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Thronghennt this bewk it will bee pssomal, incomveanienl ool Nt
,L;-s.urll]_‘a-t:'m:. AN n-n.-.l.'::l'ﬂ:ui]}' Taee, that the m=uler lias |‘.u‘r3_£',_'ﬁ.1.i1_uj b aal et
asapeerfieian] knoveledge of the oanner in which o piston-tvpe inlemal oom-
bnstion cogine —with pusticalar reforvnes to these sperating on the two-siroke
evele principle —converls uantities of Tuel and air into uselul power delivered
at the emd af its ernkshaft. People who need enlightenment in that repgred
will final o wendth of explanatory Hierature eollected on the shelves of any
pulalic libweney; e veal purpess wonld be served by lingering overthe matter
laeres, Neither will T adtempl b msteuet vou in the elemeitary matfematios
and phiysies required to grasp much of what follows, as agaiu Uhe public library
is an vntirely adequale source of information. What will be provided is a
kil of “state of the art” report about high-speed. high output two-stroke
cozines for luymen — who in meost cases do ool have aeoess to the litemture
(| SAE papers, ot ) available to engineers anl thus st vely upos hnnehes
i wften wrone ) and folkdore {almost invariably woong} lor guidance, Many
b learned, 1o their somow, that it is distinctly possible to Livish enormns
arneninnty of b and money on the teeshvoke enging without realising a
reburn appropeiate to the investment, The information te be pravided here
will not make vou a Kaaden, or Nuite; it will help vou to avoid some of the
miore seeious mistakes.

Tl First seriouy mistzke o Jivooan experimenter can make i5 to asnme
that these who designed and manfachued bhis pardeunlar eogine didn't know
what they were doing. In point of fact, the prolessional enginesr knows very
aefl, andd il the cogine in gueslion iz somcthing ather Uan what the exper-
mienter has inmind, there are excellent reasons: all cnoines are comgromised,
froni what you might consicder an idel, in the intesest of menufieturing
voosbory s broad nsetulness. For exonple, ports may derive their shape
x imnich from what the design engineor intended 1o be a low serap-rate casting
i From copsideration of flow characteristics, Tn pilser wonds, even something
liker paerrtgeclesion alweys will be infuenced by the demandds of mass-production
manydacluring, Sfmilacly, desidoing for mgssomarket sales iaplics thal an
rnginee sl be agroealble to oy diflferent wses— evien though at inevitably
means that it will do no single thing panticulache well, [n these areas will we
lamutl the Fatitde for “improving” an engine, and one should abazvs be mindinl
that the veal task is simply 4o ilor o moss-use product to a very specific
ipylivation —and that in tha Liloring progess ene ineyilably will incor a1 the
warbons exponses (he engine’s desizner has avoided. Hours of labor may be
roquired to finish roush-cast ports; dollars will be spent commecting - other
things that are the creatures of manufacturing economics: power added at
naxintum revs will be powaer subtracied ot lower crinkshatt speeds, while the
incrcased spesds required o obtain lrge improvements in power cutpul will
bae paiel for in torms of reliability.




Ansther mistake commonly made, sometimes even by those who have
rhjoyed svme suceess inomodifydng teo-stroke engines, is o helieve in o kind
of mechanistic magic. Bigger carburctors, bigher compression ratics, altered
prt timings and expansion chambsers of fen de bring un improvement in poveer
outpiet, but more and bigger is not magically, instantly batler, A1 muost work
in coneerk with the basde eogine, directed toward the particolye applivation,
hfore they Constitute 4 penuine improvement. You cannot treat them as a
wondor incsntation, hoping that #f you mutter the dght phrases and st the
chicken entrailz in the preseribod munner, vour mild-mannered, all-purpose
chufler will be transformed indo a hvperhorsepover frebreather. With a lot
of luck, vou might get that resall; the chanees henvily are that von won't,

With ull the mysticizm Sltered ont, horsepower at any given displacement
iz simply @ function of weorage pressure in the oylinder during the power
struke sl the mate at which power strokes acour, mines wark ahsorbed by
trivtiom and scavenging. Dafse prossure and/or the d=livery rate of the power
alrokes, ar eeduce Foction ond pumping losses, and the cogine's net ootpat
will rise. Unfortunately, there wre imitations on all sides: Pressore must be
limiterd hersuse of Vel considerations (ond 35 further lmited by an
engine's vesleicted abilily torecharge its exlinder with a fresh airfuel mixtere
hetween power stiches). The limit for power strokes per unit of Hme is
eatihlished by what is tolerable inoterms of crankshaft rotational spesds, and
telerahla heve is whal the bearingz, rod and piston will suevive, in inertia
lnadings, for what gou consider an acceplable service lite; the design enginoer
b already expressed his opinion in this matter. Pemping fosses con be
reduced —relative to the mass Tow theough an engine - with a properly
desigeed crhanst svstem, hot atherwise are an inevitable and alies) invariable
consecuence of pulling air from the stinosphere, moving it throngh e engine,
and pul the exhawst port, Some improvement in output imay be obtained with
recuctions dn Triction, bal the wape for such improvements s very small
compired o what may be accomplished with evlinder pressure and engine
spead.

Ohwicnsly, pressure in 2 eylinder swill vy continoonsly throoghout oo
engine’s entive power steoke. Knowing what those proessaees may be inoa given
eogine is wieful, but more nsaful stifl i= knewing what they should and are
likely to Be, gz such knowledee can kecp vou From thiet futile exercize com-
mgnly known as Bogging o dead horse—and foom helioving a Int of lies ahont
how much power various people are gelting From their cngines. Engineers
have an overall efficiency rating malled “Trake mean effeolive pressure”, which
they caleulate by working their way back theangh torgue eadings ohserved
on the dynumometer, the leverage provided by crankpin offzst, and piston-
crown area. Thus, bmep says litthe about peak cylinder pressures | those
mesuremenls being taken with a pressere Iomnsducer and vecilloscope) buat
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it is an excellent relative indiestor of performance amld highly wselul n
projecting power ontpol from & modified engine.

FREDICTING POWER

An average, well-developed stock engine intended for use in a sportss
tonring motorerele will have a boep of ahont 70 pet. Tt #s possibde, and T muwst
stress that word "possible”, to vaise this to porhaps 115 psi — an fmprovement
of some B4-percent, which (if acenmplished | will yield a G4 pereent increase
in povver output without ruising the cogine’s operating speed. Similarly, a
Bl-poroent incrense in operating speed without a change in hmep woold
have the same effect on output. You will see this in the following formula
for caleulating horsepower:

FLAN

HHEP — 000

Where BIIP is boake horsepower

F iz brake mean cfective prossuce, i psi

L is piston strobe, in foct

A s the srew of coe piston, in square inches
N iy the number of power strokes per indnute

Ohwioushy, when the valnes of Loand A are held constant, az would be the
case with an engine having n piston displacement at the limit established for
a particular racing class, then increases in powes may anly be obtained by
increasing the vulues for T aned N —and you will find that in practice it is a
lot easler to increase the latter than the former.

As alrendy stated, bmep figures for stock, towring-type engines with
flove-restricting aiceleancrs and muflers, and with porting/earburetion com-
promised in Fuvor of smeoth kew-gpead running, will be around 70 pei. Typical
figures for engines with porting and other plumhing arranged solely {and
eiffactively ) for maxirmum horsepower at peak revs would be sbout 1175 psi—
with a few small, highly-developed two-stroke cogines operating up at
125 pei. The exact number will vary according to unit cvlinder displacement
and the width of an engine’s usebul power band, but one may rezsonahly
expect that engines suitable for matocross will fall in the 55395 psi range—
with big oylinders lending toward the Inwer Agure and small eylinders vice
versa. Road racing engines, tuned tn exert o maxirnum cffort gver 2 very
narrew speed range, will usually shoey a bmep of 100-115 psi, and of courss
the swme remarks regarding the influence of cvlinder size apply.

These numbers bave o usefuliess beyond the mere satisfucton of valger
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carigsily: they may be used very profitably to determinean engine's suitability
for seme particular application, For cximple, they shed light on the future
prospects of those wha are leying to tmnstorm Kawasaki's F-5 “Bighom”
engine, o 390ce single, into a prime-mover capable of woding the Yamaha
T-2% abeolule dominetion in rosd racing Moch hag been made, by the
Kawasaki’s supporiers, of the wselulness of = hroader power range inherent
with the F-5s dise-valve induetivn and the [ee sdvantage it gets, over the
T2, by having only a single cylinder {this, under the present American
Mutoreyele Association males]. Now while it 25 true that a racing molorcyele
having a wids power hand iz easter for ils rider to manage, snd may oller an
absolule if vory slight sdvantzge on shovl, extaordinarily beisty cireaits, one
st mol everlook the Bact that the TT3R2 has Beer Dlessed with an excellent
close-ralia teananissivn and « mumber of riders quile capable of eoping with
any problems introduneed by the nesd for lrequant gear changes, Vicwed
readistically, the situalion Being sy serious chellenger to Yamaha's supromacy
is eme in which hersepawer must be met with horsepower. And what are the
Kuwssaki’s prospeets of developing thet kind of harsepowet? Tefs have 2
leok at the tnombers:

Axsvming thet the nznoweho roodifies the Eavwasaki T-5 koowes his buginess,
Lart dovs’t bavve wll the development tme i the world, | probabiling s
ihe fadter for move than the foemee ) then be vory likely will amive at a
comnbination of porting, ete, pooed for 2 bmep of alout 105 pei—which iz
abul all Hiet can be expeeted wanith o single cylinder of 350ce displacsmen .
To expeet more would be ta ignore the consideralile diffieultios in scavenging
elficiently the F-5 large-bore {317-2ch) colinder, Fuckher assurning [and
as we shall see buter, this wssmaption is far from safe) thal the F-5 eogine will
remain in gng, working pieee for the ducition of 2 longish eace with it rider
obscrving a rad-line of 5000 rpn, with & power peak &t 830 epm, Hhen,

5 5 D205 x 750 ¢ 5000
FHF = 00

BHI' =47.5

sy 8 well developed F-5 would deliver 87,6 brake horsepovesr. How does
that compire with the Yamsha T1:2% Witk ull the vears thet have gone inle
the TI-2's devefoprent, and giving due thowght Lo Yamaha's proven expartize
in these mallers, it seerns safe to assume Lt this cogine would be aperating
with a bmep of 115 psi at its power peak —which seems to be at 11000 T
Thues, working from those numbers ued the 230ce Yamaha bwins bore/steoke
slirmensicns of Stmem and 50mm, respoctively,

115 x . 164 % 5.81 x 22,000
000

EBRHF =
BHEP =480

FUMNLAMEMN TALS

Clearly then, those who would try to beat the Yamaha with a Kaveasali
F-5 have taken upon themschves a task of considerabla magnitude, The only
bright spot in the picture, for them, is that whilc they are (.4 hhp down on
the Yamuhe ( sssuming near-optimum work on their part) they peohably will
hiave the advantuge in terms of average horsepower, figured from the moment
a gear is engaged —when ravs Gl somewhat below those lor peak horsepower
—until the ved-line is reached and it is time for a change to the pext higher
guar. There will be no advantage in frontul sres, for although the F.5 engine
is mrmower than that of the TD-2, the fairing must be wide enough 1o shroud
the rider, and the minimum width that requices is sufficient to encompass
vitlwer engine. Maoreover, moving from the theoretical to the practical for a
moanent, it is highly unlikely that the Kawasaki could be made as relizhla
At 5500 rpm as 15 the Yamaha at 11,000 rpm, and not beeause the F-5 engine
is badly designed or shaddily constructed. The simple troth is that any single-
evlinder 350ce engine with the F-5's bore/strake dimensions und red-lined at
S0 mpm s going lo be stressed very nuir its absolute Simit — 2 limit imposed
Dy the properties of available materials,

PISTON SPEED

All this asks the question, “how does ene determing the limie, with regard
tu emgine speed”™ Unfortunately, estabilishing this limit with any precizion is
ot only extremely difficult in tevms of the wathematics involved, but also
requires data concerning metallury, ete., sebifom svailable cutside the reenrd-
rioms of the lactories frome which the engines originate, 54611 there are
tuide-lines which, if Tacking in absolube precision, do at least have the virtue
of simplicity, and will previde an indicator 1o keep s away from cortain
trouble. It is almeet impossible to establish the peint, in eogine spoed,
bartwcen zero trouble and the possibility of tronble; there is much less difficulty
mletermining a red-line between some trouble and nothing e trouksle,

A ruick and easy method of eslablishing o limit for erankshaft speed is
I working with piston speed. Actually, with “mean” piston speed: pistons
ddee ugel brsvel ot uniform velocity; they move from a desd stop at each end of
their stroke, acoelernte up to a maximuom speed that often is in excess of
1200 mph, and then brake to snother complele stop, For convenienee, we use
pest the mean piston speed and che sale Timid for that, for eogines having
tuere--stroke dimensions within the range considered normal for miotereyeles.
e bt 000 feet per minule, And mean piston speed may be caleukated vory
eanaly by applying the follewing formulu:




Co,=.66xLxN
Whoeee i menn pisten speed, in feet per minnte
L i5 struke, in inchas
M is erankshalt specd, in revelutions por minate

Thus, nang again the Kaiwasiki F-5 cogine as an example, wilh L being
2,65 inches and N given ns 5000, we find that

Cho = 10 x 583 = O0HH)
L = allXh Bt/ tnin

Here we have a theoretically-predicted limit that seems to agree quite
vlogely with observable reality in the field: Teposts feom teose actually raeing
spclified F-5 Exwasakis indicite (hat the engine does in fact retain acceptablo
(within the fromework of thut word's meaning in rmcing) relinbility when
recl-lined at 9000 rpm, =nd ravels with horrifying abruptoess i pressed
further., OF course, it must be steessed bere that few enpines, the F-5 not
exeepted, retiin more Han marginal reficlolity at mean piston sp nf
A0 Frsmin, el even this presupposes Frequent replucement of the piston
onel the crank Sl benrings,

You will be on far mors solid ground iF vour engine is nol asked to endure
mcun piston speeds above 3500 11 min Anything above thal 1akes &n cngine
into the bwilight sone of reliahility, and the ground beboesen 3500 ft/min and
the near abaolate lint of J00 0/min s coversd with unoleasant possibilities,
kot thiese often mor be minimized with the peoper sclection of materiafs aod
lubrication, 1 shenld oote heve that there aee eeeeptions o thiy cale among
some of the old-Fashioned., long-stroke engines, which tend 1o have very light
{ sl strong ) reciprocaling parts relalive o their abeobule stroke, An eompls
thiat comes oo mind i3 the Bultwo 1250 TSS, which had a stroke of no less
than 236-nehes (decidedly long tor o 123) but which would, in “factory”™
rone] pacing (elm v wp e DL rpan just Jike e Yaomalo TIRE (with a
nuch shorter, 187-4nch steoke ), pod that represents a mean jpiston speed of
1500 rpme. Olwionsle, Bultaco held the apinden thar the rosulting thinmish
margin of relinbility was sceeptable, but their TS5 never was a6 predictably
trouhle-froe ns Yamaha's TD-2, which at the same crankshaft speed (1130
bias o eoesin piston speed of only 3773 Etamin,

While on the subject of hovesstroke dimensions, T would Tike to saw that
there iz much in fver of long sieoke two-stroke opcle engines in many
applications, They are ont superior {as many people seem io think ) compared
ta the prosentilay short-stroke designz in tenns of low-speed torgus, as torgque
is endirely o lunction of displicement and baep, and whololy wnrelated to
Voresstioke vating, With a long stroke, there is (ut voy given displacement )

& reduction in bore, aml with it o loss of pislon ares against which gas
peownre e esert its foree, that exactly Talanees the loss of leverage in o
shaar t-steakes cogtine {which is, B toen, compensated Ty a oain in [l ares )
Thae aanly Lhing wrong swith the long-stroke engine is thit its conkslaft speed
o Dbl b fertia loadiegs, and that in toen limils s olsolute power
petentiel e conpared with the “moders” shortstroker. On the olher hand,
i campengated by having a much more compact combistion chambar,
whach makes far morce efficient burning, and by Jower thennal badings en
thee piston a5 a result of the smalley crown e into which hest from the
seenbaislion process may scak, Finally, there 15 an advantage in part srca for
ther bang-siroke desian resulting from it refatively large evlinderwall area.
Plan arey inereases in the long-stroke cogine becanse displacement rises ouly
s hiredd propurtion o stroke, but is increased by a Factor of 3.0 [ 21he constaat,
s with enbrgements in bove. These ane very real advantages, but they ure
o cnenggh, nsually, o prevail againgt the shorb-stroke enging's sheer ahility
wrotev, Ulmnbshaft speed is the anly thing subject to much juzsling in the
e pner erjebion —and is & far rore patent fuckor in determining pawer
=tk Rhan the relatively slight mprovements in lonep obtainabls with the
sattinally hetter eombustion elunler and porting in the lng-stroko eagine.
Db perovit improvesenl inoonr Kovasaki 000 eogioe's bowep fa t-ﬁ.l:'gﬁ“
oy oeemient indeed) wonld rise it o o 523 bhp; feave the binep
s fondesl, but sherton the sleoke and szin it 11,000 cpm and vou would have
510 Yl Thure & indecd no substiteee For rewvs.

FISTON ACCELERATION

“ually, while there iz no substilute for revs, there ave plenty of baceicrs:
s e B one, g5 was alveady noled. But that is a rather indivect it
ot vznwres e fact that it is not spoed s mwch s all Uae sterting and stopsag
o cenms that does the damage, or al Jeast the warse af any damage, The
e tenatien forces gencrated by the starting and stopping are felt even inan
oo ndnboaringgs, Tt thiey ame e a ek in [ conreeting rod and pisten
b L o particularly disastross effect om the laller, s any attempt to make
v stromger is apl also o make it heivder —which ageravutes the very
swstonm e strengthening of the piston should improve. Fven so, an caging's
v Achilles Beel, the proldem that mey most steongly resis! salution, often
ot civistrous effeets plston accelecalion muy have on the piston’s vings,
Frodbiee is Haowgh b and quite wreonghy, that rings maintain a seal Bolwaon
e peran el the cevlinder's walls sioply (hrougel their Rroporties oy spring.
totsthe gl showld convines you that such connot be the cose, Far mns
vegn compressed dn the proeess of inetallation, press outward aguinst the




Moarmally g pressure in the apper elinder belds the dnm diven agiicsl s
Taotbonn of dts graeee aond oul apainst the oplinderaall, formeng o zeal {shoun

left 3. Buk piztoe aseeloentom, 027, com Tife Lhe chge shat olb pressire lashind

Llse risz aned Bealk the seal.

eylinder with « Forec sunounting to about 30 pei, Gos pressura in thut eylinder
iy easily exeved 750 pai, and it should he obvious that a 30 psi force will not
hotd Back me cicca 750 psi. SHIL equelly obvicusly, piston rings do fonn an
ellective seal, o Boennse they met o lobof help from the ovlindor prosare
itsell: gas pressure al:ove the ving fores it down agpinst the bottom of ilg
aronve i b pston, and alse (scting behingd the ring, i the back of the
groove ) shoves itout hard against the ¢ elinderamall. Thus, i the normal coness
af cvents, sealing prossure at the interface hatwesn ovlinder wall and ring
always is comfortably higher than the pressure it must hald back,

This very desirable situation will be waintained unless something happens
to upset !hi-ng_:: and most-insistent onene the several “soonethings” that may
fitrude is exesssive piston neceleration. Whoen piston accclerition exceeds the
sum total of gas pressures holding the ving in place, e ring will Tilt upward
{as the pisten nears the top ol its steake, and is Teigg braked to a halt).
Instantly, as the ring Jifts, the gas pressure proviously applied above and
behind is also applisd wnderneath the ring, at which point its incrtia takes
ever completely and the ving slams up hard sgainst U top of its groove. This
last action releases all pressuve from Behind the ring, laving it eoticely o its
own feeble deviess in halding back the fire sbove, and as its 30 psi outward
pressure is no match for the 750 psi pressure in the npper eylinder, it is blown
violently hack into its groove, The rings radial collapse opens 2 direct path

down the eylinderwall for the high temperature and pressure combustion
gases —but ondy For a microsecond, For the aclion just described instantly
applies gas pressure onee again hehind the ring and that sends its soapping
back into place against the cylinderwall. Unhappily, it canuot remiin there,
a5 mas prossure immediately bangs it hack inkto its groove again—1o repeat
the process over snd over unti] the piston is virtually stopped and the ving's
inertia is uo lomger enouph toe counter gas pressurc.

The net result of all this activity is that over the span of several degrees of
vrank rotaHon, immedistely preceding the piskon's reaching top canter, the
ring, will be repentodly collepsed mdially und at the some Hme hammered
hord naninst the top of its groove, Understandably, the ring is distressed hy
this, a5 it not only receives o beacfu) battering but alse is bathed in five whils
being deprived of the close contacl with piston and evlinder that wonld
etherwise serve to draw off heat, Equally damaging is that the piston is having
much the seme problem, with high-temperature gases blowing down past its
skirt bo cawse coeerhes Hog, to o wesay the il of oil between itself and the
eylinderwall, and with its ring, oo rings, all the while trying to pound thei
wiy up through the piston crown. A mild coze of what is guite aconrately
termed “ring Hutter™ eventoally results o the destruction of the ring and
sometimes the dimensional integrity of its proove; & moTe serios ease is
cerlain to bead mpidly into lubrication Fiilore, overhenting, and pistom seiure,

Fortunadely, this drastic problem con he aveided, thanks to the work of
the researcher Paul de K. Dykes, whose investipation of the ring fatter
phenamenon vielded most of what we knew alwaut it — and whe invented the
Hutter-resistant ring that bears hiz name, [Dvkes showed us the cause of ring
Autter, and engineers” waderstanding of the canse is reflected in theie designs
of the modern pistan ving, which is very thin, axizlly, with a very considerable
width, radially. Thus, gas pressere brars down on w large surface, providing
an equally large total downforee, but is opposed by a relatively small upward
load as the ring, heing thin, is light and in comsceuence has little inertia. Still,
even with very thin rings, Butter will eecur if inertis loadings are high encugh.
To settle the question, with regard to any given eogine, apply the following
formula for determining meximmn piston aceclermtion:

Nz L 1
Cus = 570 (1 BT
Where G .., is maximum piston acceleration, in feet per sccond sgquared
M is erankshaft speed, in revelution: per minnto
L s stroke, in inches
A is the ratio of connecting rod length, betwesn centers, o stroke

To illustrate how high these forces may sometimes he, let's use as an
exumple the Yomaha TD-Z, usiog 11,000 rpm for M. The formula tells ws that




