Two Stroke TUNER’s HANDBOOK

at that specd, mudimumn piston acceleration will be {with the answer rounded
off by oy slide rule; T too Jazy 1o do it all with paper and pencil) no less
thar 135,000 ftfeec?, Now if you will recall for 2 mement thit the accelaration
of gravity is only 32 tfsec’, it will be clear that the load on the Yamuha's
pistoms —and thus on its dogs—is very high indeed. But is the loading hizh
enough to make the Yamaha's rings flutter? (Vhviously, it is not, as the engine
remaing not only reliable but chsp in eomparatively long races. The limit, for
the T2 cugine, is slightly higher than 135000 ft/sec? — but not much higher,
an you will see in the followring tahle listing ring thicknesses and the accclera-
tinse at which they begin to flutter,
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’i‘]:_e Yaruaha, with vings having a thickness af 1rmm, or {3%inch, and =
rraatpiim piston acceleration ol 195,000 Tefsee? ar 1100 rpm, wonlil seem b
b wperating very near the Jimit—as fnedecd it is. But it probubly is not guite
as ear the limit as e numbers suggest, For o racing ring {with its exaggeratod
thicknessAwidth cross-seetional aspect ) 1s sprmewhat less subject to Butter than
w ring made [or application in 2 turing cogine. SHI, the numhers given are
fairly clost for Tings with normal-ringe propoctions, and if wous have an engine
with rings for which Qutler is predicted at S0.000 {r/se’ and inlend wsing
crankshafl speeds that would raise mactimum piston acceleration to somckhing
e like 100,000 [t/zec®, then strongly urge you to fit new pistons with
thinner rings. Yoo may interpolale hetwesn the Rgures given to find the gafo
aceclestion levels for ring thickaesses aot listed.

‘There are piston tings that resist very stromgly piston accelemiion’s effarts
oward making them Autier. The best knewn of these is the Dykes-putlern
ring, which has an L-shaped cross-scotion amd fits into a similarly-shaped
arowve in the piston. The Dykes ring is miade Dubler-resistant by the fact that
its horizontal leg fits quite closely in s groove, as eompared to clegranees
aeound the vertical leg, and thercfure even il acceleration lifts the ring it
canmot lift high enough to close oft the pressaee Tehind the ring's vertical leg.
In consequence, the ving's sealing abilities are nmintained at sccelerations
that would be the undoing of rings in the comventional rectangular-sectinn
pattern. However, the Dykes ring's abilily to maintain i seal does not free it
of all the vnpleasantoess attendding tox-high piston acceleration: while it mmy
ceal under those conditions, it i3 still being rattled absout vigirensly and if the
mitling exntinues Jong cnough, the Dykes ring, atrl the groove trying [0
restrain it, hoth hecome badly battored. At that point, its ability to seal

FUNDAMENTALS

Toyhoes- pesthorm rings are suhject the elfests af piston sroeleratinn, "0, Tul
g prosmure i maimtaioed hehicnd iz ting becanss ies horizemtal leg liméts its
vertizal teavel

vanishes and mechanieal failure of the ring. piston, or bath, follgows very
closely, Bultaco lms long used Dykes-galtern mings, as have cerlain others,
but mest manufactorers prefer rings that do nol cequire such carcful sl
intricate machining. There are other Tuller-resistant fngs, e many exoel-
lentl reasons for wainn rings of conventinnal cenliguration, hat these details
are discussed elsewhery in this book and in greater depth than would be
appropriate here.

After estallishing all these mechanical limits, with re gard to piston speed
and acceleration, snd after deciding how much power youL are likely to get
from a pariicular enging, you should sulject the cugine toa complete survey.
This would include the measuring of port hrighbts and widths, combustion
chamber snd crankease volumes, and charting piston travel against ceank
rotation. This last effart may at Gt seen rather pointless, hut a5 your work
progresses you will find that the chart, wrhich will show almost bul not guits
2 sine curve, provides an instant readout Letwecn degrees st the crankshalt
and the position of the piston from top center that is most nsehil. It will tell
you, for example, how much to raise the top edse of an eabaust port b make
a given change in Himing, and how muoch to trim from the piston shivl [ina
pisten-port engine) o gel the intake period von want —or think yvou want.
The chart wlso will provide you with all the seen porl-npen paoints, and it will
provide an exceedingly useful relationship between ignition liming cxpressad
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in degrees =nd in piston travel from top center. You muy devise your own
methods for deviving all this information according to wour preference and
respurces; I have explanad my cwn technigues elsewhere in this text, i the
approprisbe chapters,

An itemn that must he included in any discussion of the two-stroke cycle
enping’s basics is general gas dynamics. Yo can et infurmation on the enhject
at your local Thrary, but the applicable particulars are likely to be widely
seattercd there, so T will cover the mbject in briel here, The manner in which
what follows applies at speeific points (hramghout the engine and its relaved
plurihing will he covered later, but yon should koow a Few of the funda-
mentals now, and thus save me Trom becnming unneeessarily repetitions Tater,

One thing you must know, for example, s that the air moving through the
eriging, & mixture of gases, las maty ol the properties of a fluid. Ik even bsas
the ability to “wet” a surfuce, and bas viscosity, wiich muans that air will
cling to all surfaces within an enine i a laver thut moves hardly ot all ne
matter what the midsiveam velocity may be. This bowndury buper's depth is
infuenced by s temnperature, and by the temperitire of the surlace on
which it farms, as well as by the shupe of the surface, Plonse understand that
the Jayer is uod solid; it is *chearing” with general How throughont its dlepth —
whicl may be as much s 100-jnch— with musemet incrcusing as to distance
from the sarface on which it is formed. And as elose as 020-inch from the
surface, Bow may st be in the order of 50-percent of that in midstream, which
means that the restriction formed by the boundany layer is nol very great.
Monetheles, it is there, and it accounts for such things as v ports having
Joss vesiskance to Row than square ports, area for avea, and for the ability of
o single port to match the flow of a puir of ports of somewhal larper arca.
1t aikso noconnts for the tact that How resistance SCreass in direct proportion
with the Jength of 2 port, and much of the resistance resulting from the shape
of a perticular parl is due ta that shupe's creating a thick huundary layer,
which heoomes literally a plug inside the port.

Gencrally speaking, boimdary layers will be held to minimum depth on
curfaces that “rise” {relative to the dircction of Hew § amd) gain in thickness on
any surface that falls away. Thos, an imtake trampet, fur example, should be
tapered in slightly from the inlet cnd to the earburetor — by perhaps 23
degrecs — in the intercst of holding boundary Tayer thickness Lo a TRind .
In that confipuration, it will have appreciably less resislance 1o Aoy than a
straieht, parallel-wall tube. Similarly, transfer ports should diminish in cross-
sectional arca from their entrance in the cronkease foward their outlst in the
cylinder.

Thess gases also have inestia: onee cet in modion they tend o remein in
meotion: when at rest they resist ol efforts to et them moving, In practice,
this neans that there ulways is o lag betwaen the intake ports opeiing amvl
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the moversent of air in the intake tract. Fortunately, this lag ean be amply
compensated loward the end of the intake period, when the pressure inside
Hhe crankense has risen to a level that should push part of the charge back out
the port—bul cannot becunse of the effect of inertia on the incoming gkses.
Inertia wlso has its effect on the flow of gases through the trunsfer pocts and
out the exhanst system, but Twill deal with that while treating those subjects
separabely.

These inertia elects are nseful, but dilicult to manage a8 something apart
fromn otlser processes ovcuming as the engine mns, For example, intake bract
Tempgth wsually is estahlished more with an eve toward resoniness tlham duertia,
and its diameter set by the dow rate required by the carhuretor to meter
propurly _halaneed againg: the resistance that attends high gns velocities.
Therefore, virtually the only thing we can do aboul ingrti elfects is bo attempl
1o Fincd the intake tirning tha! will make maxinum wse of those provided by an
intake svslem proportioned aosthy be suit other requircments.

Lesonances are anather matter, Sound waves weill travel through any
lassic medinm, such as air and in their pussage they pull together or force
apart melecules, just us the similar coergy waves travelling through thy seean
pull the water futa penks ard troughs an its curlzce. And, 25 in the ocean, the
waves move steadily cnward away [rom their source [sat the Eransmilling
nadinm does not. Take, for example, the activily surmounding @ gimgly Com-
densation, 0T posilive-Pressure Wive, 35 it noves throngh the air, Inits cenler,
maolecules have been palli] lomether, comdensed, hat as it travels it releases
those molecules and compessses othees as it resiches then Do the samea mssnet,
a4 rarefuclion, or negative-pressure wave, pushes molecules apart. Roth wives
hehave in a cucious, but wieful way when confined ina tuhe and the effects of
inertin are mixed with ther. For one thing, they will be reflected hack when
reaching the end of the tuhe _ whether that end is open or closed. But al the
pihe’s open end, the wave changes in sign: 2 comdenzation is imeerted and
hecnmes a rarchaction, and vice verse; at the clozed end, the wave will be
peflecked, but retains its sin

Fow i all that useful- For example, in the intake system the opening of
the intake port exposes the crankease cnd of the tract ta 4 partial vaguum, and
that in turn sends a ravefaction shooting off tnward the opposite, atmospherie,
wrl of the tract. It travel: cul o the intake hell, inverts in sign to hecome o
condensation, and instant’: moves back iovward the crankease —to arrive there
a3 2 clump of compressed molecules, which surge into the crankesse bo ba:
trapped, if the piston then closes the intake port, us part of the scavenging
charge. That effect, vverl:ved with incrtia in the inrushing gases, makes ull
the difference in getting the job of churging done in tovo-stroki engines —
which provide only an akardly shart time for such chores,

How shart = Hme? Tt is at the same time one of the leust complicated
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and most depressing caleulations vou can perform. Let us eonsider the
Yamahz DT-1, which in Inlly developed configuration had an intake duration
of 18-degrees, a transfer durstion of 123degrees, ol an exhanst duration
of 172-degrees. Yamaha claims o power peak at TOO rpm, Let’s have a Jook
at the actual time, in fractions of a seeond, available for the completion of
these Tunctioms. To arcive at these times, vse the follpwing formula:

= f/
=% 0
Where T is time, in secods
M is crankshoft speed, in revolutions per minete
@ is port opes duratinn, in degrees

{ this ormmla can be abbreviated o T — ‘-.I?cE ]
Thus, te G T lor the LB0-degres intake doratinn,
_ G0 160
T = =10 * 260
T = (55500

With spplication of the same fotmnla to the transfer and exhaust periods,
we find that the forner is open (029-second, and the latter open 041 second.
Even the lomest of these, the exhanst-open duration, i only £1710,000-second,
and that is not very mech lime in which to empty exhanst gases oot of the
evlinder. Actually, that particuler progess is substantially finished in the
2o degress, or AN0T-seconcd, botween calaonst- and trunsferopening. [n that
shurt period, pressure in the evlindes maest fall o something very near atmos-
pherie, or the exhaust gases would foree their way down into the crnkcase
throngh the transfer ports. (4 course, the exhaust gases are provided quite a
large apertuce by means of which they may make their eseape, anil that they
do so, suceessfully, is less remarkable than the fact that the frosh charge
compressed in o two-stroke engine’s crankease is able to make its way through
the far more resteicted ransler ports, propethed by o B lower pressure, to
refll the evlinder in the extremely brict mamoent availilele, T seeins nothing
short of astonishing that this recharging opordition is sccomplished in the
[027-sec provided by the Yamaha 17T-Us [Lbslegree Iraresfor poriod; that
the same process takes place in a Yamaha TI22 cogine inonly 0017-sec
appears a minor miraele, Obwinnsly, divine intervention is not really 2 factor
in the funetioning of twe-stroke engines, and cvlindor recharging is possible
simnply Broause the process gets a Lot of help from the activities of the exhaust
svutemy, pag velpeities throngh the transler ports have amean value in the
prdder of 300 [tesoo, and the cross-sectional aruas of the ports involved are
relatively large as vomparad with the volume of gases to be transferrecd.
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As it huppens, it is possible to caleolate eorrect combinations of port-open
times and port ureas for any molorevele engioe, al any engine speed, The
maximum safe speed for any engine iz also caleulable, as expluined earlier in
this chapter, along with expansion chamber dimensions, carbueelor size and
many other factors inHuencing both maximoem power output and overall
power characteristics. It should be noted here that none of the values derived
purely from calculations are necessarily optime, and fine adjustments must
always be mude caperimentally, but it is far hetter to cmploy the simple
tormulas presented in the clapters toe follow e to attempl a porelv-experi-
menlal approach, The mathematics involved are not rervibly complicated,
though sometimez the arithmetic s laborious, and wou can use paper and
pencil bo arvive at a hasic enging/pipe combination that will be very near the
opbmum. Mueh nearer, in fuct, than would be obtined by even the mast
expericneed tuncrs wieupported  guesswork, and near enough o a fully-
developed configuration to minimise the outlay of ime and money entailed
in the building of & racieg engine. Yoo starl hy determining, mathomotically,
an upper limit for engine spead, then wse mare math in establishing a masd-
rm [or pistonering thickness, in establishing all the port dimensions ta suit
the projected cngine speed, inosclecting & carburetors and indesigning an
crpansion chamber, Suitablbe values for compression satios, both primary and
secondury, are provided in the ehapters dealing with erunkenze pumping and
eylinderbeads, cespeetivele, and with the rest of the materal inclodad in this
book it ull adds up e being o Firdy complete cngine redesign manez] far the
bwroeslroke epgine-ligated “tuner”. My own expeeience indicates that engines
tanill along the lines suggested here never Tadl o delivier high spocific horse-
poweer {which iz more than may he said for sny cut-amd-oy system ] even
without the henefit of expedment-indicated adjustments, T dislike guessaeork,
have made & serious cffort to eliminate it from my own peojects, and am
hopeful that the lessons learned < and oullined in this rext—will reduce the
senerally high level of guesswork among most experimenters, 101 have for-
entten bo vover anything, the amission is imsadvertent, hecanse my distaste
for Spred Secrels is even greater than for ooesswork, There G5 only one "Secret”
it thee poome: 1o knose what voo ars doing. and te do it thoroughly,
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There is a small aanount of overlap b2-
tensem Gordaon Jennings' Twa-Stroke
Tumer’s Handhpok and the highly-
recommended Ty far Forforemanea,
by Carl Shipman, contributing editor teo
Dirt Bike maqaeine. o the overlap area,
it amounts to twd paints-of-yiew, well-
taken and interesting.

The major wtility of these two
biooks is in different asreas, both impor-
tant. As you have seen, Jannings Foouses
mzinly om achieving a balanced array of
engine modification s working togethar
to procduse more power at mare RPMVL
Then hi reminds you that the payotf
finvally must be pxtracted through ciee:
ful adjustment af carburetsion, igrnition,
sparkpluy typs and heat reage.

Shipmaon stacts there, After some
alabaration of tha hasics, Toeiag far
Parfarmancs gxplains the theory of car-
buration, ignitan and the practical
pspects of jetting and timing with fots
of pictures and drnwings 1o show you
wihat to do, This applies to any eagime—
slock or modified.

Tuming for Performance has a
comprahensive discussion of tming for
altitude and temperature variations,
with a hamdy chart to help you, The
bk advocares keeping records—ine
turker's secrel Weapon—iand yives you a
metnadical tost procedure leading o
the best crgine senmis. 1t also gives
vou a handy chart touse for reeord -
keepang, and shows an example of it
use. Tawwing for Pocfarmuice (s widely
used in wocetionzl sehools. 176 peges
with over 300 illustrations,
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As was noted in the chapter of this book dealing with basies, power outpat
froan an engine of any given displacoment s a fonction of gus proessuce in e
eylinder during the power stroke, and the number of power strokes per unil
tisme, Tmplicit therein is the suguestion that the horsepower ultimately to be
bk froon am engine has lictle to dao with port shapes and port timings, exhanst
systems, carhuretion or indeed uny of the things on which nur attention usually
is fixed, Why? For one thing, increases in gas pressure bring vorresponding
increases in heat Mow into the piston —and no high-output bro-stroke engine
can operate hevend its thermal Emit, Similacly, you cannot increase the rate
at which power strokes neeur without increasing erankshaft specds, with
increases in this direction soonur or later laking you heyond the engine’s
mechanical limit. ‘The horsepoweer you wltimately will extract from sy given
engine depends therefore very directly upon your ability tw cxpund thoss
thermal and mechanical limits to the greatest extent possible, and only then
to make the most of the territory thus gained.

THE PISTON

For a very long time subsequent tn Dhugald Cleck’s creation of the two-
steoke engine, the thermal limil was the only limit, but il was enough to Told
power output from such engines to extremely modest levels, Then, as now, it
wag primarly a fimit imposed by available piston materials, Cast-iron b its
advantages in terms of wear resistance, hot-streogth and low thermal expan-
sion rates, and it wes wsed quile frequently in the low speed engines of years
past. Unforbunately, iron is heavy, and heavy is the last thing you want in 2
piston —which in modern engines is subjucted to aceelerations well in caoess
af 100000 ft/sec’, Aluminem, wed as the prmary constitiuent in vichually alt
piston alloys today, is conveniently light, but disagreeably insists oo melting
at much lower lemparatures than that of the fire to which it is dircetly exposed.
Moreover, it loses strength very repidly witly increascs in empoeritary aliove
armbient, so that piston failures do oveur at crown temperatores well below
the material's melting point. Finally, aluminum is a high cxpansion-rate metal,
which makes a piston made of it w variable-clearance fit in oany cvlinder. But
aluminuem iz a very lizht metal, and that alone was enough to recommend it
for use in pistons, even though the drawhacks listed were enough to severcly
limit the specific power outpuls attainable with two-stroke engines for o
long time.

Aluminum-boased piston alloys inproved slowly over the years, with the
additon of small pereentages of, suy, copper. to improve their hot-strength,
but it was not until means were found to add considerable amownts of slicon
that Jarge irprovements were made. Today, the best piston alloys contain
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[etweesen L3- o 25-percent silicon, and this addition has oll but teansformed
thue “alirndmeen” piston. Admiztures of silicon in excess of 15-percent not only
irastically reduee aluminum's expansion wde, they also offect 4 proportionate
imerease in hot-strength aod improve the piston’s wear-resistant propertics. In
all of thuese respects the inprovement is large enough to almost exactly egual
the peroentage gaing in horsepower during the years in which alwminum-
gilicon aflpys have heem in use. I am inclined to think that most of what we
consider ¢ be “modem” improvemsnts in beo-stroke engine design —with
partienlar refercnce o cxpansion-chamber type exhaust systems — might have
heen applicd ss much as Bty vears ago had good pistonz heen availalile
There wus litHe point in ;ch development work without the aluominem-
silicon pizton; alpminum or aluminom-coppar pistons would melt at specific
porwer outpuls well below what we now consider only average.

Bith all that, high silicon-content piston alloys still are oot wiversally
employed, As i1 happens, such alluys do have their disadvantage, which is that
they are diflicult romamafacture. Just austing pistons of aleminume-silicon alloy
iz o task [or specialists wsing spovinlizud  pouipment; mechining the raw
castingz intn fnished pistons @8 a0 even more fomnidable tazk. Yow may
enconnter this last diffienlty it woo have occasion to modify o oplimder cast
from the material in guestivn — amd you will find that it blunts cutting tools
of any kindwith remarkable rapidity, For vou, that will be an inconvenience;
for - the metss-producer of pistons it 3 o disaster, 05 the need for frecuent
roshairpering of tocd bits entailz Insing autpat from his machinery while such
repuics are roade, aod it means the eepense of the man-heurs Tequired for the
repairs, This, the manufactarer has cvery reason fo restrict the silicon content
of the: pistén alloys he wses tn the minimum reguircd by the vse to which his
engines will he put, which is the reasen why Yamaha, for exaomple, nses
dlilferemt alloys for touring and riciog pistons,

In print of fact, the Tupanese seem Lo manage high silicon-content pistons
better than anvone clse, which may well secount for their notable superiority
in enaxing power from bvosstroke motorcycle cngines. All of the major Japa-
nese mumifacturers emplov piston alloys in their tonring cngines having per-
centages of silicon bigh enongh to be considered *racing enly”™ in muck of the
rest of the waorkd, And, sad to say, many of the “racing” pistons Being elfered
by speed equipment manufacturers ace inferor in this regand to the ordinary
oll-the-shell parts vou'll find at your loel dealer in Tapasee motorcycles. For
that reason, Iam inclined to vse either stook o “GTT-Xi pistons when | am
working with eogines carrying 2 “made in Japan™ lahcl, cather than waste my
momey oy specially replacement. Thore are, of course, exveptions to this rale,
which evglve principally arownd ring widths, snd T wdll desd withh that e due
COHIESe.

Unless vou huppen ba be 3 piston manefactgrer, thore 50t wmoch von can
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THE CRANK TRAIN

The oo arall laper of the pistan shoewn bere f0c oo wparate] W illostrate 5
pistens shape ot oebienl eopeeaheee, When hot, espansion changes the
piston fefit D engine’s svtindricl o,

iy abipul piston alloys, beyond secking cut pistoss havieg a high silicen een-
tent. Neither is there anything you can do aboul piston shepe — which is nos!
unfartinate, hooause w piston is nal, as it fest appears, simply evlindrical.
Even with the nse of alurénum silicon alloys, pistons do expand a8 they are
heated, and they do net expand at all evenly, The greatest increase in diameter
will oeeur up ab the crown, hecanse that is both the area ol maxinmm mass
and highest temperatuee, 5o there must be mere elearamne:, messured cold, wp
al the piston's erown than is required duwn around the Iower skicl, In fact,
clearances vary continnonsly from the piston’s ceown t the holkam of its skirt
— ane from side to side, as the piston is elliptical mther than round. Someday,
somenna may be sble, with the Lelp of a computer, w aclually calealate =]l
the elearanees snd ellipse ratios invelved; for the present they are decided in
& process of trial-amdl-error by even the most experienced of mannfzemrers.
Presummalzly, you will nat have the Facilities to alter whatever shape your
enging's piston!s) may have, but you can vary ronning clearanees by changing
eylinder bore diameter. The problem here is one of "How much?” and [ regret
o say that it is a problum for which here is no convenient solution. Clearenees,
measured st the pistons magimom diamoter, neross ils theost faces, may varcy
from abowt 002-inch to as much as 007 inch, depending an: the shape and
composition of the piston itself; the absolule eylinder bore dinmeter; the
malerial from which the oylinder is made, az well as it configuration; ond
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the thermal loadings to which the piston will be subjectad — whicls will them-
selves vary aeeording to gas pressuee, fuel mixture, eylinder configuration and
the vehicle's rete of motion. Many people have expressed proene aith in roles
relating elearance to eylinder bove diameter; T have not fonad the clvice to
bz that simple I there isamde, it wonld be that you coo sl perbaps 000G to
O0l-inch ko the clearancs :reqnmmcndud T vour engioes meker, Tl even
(hig iz a gross oversimplification and T mentien it vuly ecawse it s sonewhat
Better to have too moch clearance than too litthe, To the formes, e eseessive
clearance wdversely inMuences heat transfur from the piston ta the eelatively
cooler cvlnder walls and may lead to any b Ee sesceead unpliasintyios associ-
ated with overheating the piston, whieh nge Tem o tendeney Tor il to
beoome carlonized in the tng crooves, o the appearanee of a Lirgre: hole in
the piston croswn. Pon little cleszance will reveal itselE o the lugm of senfng,
or cutrighl seizure —nnless the pistun is ooly marginally o Gzl in which
case the ooly syonptom of distress will be a power less in e goder of 2- o
S-porovnt

CHten, ine mordiGed enpines, sou will find that e stsishitlora an] incoease
i tverall piston elearanes by slightly enlueging the evhaler bore is not a
comnplite snswer I the mamfacturer bos done his sk progued |y, Dis pistons
will s they eppand with temperatone, aesonie vzl sl when tue cogine
is buak, Wour pratilesn will be thab withy B ol von oy made, mpoe
hess will be Farced into the piston's crows, rising 25 teompentore above the
level anticipated Ty the manaBacturer, which resules i a coplerely different
sel of lemperature oradients doven Lhe lengtle ol Bie piaton. Specifically, while
the whole piston will assume o dinmetes slighily Lareer G that plamed for
L its maker, the arca aronmd the arown will "geow” snore e the rest, Tt will
thus he i|'|'|1‘_|ﬁ5&'i_h,|,1_‘: ter porrect For he altere] conadigions rC'.'.I|||'|:,' I'::.' hn::-||:in_g 1he
eylinder bore larger, fur ib you enlarge the Baoee euoneh L provide roaning
clearanee for the top of (he piston, its skiet will Tee given oo ek clearance
{ lesuding to rocking, and trouble with the diogs b Jo such eees, which are not
the exception, but the rule, the solution is to machioe: whot s olled a
“slearance hand” around the top of the piston, Wseally, this i will extend
dowmn from the crown oo point about . [23-ineh below e soee groove, oo
rromvey, o ke piston’s diameter roduced by perbaps 022 0ch over the
entire band's width. Althowgh the clescnee baod s mt o partienlary clean
splution to the piston-cxpunsien problem, it is one thal con be applicd by
anyone with access to a lathe, and it bas one advantage over the generally
more disicable “pure” contourng af the piston: iF a piston with o clearance
beined seizes parctially, alominonm will not be smearced above wod baelow the rving
gronyve — an event which will lock the ring in its groevye cond wpsct its ahility
o senl against gas pressore. In practicn] terms, this mesna that the clearanee-
banded pistan will ahsorb a lot of punizlomen Liefare it i ilillllugt'ﬂ.bluﬂ'i.t'itlltl}'

THE CRANK TRAIN

Stook pirtors are el oontoured Lo eape with the copansion. pradnesd by tem.
pecatures inoanadilicd comices and it beguently s nmcessary o apachioe a
clearanes band aramd the pisten e illustraied here

ba canze relirement foom o rane.

Eaxcessive deep clearance bands must be avoided, for they expose the
sealing ring Lo too much heat, and heat has a devestating effect on the servies
lile af & piston ving. Bt for these effects, there would be every reason to loczte
the ring as close to the piston crawn s is meclanicnlly possilile, becanse we
wolld then ohtain the clesnest opening and closing cf the ports; with the ring
in its wseal position, shout 200-inch below the pisten evown, there is a ten-
deney for gases to leak down the side of the piston, and the port-opening
process thus becomes more gradual then is desirable, The elfect is slight, but
it iz there, and for that neason mne loention alwivs (s a matter of jugeling the
confllicting requirements of keeping the ring cocl, and obtaining sharp, clean
pert-opening characteristes, Amd in most inslances, the balance of this com-
promize will be in favor of the focmer, for an pverheated ring quickly fails.
The canze of this failure is teolold: Geat, eesssively high temperatores effac-
tively anmeal the ring, aod it loses its radiz] tension; sceond, an nverhentad ring
warps like a potato chip. sl no longer maintains close contaet with the bottom
of its groove, In both of these cazes, the ring’s ability to seal is veduced, which
allows Hre to start leaking down past the ring, aned that lerther raises s
temperature —slockng 2 cvele that soon results in oubrizht ring failure.

The single exceplinn to the unploassntness jusl described s the Leshaped
“Trvkes” ring, which alsn s cxeepted from the immediate effects of ring-utter




