.3.6 are to be done by an outside
vendor .

*Tlre Crew Readout Un it and the  M a i n t e n a n c e  W a r n i n g  U n i t  need rr’ot be sub—

~c :ted to these tests.
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APPENDIX VI

EDISON ELECTRONIC DIVISION

McGRAW-ED I SON COMPANY

GRENIER FIELD

MANCHESTER , N. H. 03103

INTEGRATED FIRE AND OVERHEAT

DETECTION SYSTEM

TEST REPORT

APPROVED 
_ _ _ _ _ _ _ _ _ _

QUALITY ENG~IN~~R

APPROVED BY: -

M.  W. REISER
CHIEF Et~~INEER
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1.0 OBJECT

This repor t documents the qualification test program performed by
McGraw—Edison Elec tronics Division on one Integrated Fire and
Overheat Detec tion System.

SYSTEM SN 1
1 Crew Readout  Unit CRU 44222
1 Maintenance Warning Unit MWU 44221
1 Computer Control Unit CCU 44238
6 Flame Sensor Heads 44227
2 Overheat Sensor Cables

2.0  ADMINISTRAT iVE DATA

Shock & v i b r a t i o n  t e s t  per fo rmed  b y A s s o c i a t e d  T e s t i n g
Labora tory , Burl ing ton , Mass.
Electromagne tic interface test : performed by Sanders
Associates , Nashua , N . H .
All remaining tests were performe d at Edison facilities.

3.0 APPLICABLE DOCUMENT S

Mil— F-~-7872C Fire & Overhea t Warning Systems
Mil— Std 810B Environmental Test Methods
Mil—D—27729A Smoke and Fire Detection for Aerospace Vehicles
Mil—S td—704 Electrical Aircraft Power
M1l—S td—461A Electromagnetic Interface

General Test Plan for System Performance Test , In tegra ted
i i r e  and Overhea t De tec tion Sys tem , Air For ce con trac t
F33615—72—C—1053.

4.0  TESTING PERFORMED

The follow ing tests were performed In accordance with the general
test plan:

TEST PERFORMED SYSTEM PARAGRAPH

Initial System Test 1 4.1

Lamp Indications 4.1.1
Flame Sensor log ic 4.1.2
Sensor Faul t logic
Adjacen t Head Fault logic 4.1.4
Overheat Sensor 4.1.5

Initial System Test 1 4.1

Overheat  Open Fau l t  logic  4 . 1 .6
Overheat  Sho r t  F a u l t  log ic 4.1.7
Power in terup t log ic 4.1.8
Faul t memory 4.1.9
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Perf ormance Test 1 4.2
Overheat Cal 4.2.1
Detect or head cal 4.2.2
Detector head vision 4.2.3
Detec tor head attenuation 4.2.4
Overheat Power variatio n 4.2.5
Overheat Cable response time 8’c °C (1500 °F) 4 . 2 . 6
O v e r h e a t  C a b l e  r ese t  t ine  4 . 2 . 7
Ove rheat Cable partial extinguishment test 4.2.8
Overh cat Cable repeated response and clearance 4.2.9
Overheat Cablt- salt wa ter irmaersion test 4.2.10

Envirors. c~ nta1 rest i 4.3

Electrorna~ netic Environmental 4.3.1
High Temp 4 .3 .2
Low Temp 4 . 3 . 3
Shock 4.3 .4
Extreme Exposure Sensor 4.3.5
A l t i t u d e  4 . 3 . 6
Temperature Shock 4.4.1
Vibration 4.4.2
H u m i d i t y  4 . 4 .3
Sa l t  Spray 4 . 4 . 4

4.1 Test Equipment

Description Make & Model

Pow er supp ly Harr i son Model 622A
0—30 vol t DC
5 amp

Temp Chamber Thermotron F—ll—CH—22
37 .7 °C (—100° F)
176.6°C (+350° F)

Hi Temp Chamber L indb erg Type 51442
23 .8 °C (+75 °F)
1204 .9 ° C (2200 °F)

H u m i d i t y  Chamber Blue M FR—256PC

Salt Spray Chamber Associated Testing SA .80

Decade Box Leed Nor thrup 4776

H i Temp Chamber GECO—Type HCO

Flame Pot Edison per MIL—F--7872

Turne r Propane Torch
(Calibrated propane flame)
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(Suc light s- u ioe~

I d icr ~sete r~~ tci irs es,s S~ - t. .
- -ott - a4 ner (op.- o flooc )

St -p .~at ch

Shut  ~ r

5.0 LuNLIL SIu :~

t ine SyStec :c ~e rfo~ nec witriin t - s p e c i f i c a t i o n  t o l e r a n c e s  du r ing  and
aft er eac cc t e s t  of t h i s  - r o - c r r m  s-~ s e p t  where as noted in the results
St-~~t l O h .  See appe t  xes  t e s t  p t a n , B -data sheets.

b .O lEST FROCEDL’PF ANIi RESULTS

6.1 In ittalj~s t I ~t. se r e-rce Paragra;-h 4.1.2 of Test Procedure

The initia l test p i rts is a confidence check of system logic and
s e n s o r  o p er a t i o n .  A f a i l u r e  was  d i s c o v e r e d  dur ing  t e s t  of paragrap h
4.1.d when it wa S o b s e r v e d  t h a t  the maintenance warning unit , MWF ,
did not exhibit t i e  c o r r t - c t  i n d i c a t o r  r e s p o n s e .  This  d i s c r e p a n cy
was rel ated to an electrical failure of electronic circuit card
with in the c o m p u t e r  c o n t r o l  a s s emb l y .  I n t e g r a t e d  c i r c u i t  c omp o r e n t
U13 f a i l e d  ice to  a soldor wi s k e r  s h o r t i n g  the device. This con—
dit~~- n  was caused U-: a -~- c- t -h m a n s 1 c i p  p r o b l e m .  T e s t  was s u c c e s s f u l l y
hassed after rep lacement c f c i r c u i t  card assembly. To implement
the t e s t  p r o c e d i s s c  it was  n e - : e s s a r v  t o  remove the quartz lens
a s s e m b ly  f r c -  the  s e n s o r  case to be ab le  to cove r the sensor with
a Dixie cs- -s .

6.2 Perfor -snaccc e 2est , R e f e r e n c e  Test Procedure Paragrap h 3 .2

Overheat cable response times were measured using a flame pot con-
figured to Mil—F—7872C . Flame sensor response times were measured
using a f l a m e source defined by llil—D— 27729A in conjunction with a
shutter arrangement to supp ly a sync pulse to an oscilloscope for
m e a s u r in g  re~~p an se  t i m e .

6.3 E n v i r o n m e r s t i l T e s t  Reference lest Procedure Paragraph 4.3

6.3.1 E l s mag neti c E n v i o  ament  Ref IF 4.3.1

sti s test was conducted U-.- Sanders Associates ; see Appendixe s C for
te s t report. Maximum limits were exceeded in the following t t s t :

CE )— 3 bro ad-a nd , 28 volt return lead
2~ I) KHZ to 1.5 MHZ
CEO-3 Narrow band , 2S  v o l t  r e t u r n  lead
260 Kild , 560 KHZ , 850 KH-

- 50- 3 ransient 2B volt r--tur n 80D MHZ
E0-3 Tr am-i en t 28 volt positive lead 25 MHZ

157 

~~--—-— -~~~~~~~ - —-- _ _



- - -- - -

REO- 2 broadband radiation .014 MHZ .020 MHZ and .031 MHZ
&.LO-d harr ow band radiation 25 MHZ

125 MHZ 25 3 MH Z 284 MHZ
REO— 2 Transient 25 MHZ

~ r o 1 l ow in ~ t e s t s  were s a t i s f a c t o r i l y  passed : RSO3 , RSO2 , CSO6 ,
CSOZ , C S O I .

b.3 .2 Hi~~h Tern ; S to rage,  R e f e r e n c e  TP 4 . 3 . 2

H i -go temp s t o r a g e  was s u c c e s s f u l l y  comp leted a f t e r  an i n i t i a l  pro—
b l e m  was encountered with four f l ame  sensor heads as the sensor
tubes became ~t -~ ged due to residue deposit formed from outgassing
of the potting compound. This residue attenuated the UV Signal from
the source lamps to the sensor tube resulting in self—test failure .
A r i f t h  f l ame  sensor f a i l e d  due to an element wi th in  the IJV tub e
t s s a t  separated due to probable temperature stress on an imperfect ion
of t:e €slement Itself. The weld of the element i t se l f  remained
secure  and was not  at fault. Probable cause of element imperfection
may have been related tc stress during welding operation . All of
the flame sensors were reworked and properly cured , the unit with
the d e f e c t i v e  tube  was rep laced and a l l  of the f l a m e  sensors were
r e — t e s t e d  and passed .

6

• 3 • 3  Ext reme Exposure  Refe rence  TP 4 .3 .5

Flame sensor  #5 was placed in 1093.3 °C (2000 °F) oven for  60 seconds ;
after approximatel y 35 seconds the potting around the quartz glass
lens ignited. At the end of the period the unit was removed and
fire extinguished by smothering the flame . The flame sensor was
connected to the CCU for the functional test. The Quartz lens was
obse rved to have a sligh t residue coating. The flame sensor was de—
energ ized and p laced aga in in the oven for  the second one—minute
exposure . After 20 seconds the notting compound re—ignited and at
30 seconds the flame sensor cable ignited. After removal from the
oven the flames were smothered and the unit tested. The flame sen-
sor failed the first self test but upon reseting system reset normal
operation was obtained. Although this time the quartz lens was
heavil y coa ted , it would still respond to open flame . Examination
also showed that sensor tubes and source lamp were coated heavily
f r o m  r e s i d u e .

6.3.4 Vibration Test Reference Paragraph 4.4.2 of the TP

The tes t was conducted by Associated Testing Laboratory of Burling-
ton , Mass. The vibration test was performed in accordance wi th
par agrap h 4 .4.2 of the procedure . No prob lems were encountered with
the sensor head or overheat cable . Initial problems were encountered
with the CCU , MWU and CRU assemb lies. Vibration and shock were
successfull y passed after incorporating external Barry shock iso—
la tors to all three units. The C.R.U. and C.C.U. also had several
mech anical changes as a result of initial surveys which indicated
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that mechanical strengthening would be necessary. The following Is
a summary of mod itications made on the CRU :

1. Lamp regulator printed board open PC run——re p laced w i t s
j umper w i r e - -p r o b able  cause: defecti ve etch covered by
solder bridge .

2. Rel ay log ic  Bo ard
Wire jumper open , - ecured w i ’ h  R1\’

3. Harness Cable , b roken wi r L s resoldered and secured.

The following modifica : - m s w e r e  made on the C.C.U.:

1 . Capacitor on C/I board broke off——used Augot clamp s Instead
of cable ti es. Added buss jumpers to strengthen PC etch .

2. Transient suppressor——strengthen mounting b~’ u s i n g  h e a v i e r
hardware .

3. Reconfi gure mounting on filter choke. Add ribs to side wall
to dampen resonances,

~~~. Add a d d i t i o n a l  t i e- downs to resistors on transient suppressor.

No modifications were made on the M .W.U.

6.3.5 Hutrlditv Test Ref. TP 3 .4.3

After removal of tOe system from the chamber the unit was turned c-n
and W a S  not fun cti co a l due to a failure of the transient suppressor
assembly in the CCU . The failure was electrical and not directl y
related to the hum ditv test. Cause of the failure was related to
insufficient thickness of insulator bushings under zener diodes and
tendency ~~ - r diodes t o  creep causing them to short. One of the
diodes had a cracked seal at the time of replacement.

There also appeared to be corrosion on the shield box for the R .F .1.
filters which is cadmium p lated. The “ha i r” observed is due probabl y
to the fac t that the choice of cadmium in a non—ventilated box was
in the presence of RTV and other crgscr ic electrical substances.
Cadmium is not recommended in QQ— P—4l6 this app lication and should
be changed to tin plate pe r Mi 1—1—10727.

6 . 3 .6  S a l t  S p r a y  Tes t  Ref .  IP 4.3 .4

Upon removal of Flame Sensor Head -.4227 from the chamber the unit
was tested and found to be non—operational. The fault was tr ac ed
to a cracked UV tube and not related to salt spray . The tube failure
was pr obabl y related to handling of the Flame Sensor assembly unit
but cannot be confirmed. Examination of the Flame Sensor did not
r e v e a l  any s i gns of sa lt -- a t €- r corrosion .

- - -5- - - -



- -5—- -~~~~--- ~~~-- - -  -- - — -— ~~~~~~~~~~~~~~~~~~~~~ -- --5 -~~~~~~~~~~ -~~~~~~~--~~~~~~~~~~~~~~~~ —-~~~~~~~~~~~~~~~ -

A Note on System

During a reliability test on Svs tern ~~ the FIRE w a r n i n g  li ght came
on i r  one second when no fire was pres ent . V arious considerations
-Suggest ed this false alarm orig inated In U/V Detector Head 011.
T h i s  head was changed to arso’he r input channe l and testing resumed.

Abo ut 3C hours later , a second false FIRE warning occurred , this
one a’)parently due to a power—l Ine abuormal4ty . In over 200 hours
sO f u r t h e r  t e s t i n g , no f u r t h e r  talse FIRE warnings have occurred.
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System ° 1 Date 2/23/76 Initials_____________

Test Satisfactory
Yes No

4 .1. 1
A l l  l i gh t s  cut — — — — — —— — —— — — —— — — — — —  -

Lamp t e s t  — CRU — —— — —— — — — — —  -

Lamp tes t  — MWU — — — —  

4. 1 .2
“F i re” warn ing from head #1  — — — — — — — — -
“F i re ” warning  f rom head #2 —-
“Fi re ” warning  f rom head #3 -

“Fire ” warn ing  f rom head #4— — — — — — — — — — -
“F i re ” warn ing  f r o m  head #5 -

“ F i r e ” warning  f rom head # 6 — — — —  —— ——- I
Sensor 1 sh ie lded , Sensor 2 exposed — head #1 -
Sensor 2 sh ie lded , Sensor 1 exposed — head #1 .
Sensor 1 sh ie lded , Sensor 2 exposed — head #2 - I _______

Sensor 2 sh ielded , Sensor 1 exposed — head # 2 — — — —  
________ _______

Sensor 1 sh ielded , Sensor 2 exposed — head #3——— — --- / _______

Sen sor 2 sh ielded , Sensor I exposed — head #3 -

Sen sor lssh ielded , Sens or 2 exposed — head #4 -
Sen sor 2 sh ielded , Sensor 1 exposed — head #4 - I _______

Sensor 1 sh ie lded , Sensor 2 exposed — head #5 -

Sensor 2 shie lded , Sensor 1 exposed — head #5 -

Sensor 1 sh ielded , Sensor 2 exposed — head # 6—— —— — - 1 _______

Sensor 2 shielded , Sensor 1 exposed — head #6————— - 1 _______

.1.3 Test source shielded — head #1 — 
Test source sh ie lded , Tubes exposed — head #1 

________ _______

Head #1 source sh ie lded , head #2 exposed -

Head ~t l  source sh ie lded , head #6 exposed -
Rese t  Bu t ton  Pressed -

Test  source  sh ie lded — head #2 -

Test source shielded , tubes exposed — head #2 .
Head #2 source shie lded , head #3 exposed -

Head #2 source shie lded , head #1 exposed - I _______

Reset  Bu t ton  Pressed -

Test source shie lded — head #3 .

Test source shielded , tubes exposed — head #3 - I _______

Head #3 source shielded , head #4 exposed ———— ~ I _______

Head #3 source shielded , head #2 exposed— — — — ———— — 

-

________ _______

Reset  Bu t ton  Pressed  -

Test source sh ie lded  — head #4 - I _______

Test source shielded , tubes exposed — head #4 -

Head #4 source shielded , head #5 exposed -

Head #4 source sh ie lded , head #3 exposed -

Reset  Bu t ton  Pressed -
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Sys tem /1 i Date 2L23/76 Initials 
____________

/ Test Satisfactory
4.1.3 (Continued) Yes No

Test source sh i e lded  — head #5 - / 
_______

Test source sh i e lded , tubes exposed - head #5 -

Head #5 source sh ie lded , head #6 exposed —- F 
_______

Head #5 source shielded , head #4 exposed———-- -

Reset  Bu t ton  Pressed  - 
_______- _______

Test  source shie lded — head #6  - F 
________

Test source sh ie lded , tubes exposed — head #6 -
Head #6 source shielded , head #1 exposed -

Head #6 source shielded , head #5 exposed -

Reset  But ton  Pressed - F 
________

4.1. 4

Source s h i e l d e d  in heads # 1 & #2 - 1 
________

Shields  removed  -

Heads #3 , #4 , #5 & #6 exposed  -

Sources shie lded on eads #2 & #3 — — — — — — -
Sh ie lds  removed — —-
Heads #1 , #4 , #5 & #6 exposed - 

________ ________

Sources sh ie lded  in heads /13 & #4 - 7
Shie lds  removed - 7
Heads #1 , #2 , #5 , & #6 exposed - v 

______

Sources s h i e l d e d  in heads /14 & / / 5  -

Sh i e ld s  removed  - 7 
________

He ads #1 , ( ‘2 , #3 & #6 exposed  - F 
—

Sources s h i e l d e d  in heads #5 & #6  - F 
________

Shie lds  removed - 7~ ________

Heads #1 , :/2 , #3 , & ‘/4 exposed -

Sources  s h i e l d e d  in  heads (/6 & #1 
S h i e l d s  removed  -

Heads  #2 , #3 , /14 , & (/5 exposed - 7~ -________

4.1 .5

Cab les A and B h e a t e d  — -

Cab le A disconnected , bo th cables heated -

Cab le A reconnected , Cable B d i s connec ted , Rese t———- 
________ ________

Cables A and B heated — — —— — — — —— — — — — -

C a b l e  B r econnec ted , reset  b u t t o n  pushed - F 
________

Cables  A ari d B h e a t e d  — — — — — —  — — — — -
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System ~ 
1 Date 2/23 /76 , 3/9/76 Ini tials 

____________

Test Satisfactory
Yes No

4. 1.6
Cables A and B disconnec ted at Jl2 , J14 . I 

_______

Cables  A and B hea ted — — . / 
________

Cables A and B reconnec ted , reset button pushed—--——~ F 
________

4. 1 .7
Cab le A disconnec ted at Jl2 and shor ted . I 

________

Cable B disconnec ted at Jl4 and shor ted - I 
________

Cables A and B reconnec ted , reset button pushed————- I 
________

‘ .1.8
Power to Computer Control Uni t  turned of f  . I 

________

4 . 1. 9
Head $1 , Cable A disconnec ted . 

_______- _______

Powe r reapp lied a f t e r  three ( 3 )  hours -

4 . 2 . 1
Measured alarm temperature 406 .1°C (763 ° F)

4.2.2
Input Power 24 volts ______ _____________ ______ ______ ______

Head Head Head Head Head Head
#1 #2 #3 /14 #5 #6

______ 
Test Sa t i s f ac to ry?  

______

* Y I N  Y I N  Y I N  Y I N  Y I N  Y~~ N
“ F i r e ” on w i t h i n  .5 second ,1I ,1 

_____ _____ _____

One-hal f  of f lame blocked /~ /l /~ _____ 
/~ _____

“Fire ” on withinl.5seconds 
_____ 

I~ I~ I~ _____ _____

Input Power — 30 vol ts  
______ _____________ _____________ ______

Head Head Head Head Head Head
#1 #2 #3 #4 #5 #6

______ 
Test Sa t i s fac tory ? 

______

* Y I N  Y I N  Y I N  Y I N  Y I N  Y I N
14 

-+

“Fire ” on w i th in  .5 second I l  ms 11 I l  
_____

One—half  of f lame blocked / 1  / 1  / 1  
_____

“F lr e” outwithinl.5 seconds / 1  / 1  i I  ,1 V’1

* Y - Yes , N No
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~vs t ern ‘~ 1 Date ~~J10/76 Initials 
_____________

-.. 2 2 (Continued)

Input Power 18 volts 
_____ ________________________ _____

Head Head Head Head Head Head
il l #2 #3 #4 #5 #6

Test S a t i s f a c t o r y? 
_____

* Y I N  Y I N  Y I N  Y N  Y I N  Y I N
1 I

“ F i r e ” on w i t h i n  .5 second I I / 1 I I I I I I I
1~~ ~~I , t  I

One—half of flame blocked I I I I I I i I p
—i—I- I l  , .  i t  ,, i tFire  out  w i t h i n  1.5 seconds v I I I ,( p’ I I I I I

4.2.3
Horizontal planes — 40° off center

Head Head Head Head Head Head
#1 #2 #3 #4 #5 #6

_____ 
Test S a t i s f a c t o r y? 

_____

* Y N  Y N  Y I N  Y I N  Y I N  Y N

“Fire” on within .5 second I l  / 1 / 1 11 1 /
One—half of flame blocked / 1 / 1 1 1 v’ 1 _____

Ver ti cal p lanes — 40° off  cen ter

Head Head Head Head Head Head
#1 #2 #3 #4 #5 #6

_____ 
Test Satisfactory ? 

_____

* Y 1 N  Y 1 N  Y i N  Y
~~

N Y 1 N  Y I N

“Fire ” on within .5 second / 1 Il / 1 /1 ~ I
One—hal f  of f lame blocked I I I I I I I I / /

4 . 2 . 4

Head Head Head Head Head Head
#1 #2 #3 #4 #5 #6

Test S a t isr a c t o r y ? 
_____

* Y I N  Y I N  Y I N  Y I N  Y I N  Y I N

Burning fuel  (pure) I ! /~ i! /~ /j Ij
Burning f uel & hydraulic fluid /~ ~ ~ ~I ~I ~

* Y = Yes , N = No
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Sys tem 1/ 1 Date 3 / l l / 7 b  Initials 
____________

4.2.5
Input Power = 24 volts

Alarm time : 6 (3)
Clear time : 7

Input Power 30 volts

Alarm t ime : 6 (3)
Clea r  t ime : 7

Input Power 18 volts

Alarm time : 6 (3)
Clear time : 7

4.2.6
Alarm time : 8 Sec.

4 . 2 . 7
Alarm time after reapplied flame : 3 Sec.

4.2.8
Is 50% masking test satisfactory ? Yes
Clear time after flame removal 4 Sec.

4.2.9
Alarm times: 7 (4) 4 4 sec.
Clear times: 7 7 7 sec.

4.2.10
Test Satisfactory ?

Yes No

Cables disconnected I
End f i tt ings immersed __________________

Cables reconnected , rese t button pushed I
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Sys tem ~ 
1 Date 3/17 /76  Initials 

______________

Tests Satisfactory ?
Yes No

See
Re_port

Electromagnetic interference tests -

4.3.2
Entire system at 71.1°C (160°fl

Response to u l t r av io l e t  — Head #1 -

Response to ultraviolet — Head # 2 --

Response to ultraviolet — Head / / 3  -

Response to u l t r av io l e t  — Head #4 - I
Response to ultraviolet — Head #5 - 1 _________

Response to ultraviolet — Head #6 -

Response to overheat condition - / 
_________

CCII. heads and cables at 82.2°C (180 °F)

Response to ultraviolet — Head #1 - V _________

Response to ultraviolet — Head #2 - / 
_________

Response to ultraviolet — Head #3 - _ /_ 
_________

Response  to u l t r a v i o l e t  — Head #4 - I _________

Response to u l t r a v i o l e t  — Head #5 - I _________

Response to u l t r a v i o l e t  — Head #6 -

Response to overheat condi tion - V _________

Measured alarm temperature 3 92 .2 ° C (738 ° F)

Detector Heads at 260° C (500 ° F) 
_____ ________________________ _____

Head Head Head Head Head Head
3/ 2 2 / 7 6 #1 #2 #3 #4 #5 #6

Test S a t i s f a c t o r y? 
_____

* V T~ Y I N I Y I N  Y I N  Y I N  Y I N
I j  I I I

“Fire ” on within .5 second / I / 1 / I / I / 1 / 1
One—half  of f lame blocked I / I p1 1 / I I I I I
“Fire ” out w i t h i n  1.5 seconds Il / 1 I 1 / 1 ,1 1 / 1

Is f a l s e  a la rm t e s t  s a t i s f a c t o ry ? Yes

* Y Yes , N — hr
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System /1 1 Date 3 / 2 3 / 7 6  In itials 
_____________

Test Satisfactory ?

4 3 3  Yes No

Response to u l t r av io l e t  — Head ((1  I 
_________

Response to ultraviolet - Head #2  I 
_________

Response tc u l t r a v i o l et  — Head #3  I 
_________

Response to u l t ra v i o l e t  — Head 1/4 / 
_________

Response to u l t r a v i o l e t  — Head #5  V 
_________

Response to u l t r av io l e t  — Head #6  I 
__________

Response to overheat  condi t ion  - ~~ 

L

Measured alarm temperature 404 .4° C j 760°F)

Head Head Head Head Head Head
#1 //2 1/3 114 #5 //6

Test Satisfactory ? 
_____

‘
~ Y IN Y IN Y 1N Y N Y

“Fir e” on wi thin .5 second 
- 

I 
~~ 

/ I p 1 I I

One-half of flame blocked / 1 - 1 1 i I I ____

“F ire” out within 1.5 seconds / 1 - 1 1 I I I I I _____

Is false alarm test satisfactory ? 
— 

Yes

Test Satisfactory?
Yes No

4 ~ .4
Response to ultraviolet — Head #1 -t I 

_________

Response to u l t r a v i o l e t  — Head #2 -j I 
_________

Response to u l t r a v i o l e t  — Head #3 ~ I 
_________

Response to u l t r a v i o l e t  — Head #4 -

Response to u l t r a v i o l e t  — Head #5 - I 
_________

Response to u l t r a v i o l e t  — Head #6 - I 
_________

Response to ove rheat  cond i t ion  
OK

4 .3 .5
Response to ultraviolet radiation - I 

_________

Fals e alarm test — . OK 
_________

* Y — Yes , N — No
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Sys tem 1/ 1 Date 4/29/76 Initials 
______________

Test  S a t i s f a c t o r y?
Yes No

4 . 3 . 6
—40 ° C, 70000 f t .

Response to u l t r av io le t  — Head #1 . I 
_________

Response to u l t r a v i o l e t  — Head #2 - I 
_________

Response to u l t r av io le t  — Head #3 - / 
_________

Response to u l t r av io le t  — Head #4 - I 
_________

Response to u l t rav io le t  — Head #5 - I 
_________

Response to u l t r av io le t  — Head #6 - I 
_________

Response to overhe at condition - I 
_________

Room temperature ,  pressure

Response to u l t r a v i o l e t  — Head #1 I 
_________

Response to u l t r av io l e t  — Head #2 
Response to u l t r av io l e t  — Head #3 I 

_________

Response to u l t r a v i o l e t  — Head #4 I 
_________

Response to u l t rav io le t  — Head #5 - I 
_________

Response to u l t r av io let  — Head #6 - / 
_________

Response to overheat condit ion OK 
__________

4.4.1
Af ter —40°C (—40 °F)/71.1°C (160°F) Temperature shock

Response to ultraviolet — Head #1 - / 
________

Response to u l t r av io le t  — Head #2 - / 
_________

Response to u l t rav io le t  — Head #3 - I
Response to u l t r av io le t  — Head #4 - I 

_________

Response to u l t r av io le t  — Head #5 - / 
_________

Response to u l t r av io le t  — Head #6 - I _________

Response to overheat condit ion - I 
________

A f t e r  — 5 3 . 8 °C (—6 5 °F)/3 00° C (572 ° F) de tector  head shock

Response to u l t r av io le t  exposure———— -L I _________
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System # 1 Date 4/29176 Initials 
_______________

Test Sat isfactory ?
Ye s No

4.4.2 Post Vibration

Response to u l t r a v i o l e t  - Head //1 
— 

I 
________

Response to u l t r a v i o l e t  — Head #2 -

Response to u l t r a v i o l e t  — Head #3 - I 
________

Response to u l t r av io l e t  — Head (/4 -
Response to u l t r a v i o l e t  — Head ‘(5 -

Response to u l t r a v i o l e t  - Head #6 - I 
________

Response to overheat  cond i t i on  - I 
________

4 . 4 . 3

Response to ultraviolet , overheat conditions - /

4.4.4

Response to ultraviolet , overh eat immed iately
a f t e r  — — —— — — — —  - I 

________

Response to u l t r a v i o l e t, overheat  a f t er  48 hours
s torage - 1
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Adriil nistr at he Data

1.0 Purpose of Test:

To determine the T h i i i ’ v  of the submitted In:eI~rate d Fire and
Overheat Pro tt- ~-t ion system to comply with the requirements of
t he t e s t  s p e c i t i t r l  i t t  r i e  p r o c e d u r e s  o~ th i s  r e p o r t .

2.0 Manufacturer: Edison ~ 1ectron ics Division
‘‘ : t -~ Ec iSon (‘-~m p t n
Grenter rj el d
Marc t st e~~, h- -w Hampshire 03103

3.0 Manufacturer ’s Type or Model No:

4.0 Drawing, Speci fication or Exhibi t: Edi son  E l e c t r o n i c s  Genera l
Test Plan , Dated May 15 , 197 2 ,
revised Report Numbe r 59377-1 ,
June 10, 1975 and December ii ,

5.0 Quanti ty of Items Tested: 1975.

One (1~ System

6.0 Security Classifica tion of Items: U n c l a s s i f i e d

7.0 Date Test Com p leted: Ma 11, 1976

8.0 Test Conducted By: Assoc ia ted  Test in g  Labora tor ies , Inc.

9.0 Disposition of Specimens: Returned to Edison  E l e c t r o n i c s  D i v i s i o n
Of McGraw-Edison Company.

10.0 Abstract:

The submitted Integrated Fire and Overheat Protection System was
subjected to Environmental Testing in accordance with the above
procedures. The System successfully comp leted the Environmental
Test specified .

T-3884—ll
R.port No. Pog.

Assoc i a ted Testin g la bo rat o r ies , Inc.
C l i f t o n , New Jersey 07012

t~-~r l i n g t o n , M a s s a ch u s e t t s  01803
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GENE RA L INFO RMAT iON

The Vibration and Shock Tests were performed on the
following:

One (1) - C R U (Crew Readout Unit).
One (I) - C C U (Computer Control Unit).
One (1) - Detector Head .
One (1) - Heat Detector Cable.
One (1) - ~M W U U-laintenance Warning Unit).

The Altitude Test was performed on the entire system
c o n s i s t i n g  of the f o l l o w i n g :

One ( I ) - C H U (Crew Readout Unit).
One (1) - C C U (Computer Control Unit).
One ( I)  - M W U ( M a i n t e n a n c e  W a r n i n g  U n i t ) .
Six (6) - Ultraviolet Detector Heads
One ( 1) - Dual  Ove rhea t  Cable  Loop

Report No. T-~ RR4-11 Page 2

Assoc ia ted Test in g Lab orator ies , In c.
Clifton , New Jersey 07012

Bur lin gton , Massachusetts 01803
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ALTITUDE TEST

TEST PROCEDURE

The Comp lete System was subjected to an Altitude Test in accor-
dance with Edison Electronics General Test Plan as follows :

The S ys tem was placed w i t h i n  an A l t i t ude  Chamber which was then
sealed.  A func t iona l  check was then performed at a s t a n d b y.
The Chamber temperature was decreased to -40°F and stabilized
for one hour .  The i n t e r n a l  pressure was s imul taneous l y re-
duced to simulate an altitude of 70,000 feet (33.59mm) .

Following one hour of stabilization , and while still at the
required  tes t  parameters , an operat ional  check was performed .
The pressure and tempera ture  were then reduced gradual ly  to
room ambient  and the system was again checked for norma l
operat ion .

TEST RESULTS

There was no evidence of any physical damage fol lowing the
test. The System functioned satisfactorily during and follow-
ing the exposure as repor ted by a representa t ive  of Ed ison
Electronics.

T-3884-ll
Report No. Page 4

As sociated Testin g Laborator ies , Inc.
Clifton , New Jersey 07012
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175

- — -  -5 - ————— ~~~~~~ — - — - --5—---
~~~~~~~~~~ 

--
~~~~ ~~~~~~~~~~ — -  -5- — —~~~~~

- 



- -- - -~~~~~~~~~- -~~~~~~~ —-~~-- - 
~~~ — - ~~-_

VIBRATION TEST

TEST PROCEDURE

The individual system components as listed in the Abstract
were s u b j e c t e d  to a S i n u s o i d a l  V~ h r a t i o n  Test  in accordance
w i t h  M I L - S T D - 8 l O B , Procedure  I , Curve Z , P a r t s  1, 2 , and 3
and Time Schedule I. The following is a description of the
test as it was performed.

Th e System Components were individuall y mounted to vibration
test fixtures . The test fixture was then securely attached
to the table of a vibration exciter . A control accelerometer
for monitoring and controlling the input vibration amp litude
was mounted on the  t e s t  f i x t u r e  near  the specimen moun t ing
points . A monitor accelerometer was utilized in conjunction
with an ‘1x- Y” p lotter to determine the presence of resonant
f r e q u e n c i e s

The System Components were then subjected to a Vibration Test.
The Vibration Test was performed at room ambient temperature.

A resonance survey of the Components along each orthogonal
a x i s  was made.  The f r e q u e n c y  range f rom 5 to 500 Hz was per-
formed at reduced levels.

During the frequency sweep from 5 to 500 Hz, the output of the
monitor accelerometer probe was monitored in order to determine
the  p resence  of r e s o n a n t  f r e q u e n c i e s .  A r e s o n a n t  f r e q u e n c y
was defined as a frequency at which the ratio of the output
of the monitor accelerometer to the input vibration amp litude
was 2 or greater. Each resonance was recorded .

Each component was then subjected to Sinusoidal \ Ibration
along the same orthogonal axis over the frequency range of 5
-to 500 Hz . The range from 5 to 500 Hz and back to 5 Hz was
traversed at a logarithmic rate in approximately 15 minutes
(0.26 decades/minute) . The input vibration amplitudes are
given below :

Report No. T 388441 Page 5

Associated Testing Laborator ies , Inc.
Cl ifton , New Jersey 070 12

Bur l in gton , Massachuset ts  01803
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VIBRATION TEST

TEST PROCEDURE ( co n t i n u e d)

Frequency (Hz) Input Vibration Amplitude

- 14 0.1 inch d .a .
14  — 23 ± l g
23 - 90 0. 036 inch d .a .
90 - 500 ± 15g ’s

The total cycling time was determined from the table given
be low :

CYCLING AND DWELL APPORTIONMENT

Number of
Resonances 0 1 2 3 4

Total Dwell
Time in Min-
utes at Res-
onant Points 0 30 60 90 120

Total Cycling
Time in Mim-
u tes  180 150 120 90 60

The Components  were v ibra ted  along the same or thogonal  axis
at the resonant frequencies which were determined during the
resonance su rvey .  V i b r a t i o n  was for  30 minutes at each resonant
point. If more than four  resonant  points  were noted from the
re sonan t  su rvey ,  only  the four  most severe were used for
resonance v ib ra t ion .

The above procedure was performed in each of the Components
three orthogonal axes. At the conclusion of vibration in each
axis , each un i t  was examined for  any signs of damage .

Report No.__T-3884-l1 Page 6
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VIBRATION TEST

TEST RESULTS

Each individual System Component tested successfully completed
3 hours  of v i b r a t i o n  per axis  w i t h  no ph ys ica l  damage .

R e f e r  to A ppend ix  fo r  r esonant  search  d a t a .

Report No. T 3884 1l Poge 7
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SHOCK TEST

TEST PROCEDURE

The Individual System Components were subjected to a shock test in
accordance with Edison Electronics General Test Plan , as f oll ows:

The units were individually mounted to the shoc k machine . The shock
machine was previousl y calibrated to produce a shock pulse of 2Og
peak amplitude and 11 milliseconds time duration . The shock pulse
wave form approximated that of a sawtooth. Each component was sub-
jectiH to a total of 18 blow s , three in each direction of three
m u t u a l l y  p e r p e n d i c u l a r  axes .

Following the test , the units were removed from the fixture and
examined for damage . The System was then checked for normal operation .

TEST RESULTS

Th e System Components all satisfactorily completed the shock test
with no physical damage noted . The System operated satisfactorily
following the test as reported by the Edison Electronics representative .

Repor t No. T 388411 _~~~~ Page 8

Associated Test in g Lab orator ies , Inc.
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ELEC T RO M A~~ E T I C HTERF .R E N CE REPORT TE ST SU MMARY SHEET

TEST ITEM : REPORT NO. DATE TEST CO M PL. 5/7/76
O ;~E I .F.O. SN 1 2439

_________________ ________ ________ 
DATE _ REP T .__COMPL.

MANUFACTU R ER : ~~~~I~ TCAT ION 
— ______________________________

MC GRA W t UI~ U~ _____ 
M IL-STD - 4 61A Noti ce 3

SUM MARY OF TEST RE S ULT S
— 

TEST 
-V 

SPEU.
MET HOD TITLE PAPA. REMAR KS PASS FAIL

CEO 3 20 KH z to 50 MH z, ~ oI,e r
Lea ds 6.2 X

CS O 1 20Hz to 5 0KHz , Po w er
Le ad s 6 . 4  X

CSO2 50KHz to 4 Q 0 ’ .Hz Power
Lea d s 6. 5 X

CSO6 S pik t~, Powe r Leads 6.9 X

REO2 9.5KHz to 10GHz 6.12 X

RSO2 Magnetic I rd uc tion Field 6.18 X

RSO3 14K Hz to 10Gh z Electric
F i el d 6 . 1 9

_ _ _ _ _ _ _ _  — —_ _ _  _ _ _ _ _ _ _ _ _ _ _  I

SUMMARY OF REPORT : CEQ 3: Worst case BB emission exceeds l i m i t  by
32dB . Worst case NB emission exceeds l i m i t  by 26dB . REO2: Worst
case  BB e mi ss i o n excee d s l i m i t  by 12 d B. Wors t case  NB em i ss i on e x c e ed s
l i m i t  by 2 1dB.

_ _ _ _ _ _ _ _ _  _—-- -~~~~~~~~~~
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Report No . 2439

1.0 AO~~IN I STRAT IVE D A T A

1.1 P u r p _O s e / P e a s o n  f o r  T e s t

To deter r ine if M cG ra w - Ed i s on , I F 1j Eq ’~ipment co ni plies with

the requirements of ~V 1IL _ STD ..461A , Not ice ~i , fo r C l a s s  1A ea u ipmen t.

1.2 Description of Test 3arp ie  
V

The lEO equipment tested consisted of the fol l o w i n g  units:

Crew Read - out Unit

Maintenance ~arn i ng U n i t
C . C I U .

6 ea U . V . ~e tecto rs (Flame Sensors)

1.3 Di~ p~~flio n of T est~~~ m~ ie

Equipment was ret urned by McGraw E dison by th eir representative .

1 .4 Re fer ences

MI L— STD - 4 61~~, No tice 3 Electronics Inte r ference

C h a r a c ter i s t i c s  ~Re qui rements

for Equipment.

M IL - STD - 462 , Notice 2 Electrom agnetic Inter ference

Charac ter i s ti Cs ~~ a sure men t of
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Report No. 2 4 3 9
FAL[Uf4 Ii A 1A Revision ____________

2.0 G E NE ~~~L

2.1 1 . A~ cu r ac c f __~eas u r em e fl t S

2. 1 .1 F j 1 1 i r , t e r  c i ty Me ’ ‘-r~

T h e  p r i r c i p l e  r:~~ ns of determining frequency and amp litude
during the ~~st w i s on~ or more of the f o l l o w i n g  f i e l d  i n t e n s i t ,
me ters:

Check Frequency Frequen cy Ampl it ude
If U s e d  Mc~~~ Mn- . Ra~~~e Accuracy Accuracy

E MC-l O F a i r c h i l d  2OHz -5O kHz ~~1/2% + 5Hz) ±1/2 dB
F C a ll brat r d every month s

EMC-2S Fa i r c h i l d  l4k h z- l GHz +2% + 1.5 dB
Calibrated every 12 months

EMA - 91 0 Si n g e r / E m p i r e  lGHz -26 .5~ Hz +l/2~ +2 dB
Ca l i b r a t e d  ~~~V lerj l 2 m o n t K s

LI N F -l0 5 Singe r V /Empi r e l 4kHz -l GHz +2% +1 dB
Basic Unit 12 m onths

LI TA - 12 Months LII TA - 12 Months LI Ti - 12 Months

LI 12 - 12 Mo th s LI 13 - 12 Months

These i rs t r jm e n t s  .V~ere calibrated by the Sander s Associates
Instrumentation C a l i b r a t i u n / S t a n d a r d s  Laborat ory, which operates
a gove r nme n t a ppr o ve i c a l i b r a t i o n  program in accordance with
M IL -C - 4566 2A , C a l i b r a t i o n  System Requirements ” . The ca l i b r a t i n g
equipment accurac y req uired by r’ IL-C-456 62A is several order s of
mag n it ’jde greater than that of the EM C in strumentation listed ab ove.
This ensures the gr eatest possible freque ~icy and amplitud e data
accuracy.

2.2 T r a n s d .~L~~ o

All antenna s - -(wit r i one exc e p t ion)- - a n d Current probes use
the corre ction factors s u p p l i e d  by their resp ective manufacturer s.
The si ngle exception is the Empire ~A _ l O 5  4 1 -i nch verti cal rod
antenna (l5O ~ Hz to 3OM~ z) which is c a l i b r a t e d  every six m onths by
the San ders ’ C a l i b r a t i o n  Laborato ry.

2 . 3  Signal S o u r c e s

A variety of signal sources were used to dev elop the r .f.
environm ent for system s u s c e p t i b i l i t y  tests. . The field in tensity
was m onitored by the field intensity meters described above , an d so
the signal sour ce ~as not a pri r: a ry consideration in determing the
accur acy of measurement.

The signal sources are calib rated by the S/A In strument
Ca l i b r a t ion/Stand ards Labo ratory on a 12 month cycle.
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2.4 L~~o c r i : t i o r i_ o f  ~~~t l J c d E . nc ~~o t u r e

a )  T )V P e  Constr u c t i o n :  Per ~~L-E-~ 8~ l ;  T . V P e 11B per V

Ta b le I ; Dou t le s hi el d cell
type , solid metal , Class C
per Table I i .

b )  Manufacturer: Ray Proof Corporat ion , Norwalk ,

C o n n .

c) Model No:  81

d) Size: 6.1M x 3M x 2.4M

e) Door C l e rance: 2 M x 1 . 8 M

f) Filter Current & Re yProof 1B41-60

Vol tage Rating: 60 amp, 115V AC , 400 Hz

g) Ground Plane Copper .92M x 3.4M x 79MM thick

Size & Ma terial

h) DC Bonding .2 mi l l i o h m s

Res istance of Ground

Plane:

2 . 5  Test Sar~p le Op eration

For all EMI tes ts the lEO ~as placed into normal operation .

None of the test li ght ind icators were li t .

2.6 Susc e p t i b i l i t j  M o n i t o r i n g

During susceptibility testing, the test li g .~ were monitore d

to check for any malfunction.
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Test No. 2439

APPENDIX A
TEST METHOD CEO3

CONDUCTED EMISSION
POWER LEADS

20KHz  to 50MHz
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Test No.  2439

TEST E~ U I P t1 EN T

DESCRI PTION I4O D E L JM FG. SERIAL NO. CAL.DATE

EMI METER N F—1 05 3348 7/75
EMPIRE

CURRENT PROBE 91 550- 1 BF496 N/A
STO D DART

CAPACITORS 1O~ fd FEEDT HRU N/A N/A
SANDERS ASSOCIATES

TEST PROCEDURE

Broad band and narrowband conducted emissions were measured from

20K hz to 50MHz , on the 28VDC po~/2r lea ds. T h e t e s t  s e t u p i s s h o w n
in Figure I .

TEST RE SU LTS

Broa d ban d co nd uc te d e mi ss i ons excee di n g CEO3 l i m it s were
meas ured on ~28 volt and return leads. Worst case conducted emission

exceeds the l i m i t  by 22dB on 28V return lead. Narrowband conducted

emission e x cee di n g CEO3 l i m i t s  were measured on 28V return lea d.

Worst case conducted emission exceeds l i m i t s  by 26dB . Transients

excee ding CEO 3 l i m i t s  w e r e  measured on +28V and return leads. Worst

case exceeds l i m i t s  by 25d B . See data sheets 1 thru 6.
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Report N~~. 2439

APPEND IX B
TEST MET H OD C SO 1

CONDUCTED SU SCE~V T I B I L I  TY
POWER LEADS

3 0H z to 50Khz
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V __~V~VV_ V V V_ V •_V_ V _V VV_ V V—V — 
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V V

~
VVV

~
V — 

V V V~~~~~~~~ VVV______V VV___ _~_ VV~VV V__ V VV_ V - 
Vr VV_VV

~ __ V___ V _V_V - ~~VV~V__ V~ V VV_ _~~~~~~ _•V 
V VV V

Re p o r t No . 2439 V

T E S T _E1~U I P M E N T

D E S C R I P T I O N  MODEL /NFG SERIAL NO. CA L.D A TE

OSCILLATOR 200CD H E~~LETT - 333-54618 N/A
PACKARD

PO WER AMPLIFIER MO100 BOGE N J-52 N/A

TRANSFO RMER 6220-1 SOLA R N/A N/A

VOLTMETER 630PL TR I PLETT 459 3 10/ 75

TE ST PRO CE r :UR ~

A 3V PVMS signal v.aS injected on the 28v DC high and ret urn leads

of the power supply from 30Hz to 5O Yb z. The IFO operation was mon-

itored for su s c e p t i b i l i t y  by a v i s u a l  ch eck of the test lamps. The

test setup is shown in Figu rc 2.

V 

TEST RE S ULTS

No li g h t s  came on to indicate any malfunction during this test .

See data sheet 7.
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Re port No. 2439

APPENDIX C
TEST METHOD CSO2

CONDUCTED SU SCEPTIbILITY

POWER LEADS
50KHz to 4OQMH~
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Re p ort No . 2439

TEST EQ U IPMENT

DESCRIPTION MODEL /MEG SERIAL NO. CAL. DATE

SIGNAL GE NERATOR 60618 434-08498 8/75
Hewlett - Pa c kard

SIG NAL GENERATOR 608 He wlett- 202-04499 8/75
Packar d

RE VOLTMETER 91 CA BOO N TON 112 2 3/76
CAPACITOR EM I- F-OO 59 N/A N/A

SANDERS 
V

TEST PROCEDURE

A 1 volt RMS signal was inje cted on the 28VDC high and return
leads o f the power supply. Du ring testing IFO opera tion was moni-
tored for susceptibility i n d i c a t i o n s  b y a visual check of the test
lights. The test setup is shown in Figure 3.

TEST RE SULTS

No li ghts came on during test to indicate malfunc tion. See
data shee t 8.
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APPENDIX D
TEST METHOD CSO6

S P I K E
POWER LEADS
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TEST EQUI PMENT

DESCRI PTION MOD EL /M FG SERIAL NO. CAL.DAT E

S P I K E  G E N E R A T O R  6 4 7 1 - F  1 7 5 3 6  7 / 7 5
SOLAR

OSCILLOSCOPE 541A 022490 10 /75
TEKTRONIX

TEST PROCEDU RE

Positive an d n egative 56 volt 10 ~sec sp ikes were injected on

the p lus 28 vol t power leads. 
V

( a )  Sin g le shots

(b) 6 to 10 PPS

The IFO operation was monito red for susce ptib ili ty indicat i ons by

moni toring indicato r lam ps. The test se t u p is shown i n Figure 4.

TEST RESULTS

No failure lamps came on. See data sheet 9.
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APPEND IX E
TEST MET HOD REO 2
RADIAT ED EMI SSION
14KHz to 10GHz
E L E C T R I C  F I E L D  V
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TEST IM V M [ ~~
VV

_VV_ _ V ~~VV -~ -~

DESCR IPT I ON ~~~ ft~j 1 FG S E R I A L _NO. C~~L . A T L

E~1I M L T E R  EMA 910 1 2 1 - 1 2 1  4/76
EHC V

EMI M E T E R  NF -105 3348  7 / 7 5
EMPIRE

VE RT I C I V L A NTE N NA O DC - 100 BT  137 6 / 7 5

BI C ON CAL AN TE :1NA 7825 N/A N/A V

H O N E Y W E L L

CONE A N T E N N A  9 3 4 9 0 - 1  U/A N/ A
STODDA RT

CONE A N T E N N A  934 91-I N/A N/A
S TO 0 DART

HAND PROBE M P - l 0 5  N/ A. N/A

V E R T I C A L  A N T E N N A  y R - l O S  181 5 / 7 6
EM P1 RE

V E R T I C A L  A N T E N N A  VA-l 0 5 796 8/75
EMPI R E

EM I METER EMA - lO  10342 1 2 / 7 5
F A I R C H I L D

TEST PROC E D U R E

Broadband and nar rowband radiated emission m easurem ents ~ V e r e  
V

perfo rmed from 14KHz to 10GHz. The m easurement antenna was posi-

tioned 1 .0 meter from the test sample. The test setup is s h o w n

in F ig ure 5 .

TEST RESULTS

Broad b an d r a d i a t e d  e m ’ s s i o n s  e x c e e d i n g  REO2 l i m i t s  w e r e
d e t e c t e d  at  l~t K H z , 20KHz and 3 1KHz. W o r s t  c a s e  e m i s s i o n  a t  3 1 R H z  is
12 d B above l im i t .  Na r r o w b a n d  r a d i a t e d  e m i s s i o n s  e x c e e d i n g  REO2
l i m i t s  w e r e  d e t e c t e d  at various f r e q u e n c i e s  bet~V een 25MH z and 284~Thz

The worst case narro wband emission at 25MH z e~ ceeds REO2 l i m i t s  by

21 dB. Transie n t , ra diated emissions e xceeding RE O2 l i m i t s  wer e

detected at 25MHz. The emission leve l was 12dB abo ve l i m i t s  at this
frequ ency. See data sheets 10 thru 13.
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TEST M ETHOD P SO2
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Report No. 2439 
V

TEST L~~U : P V ~ NT

D E S C R I r T I O N  MO DEL/ M FG SERI AL NO. C A L . h / V i L

SPIK E GE NE P~~TOP 6471-5 17536 7/75 
V

SOLAR

V A R I A C  116 N /A N/A
SUPERIO R

TRANSFO RMER N /A N /A N /A

M ETER 25A CC 673 2/76
W E S T O N

TEST P RO CE L U RE

A t e s t  w i r e  c a r r y i n g  100 v o l t  l0~ sec  s p i L e s  w a s  w r a p p e d  a r o u n d
the cas e of I FO mai n tenance V.V~a r rl i ng  u n i t  c r e w  read  out  un i t , a l l

cables and DC power le a ds.

A t e s t  w i r e  c a r r y i n g  20 a m p e r e s  o f  400 Hz c u r r e n t  w a s  w r a p p e d
aroun d same units. The one operation was ron~~tored for susce pti-

b i l i t y  by a vis ua l check of tn e test la m p s .  Tne test setup is

shown in Figur e 6.

TEST RESULTS

No fa i l u re  lam p s ca m e on . See da t a sh ee t 14 .
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~ APPENDIX G
V 

TEST LV IETHOD RSO3
R A D I A T E D  S U S C E P T I B I L I T Y

V ELECTRIC FIELD
V 

14KH z to 10GH z
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Report rIo . 2439

TEST ffl~~~~’~~~~
V V 

~
V

V
T

V 

V

PV E~SV~J±PLI ’TV 
TMo d e I V IMf ~~. Se r ie1~~~~. Cal DaQ

EMI Me ter Ef~A~9)O 121-121 4/76
Singe r V

[MI Meter NF -105 3348 7/ 75
Empire

— Oscillator HP200CD 333-546lR N/A
Hewlett rac kard

Signal Gener~ tcr HP~06 
A 434 U84~~

Hewle tt Packar d 
V

— Power Amp lifier MO100 J52 N/A
Bogen

Power Oscil lator iO4A 32 12/75
Microdot

P~~~r Oscil~ atc r 400A 87 12/7 5
Microdot

Power Osci l1a t~r 125 12510 N/A
Ai rborne Instru. Lab .

Signal Genera tor 6168 259-00099 10/75
Hewlett Packard

Signal Ge ierator C772A 519 2/76 V

Mi crolab

Si~ na1 Generatcr X772A 324 2/76
Microlab

— Vertical Antenna V R 1O5 181 5/76
Emp i re

Vertical An tenna VA-105 79 6 8/ 75

Bicon ical Antenna 7825 N/A N/A
Honeywell

—
~ 

Cone Ante nna 93490-1 N/A N/A
Stcddart

Horn Antenr3 CA-L , S, M~ X N/A N/A
Pc~ar?d V

EMI Meter EFS- 1 26 317 9/ 75
V IFI
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V V

r~e p u r  ~. ~~~J .  ~‘+j :~

TE ST P ROCEDURE

The one system was i mmersed in an electri c field 1OV /M from
14KHz to 35MHz an d 5V /M f rom 35MHz to 1 0GHz. f F0 op e ra ti on was
monitored for s u s c e p t i b i l i t y  by a visual che ck of the test lamps.
Th e tes t se t u p i s sho w n in Figure 7.

TEST RESULTS

No susce p t i b i l i t y  indicati ons were observed. See data
sheet 15 .

k.
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APPENDIX V II

RELIAB iLITY ANALYSIS

Reference: MIL—HDBK—217B 20 September 1974
MIL—STD—756A

Prediction: 355 Hours , mean time bet~ cen failures

I. Enclosures

A. Mathematical model as described in MIL—STD—756A and mathematical V

descri pti on.

B. Failure rate schedules for each drawing number and listing

a. Item Nur~ber
b. Part type or part drawing nu’-~her
c. Quantity of each part r e~~u i r ~~d
d. Part rating V

e. Part stress
f. Part failure rate per 106 hr:rs
g. Total failure rate thr e~~cN it e m
h. Samp le co~’putations

2. Design Prediction Procedure: MIL_ TD_756A , Para grap h 5 .2  V

3. Comp utation Exp lanation :

Fai lures are conside red to be ser ial . If one part ~hould fail , t~ e
whole equipment fails.

MTBF = , where A is the fa i lure ra te of each part.

CCI.! Ambient temperature Is taken to be 95°C

CRU and MWU are taken to be 71.1°C.

Sensors are taken to be 205°C.
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