Proper Engine Break—in

Wen a di scussi on about engi ne
life of the Harley engi ne occurs,
the participants, directly or ind -
rectly, are usual ly tal ki ng about
how [ ong the pistons survive. A
XSit isnodfferent. Mny of the
perfornance kits we offer have
engine life ratings based on how
long ve fed the pistons wil last. It
is for this reason that “proper
engine break-in” is critical and be
addressed, because wthout a good
foundation the structure col | apses.

The expr essi on “ pr oper engi ne
break-in” is often m sunder st ood
by many riders and ent husi ast s.

M sunder st andi ng what “ pr oper
engi ne br eak-i n” means can | ead to
avariety d nechani cal probl ens,
the most common bei ng “scuffed” or
“cdled” pistons. Wil e defective
parts are sonetimes the cul prit
here, the troubl e usual |y is traced
directlytoi nproper break-in. To
clarify “ proper engi ne br eak-i n”
and m ni m ze danaged pi stons, we
must first look & afewi nport ant
related el enents. These are piston
fit, engi ne assenbly, igntiontim
ing, carburetion, and engi ne mai n-
t enance.

Piston Fit

Essertially, pistonfit isthe
nmeasur enent, or cl earance,
bet ween the piston skirt and
cylinder valls that enclose it. The
object for long piston/engine life
istofit thepstostoastigt a
runni ng cl earance as possi bl e
which all ows the pistons to func-
tion wthout generating excessive
hest .

Basi ¢ piston design el enents dic-
tate what the running cl earance
range of a piston wll be. Looser
than mni numpiston fits nean the
pistons are free to nove around in
the cylinder bores nore than
usual . Tighter fits elinmnate these
extra novenents. Less novenent
neans reduced wear on the skirts
and better pistonring life since
the rings will have to work less to

If proper engine break-in procedure is not
folloned wth closdy fit pistons, resuts
can be disastrous, as evidenced by
extrene skirt “gauling.”

contai n the upper portion of the

pi ston during novenent. S&S sup-
plies tw fitting ranges for each
piston vwe sell. Thisis done to
accommodat e the nany riders and
riding applications.

Qose fit - AHtting pistons to the
m ni num si de of the cl earance
range requires accurate assenbly
procedures - careful neasuring
of the pistons and precision bor -
ing and honing of the cylinders
for proper fit. Qose fit pistons
also require a careful break-in.
The mininumside of the clear-
ance range i s recommended for
the patient street rider who puts
alot of mles on his nachine and
wants the nost out of each engine
overhaul . General |y speaki ng,
cast piston types offer the rider
better |ongevity although nuner -
ous reports of excellent service
fromcustoners using S&S forged
pi stons have been recei ved.

Loose fit - RS “loose fit”
specifications give the rider nore
break-in | eevay as they all ow
himto run the engine at higher
rpns sooner wthout generating
significant anounts of extra heat.
Less heat neans the pistons will
be less likely to “seize” inthe
cylinder bores wth the resul tant
galing. The sacrifices that he
nakes are: less total mles

because the cl ear ance/ wear
establ i shed over many mles of
operation is taken away right
fromthe start, poorer piston ring
seal and less overal ring life, and
nore pi ston noi se because the
pistons are free to nove around
nore in the cylinders. Looser pis-
ton fits are reconmended for the
rider who desires a mni num of
break-in tine such as in racing
applications. If alat of racingis
intended, the rule of thunb is
used forged pi stons because they
are stronger.

fs alast word, try tofit the
pistons nore towards the tight
side rather than the | oose side.

Engine Assembly

Wiile lubrication is inportant
for every notorcycl e engine,
newy-built notors usual |y
require an extra supply of ol to
reduce the friction and heat that
occurs during break-in. This is
because the “new surfaces are
actual ly rough. Brentual ly, after
break-in, these surfaces wear
snoot h, which in turn reduces the
anount of friction that causes
excessi ve heat buildup inside a
new engi ne.

To insure that the pistons get
proper |ubrication during the
break-in process, the buil der
nust put a crosshatch pattern of
fine scratches on the cylinder
val | s. These tiny grooves act as
ol troughs and are put in the
cylinder walls by running a hon-
ing tool up and down the cylinder
bore. XS has found that a cross-
hatch pattern wth a 60° angl e
tends to retain oil best.

Just as proper lubricationis
inportant to piston life during
initial break-in, proper piston
alignnent in the cylinder bore is
a key factor that determines an
engine's longevity. Qorrect align-
nent wll assure a better ring
seal and longer ring life and nin-
inal thrusting on parts of the
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pi ston where thrusting doesn't
nornal |y take place. A ston
alignnent shoul d al ways be
checked. Wsing a new set of con-
necting rods whi ch the buil der
assunes to be straight wll not
always insure that the pistons
wll be properly aligned. It is
sonet i nes necessary to “tweak”
a newrod to conpensate for slight
crankcase and cylinder nachi ni ng
deficiencies. VW& strongly recom
nend followng the rod al i gnnent
procedure outlined in our S&S
stroker and S dew nder kit
instructions to ensure that the
pistons are properly aligned in
the cylinder bores.

@od general engi ne assenbl y
procedures are a nust too.
Renenber the ol d sayi ng,
“Geanliness is next to
Godl i ness?” An engi ne assenbl y
is no exception. Miny of the
scratches found on pistons after
di sassenbly result fromdirt
particles that were left inthe
engine during building. Thereis
no substitute for a clean engine
assentl y. And for cleaning indi -
vidual parts before assenbly,
not hing beats plain soap and
water for renoving dirt.

Ignition Timing

Excessi ve heat in a new engi ne
wll utinately destroy the pis-
tons if allowed to build up.
Inproper ignition timng can
cause additional heat. During ini -
tial break-in of a new engine, be
sure the engine is tined correct -
ly. Vé recormend using factory
stock ignition tining specifica-
tions at the start. Later, after the
engine i s broken in and heat has
becone | ess of a factor, you can
experinent. The final ignition
tinmng setting usual |y depends on
the nodifications done to the
engi ne, the way the notorcycl e
wll be used and the grade of
gasol i ne avai | abl e.

Carburetion

Another way to offset heat in a
new engine is wth slightly rich
carburetor jetting. R cher mx-
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tures burn cooler. Gonversely, a
carb wth a lean mxture can
destroy new pistons (as vell as a
few ol der ones), because | ean
jetting wll cause the mxture in
the conbustion chanber to burn
“hotter.” If there is any question
about the carb's fuel/air mx-
ture, renener that it is better
tojet sligntly rich than too | ean.
The rich/l ean question is espe-
cially critical for eng nes that
are equi pped wth sophisti cat ed
hi gh perfornance carburetors.
Frequently these types of carbs,
especial |y when installed on high
performance, big inch HD

engi nes, have | eaner jetting for
opti mum performance. If you
have made sone perfor nance
changes in your engine and intend
to use the stock carb, al ways
check the jetting. If you are going
to use an afternarket carbure-
tor, find out what jettingis
installed. Informthe carb nanu-
facturer about your engine nodi -
fications, and then ask their rec-
ommendat i ons about jetting. Ask
if they have actual ly perforned
tests using their carburetors on
engines simlar to yours.

Qovi ously, you don't want your
new y assenbl ed 96 cubic inch
Bvo S dewnder to be their
“guinea pig.” A neticul ously
assenbl ed engine, even with
proper break-in procedures,
wll be ruined quickly wth too
lean a carburetor jetting. Be
certain of your carb and its jet-
ting so it won't be a problem
during and after break-in.

Engine Maintenance

The first rule for proper engine
nai ntenance is to use a good air
cleaner that actualy filters the
air. It is anazing how nuch j unk
and foreign natter a non-filtered
carburetor wll suck in.

And to keep the engine's inter -
nal parts clean and wel |l |ubri -
cated, use high quality notor oil
and change it often. V¢ have used
Aero Shell (grade 100, 50
wei ght), Valvoline Racing oil
(50 weight), and of course

Harley oil, al wth success in
nost of our S8S street engines.
For Bonneville and drag raci ng,
we use Torco racing oil. V& rec-
omend that you use what has
been working well for you in the
past .
In addition to high grade ail,

engi ne | ongevity can be prol onged
by changing oil on a regul ar

basi s. Many of our custoners
who change oil regularly (usual -
ly from200 to 800 mles

bet ween changes) report terrific
engine/piston life. If cost is a
factor, we reconmend that you at
least change the oil after the first
100 mles of new engi ne break-
in. Ater that, try and change ol
every 1000 or so mles.

Gasoline octane rating is criti -
cal toanengine's life and peak
performance too. As a rule, |ow
octane fuel as well as ol d or bad
gasol i ne burns poorly causi ng
heat and detonation. Gonti nual
detonation wll quickly damage
the pistons, rings, and even the
cylinder heads. Your safest bet is
to burn the highest octane gaso-
line that you can.

Now let’s get back to the
“proper engine break-in.”

The purpose of engine break-in
is toestablish the overall piston,
ring and cylinder wear patterns
W thout causi ng danage to any of
these parts. This “break-in”
usual |y takes from50 to 2000
m | es, depending on the engine
and howit was built.

For a better understandi ng
about engi ne break-in, we shoul d
exanm ne what real |y happens
inside the cylinders during the
break-in peri od.

As the piston travel s up and
down within the cylinder bore,
friction generated fromthe new
piston rings on the freshly bored
cylinder walls causes the edges of
the rings to get extrenely hot.
This process is necessary to
properly “seat” the rings, pis-
tons and cylinder wall nating
surfaces. If they get too hat, they
begin to wear excessively and
prevent the seating process from



taking place. The result is hot
conbusti on gases bl ow by the
rings down the piston skirts. As
this “bl owby” increases, the
pi stons, piston rings and the
surroundi ng cylinder walls get
hotter and hotter. The heat liter -
ally burns and dries the oil film
on the cylinder walls faster than
the lubrication system can
replenish it. The key word here
is heat, because if it continues
unchecked, scuffing occurs
between the cylinder wal ls and
the piston skirts. As the piston
skirts get hotter, the piston

begi ns to expand causi ng nore
friction and nore heat. This
vicious circle continues until the
piston gets too large for the
cylinder bore; the piston skirts
begin tonelt and stick to the
cylinder walls; the skirts becone
galled and the pistons seize in the
cylinders. Destruction of a piston
can literally take place in sec-
onds.

Suffed pistons due to extrene
heat can nornal |y be avoi ded by
running the engine at various
speeds during the break-in peri -
od, rather than naintaining a
constant rpm By gently increas-
ing and decreasi ng engi ne rpm
heat bui | dup between the pistons
and cylinder walls becones nore
tolerable as oil is replenished to
reduce friction and cool the nat -
ing surfaces. Be sure that the
tine of accelerationis not too
long. Several short bursts are
adequat e to generate enough heat
to assure proper piston ring
seating while not harming the
engi ne.

It isasoinportant not to lug the
engi ne. Luggi ng an engi ne neans
putting the engi ne under an
extrenely stressful |oad. A common
vay tolug anengine is to operate it
at an extrenely | ow rpmwhile the
transmission is in a higher gear
(for instance, leaving the trans-
mssion in fourth gear when it
shoul d be in second or third where
engi ne speed is better natched to
transnissi on speed). Luggi ng caus-
es extrene stress between the rear

thrust faces of each piston and the

cylinder valls. Sl bits of piston

skirt can break away causing the
rear surface to scuff. The best
prevention for |ugging an engi ne

(either odor new is to downshift

to a |l oner gear where the engi ne

runs nore freely, and the trans-
nssi on assists the engine in deliv-
ering peak power to the rear

wheel .

Vel |, that should doit. To sum
nari ze what we' ve tal ked about,
here is the sequence we recom
nend for “proper engine break-
in:

1 Ft the pistons on the tight
side of the reconmended fit -
ting range.

2. Wse good general engi ne
assenbly habits, keeping in
mnd the earlier points we
di scussed, including ignition
timng, carburetion and nain-
t enance.

3.Onintid engine startup, don't
just gt and ide the not or
whi | e you admi re your wor k
or tinker with m nor adjust -
nments. Heat buildup & this
poi nt can be excessi ve.

4. The first 50 mles are the
nost critical for new rings
and piston break-in. Mst
engine danage Wil initially
occur during this period.
Renenber that if proper ring
seating does not take place, the
resultant blowby wll set the
stage for possible future dam
age because there won't be
sufficient oil on the cylinder
wal |'s for proper |ubrication.
S0 keep the heat down by not
exceedi ng 2500 rpm And vary
the speed.

5. The next 500 miles shoul d be
spent running the engi ne no
faster than 3500 rpm or
about 50-55 nph. Do not |ug
the engine and continue to vary
the speed.

6. to 1000 mles, the speed can
be run up to 60 to 70. Gontinue
torunthe engine a dfferent
speeds including the | over 40
45 nph ranges. Wen the 1000
mle nark is reached, nost

Bval ution engi nes shoul d be bro-
ken in. Bvo ution engines tend to
run sligntly cooler, and there-
fore do not require as long a
break-in period as earlier

engi nes using iron cylinders.

7. From 1000 to 2000 m | es
basi cal |y use the sane proce-
dures as before, but you can
be alittle nore liberal wth
the rpmrange. Avoid over -
heating the engine and putting
any hard strain onit (drag
racing, trailer towng, sidecar
operation).

8. 2000 mles and up, have fun!

Just renenber, while our rec-
ommendat i ons sound good and
nornmal Iy work, there is no cook
book formula for proper engine
break-in. Conmon sense and
know ng what is real ly happeni ng
i nside those cylinders are the
best tools for break-in.

W at KSrealize that after
riding a stocker, a S dew nder or
Sroker feels very strong and the
tenptation to “turn it on” is
overwhel mng, even hard to
resist. If this urge torunthe
engi ne hard overcones you
before engi ne break-in is com
pl eted, extensive engi ne danage
can result. The obvious way to
hel p prevent sticking the pistons
istogive thema loose fit which
natural ly wll detract sonewhat
frompiston life and quiet run-
ning. This nay be the best route
to followfor those riders who
want to go fast immediately. Keep
in mnd though, even loosely fit
pi stons should be all oned at | east
50 to 100 mles of break-in for
ring seating purposes. And, pis-
tons and rings fit in this nanner
w1l have to be changed nore
frequently.

Happy not ori ng.
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