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SUVNARY

1 elactriecal-relay eircuit that uses cylinder thermecourles
&3 the priwary element fer indicating preigniticn or misfiring in
an alreraft enpine in descridbeds In its present form the indicater
i used cn A lZ-cylinder liquid-cocled ergine mcunied cn a dyna-

meter stand, but the circuit prirceiple is equally aprlicakle to
ary ergire.

r. the test engine trne indicater gave warning, by means of a
system of panel lights, when any cylinder varied more than 3L€ i en
either side of its ncrmal cperating temperature. 1t also indicated
which cylinder was malfunctioning and whether the cylinder was tao

or toc 1d.

course of tests cenducted at the CA Cleveland labe-

T ietermiratisn of the knrck-limited pover of aireraflt

t hiph outputs, it was necessary to insur» against engire

r lting frem preigniticn. fngine failure from preignitien

cularly insidious becauss it can occur in a few seconds with

1

r no marning. r Lhis reascn, the rrimary requisitea of a
1 preignition indicater ar short resnense time and ti

F tive indication of preipnition. @ ultirate
1

nt for experimental flight test at is lignt,
12,

re—actuated knockedetection equipment has beer 1 by

i Air Lines and Starndard Oil Cempany cf California to indi-
existence of preignition, Lut the installation of kneck
rejquires ccrsiderable enpine modification ard with liguid-
ngines this modificaticn is genmerally impracticable,
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L rreignition indicator that uses thermocouples fcr the pri-
mary element was tested on a single-cylinder Allison ergine and a
12-cylinder 7-1710 Allison engine mounted on a dynamometer stand.
This indicator, which prevented damage to the 12-cylinder engine
by consistently givirg raliable warning of preignition, is des-
crited in this report.

CPRRATLHG TRIICIPLE

hat proignition leads to a general rise in cylindsr tempera-
tuare i3 aell kmioen. For pood s=usitivity, thercfore, a control
poiat for tharmocouple installation should be chosen that responds
rapidly to this temperature rise. Kecause of cylinder shape sore
locations are inaccessible; a control point was seiected, howsver,
between the two exhaust-valys seats of the single-—cylinder test
engine and a tharmocoaple was inctalled to check Lts temperature
resporise. (Cee fig. 1.)

In these tests, preignition was induced by a hot spark plug.
liabia indiciaticn of the start cf preignition was ootained with
2oalectric prossure pickup and an oscilloscop» by observing
herizontal shift in the prassure tracc. In order to chuck the
onse, praigaition was induced at a vartsty of engino couditioass
fusl-air ratio was variad from 0.3 to 0,109, tha brake mean
ctive prassure was varisd from 124 to 311 pounds per square lnch,
tt ngine speed was varied from 1630 to 3000 rpm. Under every
of condition, the cyiinder<head temperaturi began to rlse with
or t { prejgaition.

Mothods of Indicating Preignition

In the utilization of th: temnerature rise for indicating pre-
iznition, an instramnnt can operate 2itheor on the rate of tempurature
ri or on the total increase in temperature abhove the normul te =
perature for tha given =ngin: conditions. The utilization of the
rate of temperatura r 14 rejuire vacuum tubes and, sven i the
simplest vacuur=t 2ircul ] ised to pretect a given cylinder,

a circait th the rajuired rectifler power suoplies o accommodate
ach ¢ wier of n malticylinder engine would reswlt in a complicated,
avy instrument. he use of the rate of temperaturs rise was there-

fere abasdened in favor of a sensitive moving~cotl circuit that can

oparate on the tctal temparature increase.

- The use of the total incr2as2? in tomperaturs as an indication
ef prajpaition vas first chockod on the 12-cylinder test engine with
an lrn tor emplceying light=beum gaivanomatera. The vnltage for
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o each gaivanometer cams from the differantially connected thermo-
‘#, coupics of a pair of cylindars; thus, & galvanometars protected

gy 12 cylinders. The system functionad satisfactorily but the chief
- disadvantage was that, whan the first cylinder of a pair was colder
than nermal because of misfiring, it nevertheless gave the identical

iidication that the second ¢ylindsr of the pair gave if the sscond
o cylinder was hetter than normal. Also, in this circuit, indication
S e wis not automatic and an observar was required to keep constant

watch daring tests. Negligence on the part of the observer for only
a few szcomxls cculd hs sufficient to aliow engino faiiure.

Thecry of Opsration of Sansitive Moving-Coll Circuit

. In the indicater that was davelopad to provide a more noarly
automuatic system, three cylimlers function as a unit. If the temper-
. ature of one of the tarce cylindors is appreciably iower or higher

than the other two, the indicator wiil pgivo a warning. The circuit

utilizes the Sensitrcl relay manufactured by the Weston Elcctrical

Instrumont Corperation. Thiz r:lay is essentialiy a combination

millivcltmeter and rolay and, as shown by the simplified circuit dia-

g gram of figurs 2, the deflucting-coil woltape of 2ach Sensitrol relay
is obtained from two ditferentially comnzcted thurmocouples.

Q,% '\.

With the relays comnectad az shown in fisura 2, if one cylinder

is hottar than the other two in a group, t inters of two relays
will deflect toward each oth=r; similarly, if one cylinder is colder

\ than the othsr two, the pointers of t relays will defiect away frem
ach other. Furthermore, the combination of deflzctions caused vy a
iven kot or ccld cyilinder 18 unique.

As an uxampie, assume cylinder 3 praignites amd is thersfore
hotter than cylinders 1 and 2. (S2¢ fig. 2.) Current will fiow from
criinder 3 to cylindsr 2, through the duflecting coil of relay B, and
back to eylind:or 3. Another current will fiow from cylinder 3 to
svlinder 1, through the coll of relay C, and back to cylinder 3. The

intur wiil deficet eway from tne terminal through which the current

t tha rulay by choosing ths corract relative dirsctions of
df ting-coil winding and pormansnt megnot £is2d of the Sensitrol
r o Tf this assumption is mads, tha pointirs of ralays B and C
i ct, torard oach cother and contacts 1 and ) on relay P and 1

n r-lay C wiil be connected. This comnection is urnique; ro
thor hov or coid eylindsr will set up this combination. It is there-

A for ', i Lo connzct warning circuits that will indicate any hot
er ¢oil eyiiniar,

19 be point+d out, howewer, that a false maraing will be
gLver t { the thes

cylinders in any sot ehoaid simultancously
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proignite, For instunce, if cylinders 1 and 2 prelpgnite, the indl-
cator wxill show misfiring lr cylinder 3. The possibiiity of the
currance of this condition ls considarad to be remote. A condition
mere likely io occur is simultaneous misfirlng in teo cylinders; the
indicator will then erronsously indicaie vreignition in the third

cylinder,

By the method of connzeticn showm in figure 2, iwn linmits are
3ol on cylinder operation with a single rolay for each cylinder.
s1iSe twe or more preliays are resuired with rore conventional methodls,
the pancl is greatly simnlified snd materiuslly reduaced in weight by
this method of conpeciinn.

T OF PRICIGHITION INDICATOR
ription of Relay

ible t btain Sensitrol relays with waiious
leseription tnat follows will necessarily be limited
us2d in the lndicator. '1he ralay constructlon is such
indicating poinier clcses an alecirlcal couniact at either
g or a decieasing value of laput voliage. Posiilva con-
or jei a cnattering bet contacis is eliminat» in
by two smal t mignets ihut serve as the
il lron rider tha pointar 1t serves as
nisitrol is a cking-iype rcluy and a
rovid for disengaging the pointer from
1netic ¢ ; then sufi’icient input voltaze has been

1, the deflect A nointer plucas tho iron rlder within

rol tox a field of ¢t fixnd contact, wilc
oirter through the rost of the distw and ac iis

LS C

attracts
eg contacl.

Indicater Circuit

rcult used in tha indicator complet it arning
in fipure % for a sat of thr nsitrol relays.
reult will nccommodate any engino having an L ral miltinle
re oylindersy four such circuits were used the L2=cylinder
test cngines Tinen cylinder 3 is predgnitlng unider th: conditions of
the erumele previounly describad, the YS—volt pow:r supnly will
rplzs Lhe relay 2N through tha Sénsitrols B and C ant a werning
Liznt, controlled by ralay 38, will indicate that cilinder 3 is hot.
Figurs L is a photograph uf the pauel used with the l2-crlimier “ost
notpe installation and snows tie warnine lichte and the Sensitrcl
relay dials. s

%
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The warning lights were operated through intermediate relayvs
b2causs the Sengiirol relay contacts are limited to S watts at
110 volts. (Ses fige 3.) Each intermadiale relay is a double-pole
midget relay,which has a rating of 30 milliamperes at 115 volts a=~c.
but which will operate reliuvly at 30 volts. Only one pole is
rajiired for the light-warning circuit; the other pole may be used
to operate & buzzar or soma other supplementary warning device.

The three—phaso powsr supply for the sarning clrcuit was
cbtalned from a 110-volt single-phase aource. (See tigs. 5 and 6.)
The primary of an isolation transtorumer of 1il ratio wac connucted
tc the 110-70lt source. The twc identical 110-wvolt secondaries
formod a three-phase open-delta system when counected to suitable
valu o' ragistance, iniuctance, and capacitance. Ipace was saved
by uslng the primary of the saining-light trassformer for the
inductunce L. “he corrsct inductance was obtained by restacking
the transfermer core and leaving a small alr gap.

Calibration

banch test was made in which an actual engins indicator ws
similated by cronnecting alusiunam-constantan thermocouples to the

rusitrol relays as shewn in Digure n orier to daternine the tem-
peratur Lffersniial required Lo operate tne Jensitrels. Aluminum
ire r r than aluminug alloy was uszl dbecailse no material having
t cition of t tast cylinler a1 was avallable. Another
rpos X this test s t nstrate that the temperatar iffer-
rtlals required to operate t Sersitrol reluys are substantinlly
anaftected oy ass wire because, in the esngino installation
rited later in th2 report, briss wire is essentially in parallel

ith the alwiinum-zllyy legs of the thermocouples. Tho test msults
shown tabie 1 wara obts 1 by diffecentially heating three
Al ~censtantan couple 1038 Junctions were jolned with brass

re in cno instance but not in the otherj the results prove thd
th Lr are unaffactad by the brass wirc.

-T_ couplas without [Thermocounles with
Hp ) traes wire trass wire
Ny Cold tiot Cold
R o () (°F) (°F)
I: 32.¢ 27.0 31.5
2 5248 27.0 30.5 2743
i i 740 23.0 30.6 29.0

e il o i

bt il ] Maad

)
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The indicator was partly recalibrated after it was irstalled
on the 1%-cylinder test engine by injecting water into individual
cylindars. The drop in teur\orat.u.re rejuired to operate the indi-
cator ranged froa 2)° F to 3.° ? and closely checked the valuss of
tuble 1. 7The temperature €rop required fer a hot—cylinder condition
(simulated by tha simuitancous lnjection of water to the other two
cylinders cf a set) checked within 2° F the values praviously faund
for the same cylinder.

Although it requires approsimately L seconds for the Sensitrol
relays to make contiact after applicaticn of 150 percent of full-
scale veltuge, the speed of response is adejuate. Unpublished data
frem the singla-cylinder engine used in the preliminary t.est.s shoa
that the rise in cylinder-head temperature ranged from 3. SO F to
3.2 F per sacond. 1f the temperature respornse was at the lowest
rate of 3,50 F per secord, Lt would rejuire approximately 10 seconds
to reach the tripping temperature of the Censitrol relay. The lower
rates of temperature rise are, hoxaver, at the less severe engine
condltinns (low engine speed or low bmap). In one test on the single=
cylinder engine, preignition was allowed to continue for 1l.1 seconds,
diring vhich the teuwsarature rose 52° ¥, al fairly severe engine con—
ditions (engine spasd, 2500 rpmsy baep, 293 1b/s3 in.); no engine
damage occurred.

Thermocourle Installation

n a current test installation on the 12=cylinder engine, iren=-

constantan thermocouples located as snv'm in figurs 1 are used in

njurction with a petentiometer to measure cylinder=head tempera-
tures. The 12 constantan wires of thls system ure used for the
preignition irndicator to form a thermoccuple system of constanian-
ailuminum—aliloy couples having the aluminum-alloy sides common.
(See fige 2.) The potentiometer-thermccouple system has a Jjunctien
box neur the ergine and copper wires instead of constantan wires are
connected from this box to the weignition indicator in orider to
redace the reslstunce of the indicater—~thermocouple circuits. The
thercal voltages are not altered by thls arrangament. For the voltago
t the Lensitrol relays to be approximately egqial to the generated
thermocoupie voltages, the resistance of the exiernal tharmocounle
ireuit should be below 2.5 olims, or about 5 percent of the S0-ohm
resiotance of the Sensitrol deflecting coll.

Thermocouple installiations must be carafuily made because an
inoroper or caraless installation can cause much trouble in the indi-
citer operations The ‘circults are undisturbed bec.use
the iron-constantan ﬂ!rhi ! !n].dtd togethar. Peening the




iren—constantan thermocouplas directly into holes in the cylinder
heal was nunsatistactery fer the indicator because vibration eften
caused hipgh-reslstance cr open connections between the aluzlnune
alloy head and the embedded thermocouple at these points. These
high-resistance cr open connsctions elten caused false indications
af preiynition to appear on the warning system using the light-beam
ralvanometers; however, this trouble was eliminated by silver-
solderine the iren and constantan wires to small brass plugs, which
wera then peenad into heles in the cylinder heads. Satisfactory
operaticn was alse obtained by snother installaticn in which the
rlugs were intercennected with ordinary brass safety wire to further
insure 4 cemplete thermoconnle circuit. Although brass and aluminum
"ave approrimately equal thermoeolectric powers, inasmuch as the cyl-
inder leadi is made of aluminum alloy, it may be necessary in some
installations to select a brass wire of suaitable composition.

Becauase the normal operating temperitures of all cylinders are
"

«8 running norzally. In extreme cases ef wvarying cylinder temperu-
turas, it may bo necessary to groun s:lactively the thermocouples to
intercennect cylinders having similar oporazting temporatures. Tho

asibility of high electrical-resistancc connections and spurlous
4 4

thermocouples from beth olocks of a Vetype Liguideccoled engine and
such a connaction should be avoided if possible.

indicator was extremely useful in locating misfiring spark
rticularly when tha 12-cyiinder engine was opsrating with
sod exhaust systome When oither side of the dual igrition was
1 off during a magnecto check, a cylinder containing a

3 s indicated as biing cold.

\1t zh the indicator was tessted rn only a lijuid-cocled englr
L ¢4 used an an air-cooled angi if a sufficliently responsive

o nstallatien can be mada. It is believed that a thermo-
th~ t erarura near t xhaust—-valve scat

e

tor en 2 lli~cylinder en s ¢
roqul T f three cylinders for installaticn of
the i r 1 imulatsd by installing two thormocouples on
P

not exactly the same in the 12-¢rlindsr test engine, it was neocessary
resot the zero adjustment of each Senslitrol relay after the engine

wrmoelectric voltages mukes {t inadvisutle, however, to interconnect

sl iring

Y
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SUITARY OF RESULTS

In eash instance during a series of preigniticn tesis on the
12-cylirder test engine, thre indicator designated the preigniting
vlinder relie®ly and quickly. In mary ~f the runs, after the pre-
1gaiting cylinder had been Aesipnated by the indicater, the indi-~
cation was cheeked bty ncting the rapid rise of the cylinder-head
Lesrerature with a self-balancing pctentiometer,

Bacause the 12-cylinder ergine did not rave a ronstant-speed
rentrol, praignitisn wmas jetected bty a drop in engine speed. Cars
is necessary, however, to distinguish a normal drop in speed,

raurring from a change in engine conditicns, from the drep in speed
caused by preipgnitiens

Aireraft Engire Fesearch naheratery,
Natienal Advisery Comrittee for hererautics,
Cleveland, Jrio.
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Cylinders

Aluminum alioy

@/ sensitrol

1
1
|
|
|
1
|
|
|
1
|
1
|
|
1
I
1
1

Sensitrol
relay C

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 2. - simpiitied circuit diagrom of preignition indi-
cator.
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Ihersocospies to cylinders

1 2 3

Junction box

.Il'l:s Itrol deflecting
I

” ﬂ/—% _—Solenold colt

| Sensitrol
110 volts o-c. relay 8

Adll reser soleroia
colls commected in
poraliel

95 volts

Relay IN

Sensitrol Sensitrol
relay A relay ¢

NATIONAL ADVISORY
COMMITTEE FOR ALRONAUTICS

Flgure 3. - Actwal diagram of preignition indicator.
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110 volts o-¢ 85 volts a-¢
single phose three phase

R, Ry 183 ohes

] 84 henr,

4 8.4 sicroterod

L4 1:1 retio 130lation tronsforser
wIth two secondary windings

Figure 5. - Power supply for preigaition Indicator.

I, =I;= .3 enpere

NAT IONAL ADVISORY
COMNTTEE FOR ATRONAUTIC

Figure 8. ~ Vector diogroa for power suppiy.
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