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8UMM4RY

Ihgine tests were mde using high-resistance ignition ca%le
m air-cooled”flve-cy~ ndor radial auxiliary power plant operated
low mean effectiTe pressure to determine the effects such cable

would hsve on erosfon of spmrk-’pLw electrodes. sTbeIbrief tests
showed that erooion was mduce~ about 73 pvxent when hl@-resi stance
Qnitlon cable was ;Isedin pMce of standard cable on an 9n431ne .

equipped ii& ncmnmels~m sperk plugs and tint the reduction was
apprmdmatehy the EF.ZOwhr.ncpurk pl.ufywith internal red qtors
were us~d uith the sictia~”dc~kle, ‘i!.:9 cm,h:ndtion of lTlgh-
reslstmme cable afi.drew:stor e~E.Tkp+ug ros.;.’.ir=dIn the lowest
rato of eromon, but’the tests wece too llin9iELtlV0 to make pos-
@ble a quantitative evaluatlcm of the ccuribination.,
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. !l%e.we of iL&iesfstancq’ c.bnductoqsin aircraft-enghe
ignltlon able. Is onp meane “ofifitrodncingresistance in series
with the $giiticm.sperk.’The .us,eof lumped resistance at the
epark plug reduces ~hd dwbe.of ordsf:on@ ,wpnrk-~h~ electrodes
(refei*enc91j and B*Y pl~, +corporgtl?g. @m-Ll.rml s%rs for
this ~upose tie.zmy ma~.le-~le. !Nm use of.distrilmted resistance
in the cIA19 cmdactm rqy be exp9ctml to hame a simiar effect
on elcctrciieero~im &idj pusslll.y,ad~antti~oousaffects with
respect to the rg.ductiQnof raidatic.nfrom tA3 Ignition system
ahd the $ttenuatian & vol~e surges in the cable.
. . . . . . .

. As tit of & ‘ities%i~tion d h@h-&esistance cables requested
by the Mr- Technic@. Service.C&m&and, /u’myAlr Fmces ) engine tests
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were made at the Cleveland laboratory of the NACA from Wch to
May 1945 to determine what effect M@-resistance cables would have
on the erosicm of qark-plug electrodes and are intended to show:
(1) the decrease in erosion when h@h-residance cable is used in
place of standard cable on an englnp with nonresistor spark plugs;
end (2) a comparison of the erosion obtainsd with high-resistance
cable to that obtained tith a resistor spark plug. An attempt was
made to evaluate the additional reduction in eroa~.onob&ained when
IMgh-resistance cable was used in place of standard cable on a resists
spark plu&

APPARATUSm ERa2EDuRE

The effects cm erosion of cable resistance and spark-plug
resistance used either singly or in combination were Investigated
by means of 50-hour en@ne tests of each arrangement of resistance .
Erosion rates were determined by feeler gages at 10-hour intervals
during the tests end were camparad with erosion rates for spark
plugs operated with no series resistance. A 12-hour break-in run
was made before each test to wear off any rough points on the
electrodes,

The englns used for this series at tests was an auxiliary power
plant, which is shown in figure 1. It is a 37-horsepower, air-cocled,
five-cyl.hder radial engine.operating a 30-volt, direct-current gener-
ator for supplying electrical power. The untt has the followlng speci-
fications:

Displacement, cubic inches . . . . . . . . . . . . . . . . ...75
‘Caqpresslonratio oo . . . . . . . . . . . . . . . . . . .. 9:1
Normal operating speed, rpm . . . . . . . . . . . . . . 4000%00
Mlmum continuous generator output, kilowatts . . . . . . . . . 8
Ignition . . . . . . . . . . . . . . . . . . . . . . .. O. Dual
Type ofmagnstos . . . . ..o ... . . . . . .. Scintilh SF5RNl2
S~ktimlng, deg B.T.C.. . . . . . . . . . . . . . . . . ...28

THe ener~ output of the magnetos as shown by loading tests was as
great as that of magnetos used on large atrcraft engines.

The tests were run under the following conditions:

Spesd, rpm . . . . . . ..o . . . . . . . . . . . . . . . .. 3400
Spark-plug (bottcunrow) gasket temperature, W . . . . . . . . 300
~tarou@ut, kibwatts. . . . . . . . . . . . . . . . . 6.5
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The fuel was AN-R-28, Amendment-2j containing 4.52 til-
llMtera per”gallon of tetraethyl.lead. The “sparkplugs were
C35S:(nonresZ&tti) and‘R035S-(resistorjwith-t@ee .&-the four
ground electrode cut off to ._te erbblon at the reminlng
.sledtrode. These s~k plugs were used bgmauss it was desiratAe
--to.obtain d@a on a tfie of spsrk plug”that cauu be..euppliedboth
wit@ut d with an Ih.temal.resistor. The resistance of a’spqrk.
pzl~ .tithan interiialresistor vas found to ~ with tempematium
apd.is shown as a f umtlon of temperatq In f Igure. 2. The tilue
Is a~oxlmate~ 1000 ohms at room tempematuzw..Brass epac6rs
were used wfth the ey?k plugs because the engine was designed”

. fop ShOITt-Zmw3h spark phl@ll. In order to”avoid excessive erosion
by oombustlon+amber gaseB, which might hav’enmsked electrical
effects, the engl’riewae opemted at a power”level that resulted
.In a moderate.cen%er-electrodetemperature (00@ - 900° F).

. .
.

The Ignition oabloq were efther standard “orhigh-resistance
cable,s,depending on the test, and were shielded by mptal braid.
The high-r~istauce cable u~ed h this Investlgatlon has a double
spiral of fine resistance wire .8s the conductor. Constants for
the two oables were as folluws:

.. Cable “” Ian@h. Capacltapce Reslstance.-.
-. (ft) (y@) (ohms)

. Standard “ .7.5 190: Negligible
Re=lstance “ 5.5 . . . 190 “ 925. . ...-

Aa the oapaoitance .kas..ludgedto be a large factor In’erosion, the
oa~citances of the two oablee were made the same. The standard
cable was somewhat longer than the high-realstance oable beoause
lt had a lower oapacltance per unit length. “ . -.

Cables and ~.k plugs were Installed in accordame with .
tab~q I for the various -testruns. “ “ “ “m‘““ .“

.,
. . .

‘-RESULTSAK& DISC&310N’ - “ .. .“..

The r&sults of the three runs are shown in figure 3 in whloh
the Increase in electrode spaalng is plotted KS a function of length
of run. Test Z(b) was ~de under the same conditions as test l(a)
and As not plotte&. The points wera determined from an average of
the five spark plugs in.the different cylinders. O.~aslonally, a “
spark plug would fotil”to the po$nt where it would not fire beoause

...-
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of carlYQI desposits. In such cases,
rate of erosion for the fouled spark
..theaverage rate for the othsr spark

MAcAM No. m121

the asmqption was m3de that the
plug wouldhave been equalto
plugsduringthat 10-hourperhd

If the fo&d spark plug had continued ~ fire d~ing the entire run.
TIM fouled spark plug was chaned at the end of the 10-hour period
d the test continued. Tlw two uppercurves(stadmd cablesand
nomeslstor spark plugs) show the greatest erosion and Indicate that
the ~rosion rates at the top and bottcm rows were approximately aqual;
sllghtly more erosion occurred in the bottom-row spark plugs. The
standard cable with the resistor spark plug and the high-resistance
cable with the nonresistor spark plug both shuued reduced, and.:approrl-
.mately the same erosion. !Cbehigh-resistance cable in ccunbhation
with the resistor spark plug showed the smallest eros@n altiough,
as till.be shown, the magaltude of the probable errcnw made the amount
of reduction cd?erosion difficult to evaluate with precision.

At the conclusion & the tests the fcullng wae investigated.
The spark plg tn the bottmn row, which used Mgh-resistance cable
in tests 2 and 3, had shown a tendency to foul al.tihou@the fouling
ocourred only occaainnally @ then In never more than one spark
plug at any one time. For this reason various ~nts Of
wibles and spark plg were tried In the two ruue. Tests showed
that no fouling occurred with standard cables and nozresistor spark
plugs but that the introduction of series resistance, either by
~ of resietm spark plugs, high-resistance cables, or bothg
resulted In OCCIMiMWI fouli~ In the bottom row, Because the
occurrence of foull~ iE an erratic phenomenon, the results al?these
brief tests can be taken merely as an indication that the effects of
series resie~e ~ spark-plug fouling may require lnvestl@tion,

I+smuch as the resistance of a resistor spark plug changes
with teaqperature~ att~t was made to determine the approximate
reslsfiance of the resistor spark plug during the engins tests. At
a lxnqerature ti 3000 F, such as was estimated for the operating tem-
perature of the resistor, the resistance would be about 700 ohs.
(See fig. 2.) Thio value is somewhat lower than the 925-ohm value
of the high-resls~e cables. The tests reported in reference 1
indicate, however, -t e~si~ iS not mxtzwmely sensitive to the
Il18@ltudq af the ZWSIStanCei In the neighborhood of 1000 olmls.

Zhblo I shows the results af computations made h determine
the amount cd’reductl~ in erosion of the various t9sts. The lUe811
SrOSiOn rate was determined by applying the nmthd of least sqU8r0s
~ the assmqptfom that the maan rate was constant throughout each
test. ~ the use of the tiues obtained, the matio of the erosion

I



qAo.Am No. E121
. .

. “ ,..
1- 1 .,..

. .

With Y?esldance to
sad resultg of the

the erosion without reelatance waa determined
same row were ccmrpered. In the determination
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of
-, . the probibieerrors,ti obsemvaticnr‘&?r~ of OS mll WEtS..8SSUIi@t

~ ;-*F. ;. . “ @.2B .waJue is canelstant with the observed scatter of the meas&e- “
“”molds.. lkbkl“I.shows that either the M@-resistance cable or the
resistor”e’gArk,plugs “deduced.?~osionby approximately 70 percent.
The ma@tudes d ‘tiei$robable errors are such that little s@nlfl-
cance can be attached-toIthp cwdderably Iemger reducticm im
erosicm indicated by test 3(b)-when the.rqsis~e cable.~ reals=
tor sperk plugs were used in ccmblnatibxi. . “, .

h the interpretation of the results of the erosion tests, .
account must be taken of the fact that the standard - resistance
cablee were canpared on the basis of equal capacitances and not on
the basis of equal len@hs. Thus, the results do not apply to the
practical case of substitution of high-resistance cable for standemd
cable In an ignition harness but rather to the idealized case of
replacement of the standard cable by a theoretical resistance cable
having a capacitance per unit length equal to that of the standard
cable.

SUMMARY QF RPwL!ca

Sperk-plug-electrodeerosion tests were made at low mean
effective presarre on an air-cooled, fIve-cyllnder radial aux-
tllery power plant to caupare the reductim in erosion resulting
from the use of M@-resistance ignition cable with that resulting
frcm the we of resistor spark plugs and standard i~tlon cable.
The results of the comparisons, which were made on the basis of
equal cable capacitances rather than equal cable lengths, were as
follows:

1. The high-resistance cables reduced eroslau 70 percent when
used in placeof standardcables on nonreslstor spark plugs.

2. Resistor spark plugs reduced erosia to approximately the
same amount as did the high-resistance cables.

3. The ccmkdnation of high-resistance cables and resistcm
spark plugs resulted h the lowest rate of erosion, but the tests
were too insensitive to make possible a quantitative evaluatlm
& the combination.

Aircraft En@ne Research Laboratory,
NationalMvismy Ccmnlttee for Aercmiutics,

Cleveland, Ohio, Septedmr 21, 1945.
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of
the probableerrors,an observation‘6rrmof 0.5 IUI1was assumed.

r “. ‘‘!I?MsvalueiEIcondshnt with the observedscatterof the measure-.,
“ mentp. Table1.shows that either the high-resistance cable or the
resistor”epaalL,plugsreduced erosion by appraimately 70 percent.
W magnitudesd “% pr@able erroreare suchthatlittlesl@fi-
cencecanbe attached-to,the c“tiiderably-lcmgerreductionIn
erosionIndicatedby test 3(b)-when the resistqqcecable.@ reds=
tcm sparkplugswere used in ccmblnatiod. . “, .

Ih the Interpretationof the resultsof the erosiontests,
accountmust be takenof the faot that the standardd resistance
cableswere comparedcm the basis of equal capacitances M not on
the basis of equal lengths. Thus, the results aO not apply to the
practical case of substitution of high-resistance cable for standard
mble In an Ignltian harness but rather to the ia~zed case M
replacement of the standard cable by a thecmetlcal resistance cable
having ~ capacitance per unit length equal to that of the standard

SuMMmiall’mmms

zk-plug-electrcde erosia tests were made at low mean
effect~ve *es-&me on an alr-cocled, five-cyl~w radial aux-
illary power plant to ccaqpsrethe reduction in erosion resultlng
frcm the use of high-resistance lgnltion cable with that resulting
frcunthe use of resistor spark plugs and standard ignition cable.
The results @ the caqeriscms, which were made on the basis &
equal cable capacitances rather than equal cable lengths, were as
fcl.lolre:

1. The high-resistance cables reduced erosia 70 percent when
used In place of standard cables on nonresistcr spark plugs.

2. Resistm spark plugs reduced qosion to approximately the
same amount as did the M@-resistance cables.

3. The ccanbl&tion of hl@-resistance cables and resistor -
spau?lcplugs resulted in the lowest rata of erosim, but the tests
were too Insensitiveto nmke possiblea quantitativeevaluatlan
of the Ccnibination.

AircraftEcglneResearch Iabmtory,
Wtlcmal Advisory Ccmmlttee for Aeronautics,

Clevelad, OhlO, *ptember 21, 1945.
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E
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l(a)

l(b)

2(a)

2(b)

3(Eb)

3(b)

Top Wandard Nonreslstor

Bottom ---do----- ---do--’---
i
---aO----- ---aO------m -

Bottom Resistame ---so------

Top stan&rd Resistor

IBottomReslstanm ---do ------ I

Cl.161

.171

.158

.051

.045

.030

Test Row ~Typecsf me of Mean ero-
oable spark plW slon =to “

l!hmsiontithresistance

!
(~ls~) Ih’Osiuwlthout resistance

2(b)/l(b)= 0.30

3(a)/l(&)= .28

3(b)/l(b)= .18

National Mvlaory Comlttee
for Aero~utlcs

.
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Figure i. - Air-cooled, five-cylinder radial auxiliary power
unshielded ignition cables. “
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Figure 2. - Effect of temperature on resistance of resistor in resistor
spark plug. Spark plug heated in oven; resistance measurements
made with Wheatstone bridge.
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Figure 3. - Increase in electrode gap with time for various combina-

tions of cables and spark plugs. Air-cool ed, five-cyiinder radial

auxi Iiary power plant; engine speed, 3400 rpm; generator power output,

6.5 kilowatts; fuel, AN-F-28, Amendment-2, with 4.52 miiiliiters

tetraethyl lead per gallon; three ground electrodes removed from

spark plugs; capacitance of ignition cables, 190 p+lf; resistance

of high resistance cables, 925 ohms.
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