Motoman

No Synthetic Oil - Because while about 80% of the ring sealing takes place in the first hour of running the engine, 
the last 20% of the process takes a longer time. Street riding isn't a controlled environment, so most of the mileage may 
not be in "ring loading mode". Synthetic oil is so slippery that it actually "arrests" the break in process before the rings can seal completely. I've had a few customers who switched to synthetic oil too soon, and the rings never sealed properly no matter how hard they rode. Taking a new engine apart to re - ring it is the last thing anyone wants to do, so I recommend a lot 
of mileage before switching to synthetic. It's really a "better safe than sorry" situation.

Change oil after the first 20 miles

 Warm the engine up completely

 The main thing is to load the engine by opening the throttle hard in 2nd, 3rd and 4th gear. 

The best method is to alternate between short bursts of hard acceleration and deceleration.

 For the first 200 miles or so, get out into the country where you can vary the speed more and run it through the gears ! 

 The best thing you can do for your engine is to change your oil and filter after the first 20 miles. Most of the wearing in process happens immediately, creating a lot of metal in the oil. Plus, the amount of leftover machining chips and other crud left behind in the manufacturing process is simply amazing !! You want to flush that stuff out before it gets recycled and embedded in the transmission gears, and oil pump etc...

http://member.rivernet.com.au/btaylor/BMWText/technical/EngineBreakInPeriod.html

This is the procedure used to break in my motor. These guidelines were

given to me by several very experienced builders.

Do not break in an engine on Synthetic oil!

Don't cruise for extended periods, vary the load on the engine.

Vary rpms for first 1000 miles and keep

under 4k rpms, <700 miles

under 5k rpms, 700-800 miles

under 6k rpms, 800-900 miles

under 7k rpms, 900-1000 miles

Change the oil and filter after 600-1000 miles still staying with a

conventional. Switch to a synthetic after 4-5K miles.

The Practice. For the first 100 miles, only take short trips of <15 minutes. Do not rev above about 3500 rpm. Use full throttle in short (2-3 second) bursts at low rpms (say 2500) - 5th gear on the freeway is ideal for this. Do not do more than one full-throttle burst in the same 2-minute period. Avoid driving for more than 2-3 minutes at the same rpm - if you are on the freeway, vary your speed and alternate between 5th and 4th gears.
>From 100-500 miles, increase the peak RPM you reach by 200 rpm each time you drive the car (but don't go higher than redline). Do not rev to your new peak under heavy throttle; instead, let the engine drift up to the rpm under light load. For instance, pulling away from a stoplight, leave the engine in first and accelerate lightly until you reach the desired RPM, then shift. Continue the full-throttle-burst procedure. Do not rev the engine high under full throttle, and do not do either the peak-revving or the full-throttle procedure more often than once a minute. Avoid driving for more than 5 minutes at any one rpm - again, alternating between two adjacent gears and varying your speed will work.
You will notice that each time you reach a new peak rpm, the engine will be quite loud at that rpm, but after a few runs up it will quiet down. This is a sign that the break-in is proceeding well. You will want to have revved the engine to 6500(5500) rpm a few times by the time you reach 500 miles. At that point I recommend you change the oil, as most of the metal wear and contaminants from break-in are released in the first 500 miles.
>From 500-3000 miles (the extended break-in) you can operate your engine fairly normally. Most of the work is done. You should still run the engine at higher RPMs on a regular basis (assuming you don't in the normal course of driving ;-) ) and you should avoid prolonged high-speed/high-stress operation, like racing or cruising at 110 mph.
I personally change the oil after 1500 miles since it will be dirtier at that point that it would be after 3000 miles of post-break-in operation, but it isn't critical. Be sure to change it at 3000 miles, however. Although there is some difference of opinion on what KIND of oil to use during break-in, the general consensus is to use normal (non-synthetic) oil of the recommended weight (5- or 10-30).
>From 3000 miles onward, your engine is considered broken in. It will probably continue to "loosen up" a bit over the next 3000-6000 miles, so look for a small increase in gas mileage. Other than that, your engine is now be ready for a long and productive life. Enjoy!
 ***** BEGIN TECHNICAL SECTION ***** [Some of this is what I remember from articles I have read and discussions. I cannot vouch for the complete accuracy of what follows, but I believe it to be essentially correct. If you *must* flame me, please do so in private unless you think I've made a mistake which everyone need to know about to avoid doing something unpleasant to their car]
The Theory. The primary goals of engine break-in are: 1) achieving a good seal between the piston rings and cylinder walls, and 2) allowing the engine to operate correctly throughout its RPM range. The major enemy during the break-in period is localized heat buildup, mainly in bearing surfaces (most notably the crankshaft bearings).
Initial state: When the engine is machined at the factory, many wearing surfaces (places where parts rub against each other - cylinder walls, bearings, etc) are purposely machined more roughly than they could be. The reason for this is that it allows the engine to complete the machining/polishing as it operates, thus allowing for the individual variations inherent in any manufacturing process. This wearing process, when complete, produces parts which will fit together with very tight tolerances. However, the process also involves a great deal of friction, which in turn means a great deal of heat. As metal parts heat, they expand slightly. If the expansion goes beyond a certain point, the parts will tend to bind with and/or score each other. This must be avoided.
[To put this in plain english, the parts which rub against each other are left a bit rough, and as the engine runs the parts will scrape against each other until they wear down a bit and have a proper fit.
While they're still in the process of scraping, they can get very hot; if they get too hot, they will damage each other in a permanent way.]
Since this sort of heat buildup is very localized, it will not show up on the engine temperature gauge. Therefore, it is important to operate the engine in such a way that the heat buildup will not reach a dangerous level. More on this later.
Stress and Variation: Although the engine parts are metal and, as a rule, quite rigid, they are still subject to slight deformation when stress is applied. The largest stress in a piston engine is that produced by reciprocating parts. The forces involved increase with the square of the RPM. Any deformation will necessarily involve a change in some tolerances inside the engine. Thus, in order for the engine to operate properly over a range of RPMs, it is important that it be exercised over this range during the break-in process so that the wearing parts will experience the range of tolerances they will be subjected to during normal (post-break-in) operation. Further, for the wearing surfaces of reciprocating parts (most notably the piston ring/ cylinder wall interface) operation at a single RPM for an extended period of time will cause the machining process to progress significantly further within the confines of the part's range of travel without progressing at the point just outside that range, thus building up a small ridge of metal just above the point of maximum excursion.
[In order for your engine to run well from 1000 to redline, you need to operate it at all those rpms while it is breaking in. If you don't, the parts won't be used to working at the rpms you neglected, and they won't work as well at those speeds]
Piston Ring Sealing: The seal between the piston ring and the cylinder wall is crucial to getting good economy and performance from the engine. A bad seal will allow more blow-by, reducing the amount of power the engine can produce with each power stroke and thus reducing both its horsepower and fuel economy, as well as allowing combustion gasses to get into the crankcase and contaminate the oil AND allowing oil to get into the combustion chamber and be burned, producing the characteristic blue-smoke-from-the-tailpipe syndrome (note that oil can also get into the combustion chamber via the valve stem guides, but that's not something we can do much about during break-in). The key to getting a good piston ring seal is high combustion chamber pressures. Embarrassingly, I don't know why (can someone fill me in?). High combustion chamber pressure is produced under hard acceleration; also, the lower the RPM the longer that pressure is maintained during each power stroke. SO - to get a good piston ring seal, hard acceleration at low RPMs will give the best results.
Since hard acceleration also produces more heat and more stress (leading to friction and still MORE heat), it should only be used in brief bursts, followed by a couple of minutes of "normal" low-stress operation to allow the heated parts to cool down.
Localized Heat Buildup: As previously mentioned, wearing parts will produce inordinate amounts of heat as they polish each other. This produces local points of intense heat inside the engine, with temperatures far higher than the engine as a whole (which shows up on the temperature gauge) or even of the surrounding parts. The most susceptable points in an engine for this kind of heat buildup are the crankshaft bearings, which must withstand enormous stress and pressure. If the bearings are allowed to get too hot, they will expand to the point of scoring each other or (*gulp*) binding, producing a spun bearing. During the initial stages of engine break-in, there is no satisfactory way of keeping these bearings cool during even mild engine operation except to turn the engine off after every 10-15 minutes of operation and allow the bearings to cool down.
The theory I have outlined about should now be sufficient to explain the "practice" section of the break-in instructions. For the first 100 miles, keep the rpms low and the trips short to minimize the stresses and heat buildup in the bearings, and use short full-throttle bursts to seal the piston rings. From 100-500 miles, gradually increase the RPMs to allow the wearing surfaces to correctly mate, and continue using full-throttle bursts to ensure ring sealing. Use cooling periods (the 1-minute rule) to minimize the heat buildup produced by the high RPM operation and the full throttle bursts. At 500 miles, change the oil to flush out all the metal particles produced by the wearing process.
I hope everyone finds this information useful. If you have comments which are of general interest, please post them - if you just want to flame me for making a mistake, please email me so that we don't make everyone endure a huge firestorm. I should also note that I practice what I preach - at 7000 miles my CBR is more powerful than anyone else's I have ridden and its oil is clean after 2000 miles of operation, while my Saturn SL2 at 10,000 miles is getting 29 mpg overall and consumes no oil at all.
Tips for Spark-Ignition Engine Break-In

By Jeff Lucius

A break-in period is required when an engine is new or whenever the cylinder walls have been re-conditioned to accept new piston rings. An engine break-in "seats" the piston rings against the cylinder walls to minimize both oil consumption and blow-by of combustion gases. The cylinder walls are honed with abrasive stones to produce a "cross-hatch" surface that consists of microscopic peaks and valleys (see figure 1). During a proper break-in, the sharp peaks are flattened by interaction with the rings while the valleys are left intact. The flattened peaks provide a bearing surface for the piston rings to seal against cylinder walls, while the valleys provide an oil reservoir for lubrication. 

	[image: image6.jpg]




	Figure 1. Graphical presentation of the microscopic surface of the cylinder wall.


If the break-in is not performed correctly, the peaks can remain sharp allowing excessive oil retention in the valleys or the peaks may "roll over" into the valleys (glazing) preventing necessary oil retention. Blow-by occurs when the hot combustion gases and combustion by-products go past the rings and into the crankcase section of the engine. When blow-by is minimized, the engine runs cooler, cleaner, and more efficiently. When blow-by is excessive (when the rings are not seated properly or when the rings are worn), engine oil becomes contaminated with combustion gases and by-products and the pressurized crankcase causes oil vapor to be expelled through the crankcase ventilation system into the atmosphere or air intake system. Oil consumption will be increased also if the peaks are not flattened during break-in. The excess oil filling the "valleys" in the cylinder wall is burned every combustion stroke.

So what is the proper break-in procedure for rings and how long does it take? First, there may be other concerns that should be considered when first firing-up a new engine, such as lubrication to the bearings, timing, and valve adjustments. Otherwise, the generally accepted procedure is as follows. Fill the engine with the appropriate amount of 10W30-weight, petroleum-based oil. Start the engine and let it run for about 20 minutes at low (about 2000) RPM. Drain the oil while it's hot and inspect the oil for metal particles. There should be no chunks of aluminum, brass, iron, or steel. Refill with oil (see below for type) and drive the car (after any other considerations have been addressed) for 500 miles and drain the oil again. During those first 500 miles, the loading on the rings should be moderate and varying. This is accomplished by varying speeds (no long-distance constant speeds, especially full-throttle) and occasionally increasing the cylinder pressures by quick acceleration or full-throttle uphill climbs. Stay away from redline though. If very-hard rings are used with hard cylinder liners (which are not used in the Mitsubishi 6G72 cast-iron block), the full break-in period may take longer than 500 miles.

What type of oil should be used for break-in? I, along with most people, use a 10W30- or 10W40-weight petroleum-based oil. However, there has been some discussion concerning the use of synthetic oil for break-in. To address this I have included the articles below from recent Road & Track issues. After the break-in period I started using fully-synthetic Mobil 1 10W30 in my rebuilt Dodge Stealth twin-turbo engine.



Using synthetic-oil in engine break-ins
By Road & Track, Technical Correspondence Column, July 2000 issue

Many readers have questioned us on engine break-in procedures when using synthetic oil. Conventional wisdom has it that a new or freshly rebuilt engine should be broken in using mineral oil, then, once enough mileage has accumulated to ensure rings and cylinder walls have lapped themselves into harmony, synthetic oil can be used.

Readers have correctly pointed out that several major brands come from the factory with synthetic oil, among these being Corvette, Mercedes-Benz and Viper. How can these engines break-in if run on synthetic oil from day one, they ask?

To find out, we spoke with Mobil and Redline Oil companies for their take on the synthetic break-in question. Mobil's response was that engines break-in just fine on synthetics, and that any wear point in the engine significant enough to be an interference, and thus susceptible to rapid wear, would be a wear point no matter what lubricant is used.

Redline, on the other hand, has found it best to recommend a mineral oil break-in. Occasionally an engine will glaze its cylinder walls when initially run on Redline, they say, so by using a mineral oil for 2000 miles, verifying there is no oil consumption and then switching to the synthetic, glazing is eliminated.

Cylinder-wall glazing is not a deposit left on the cylinder wall, but rather a displacement of cylinder-wall metal. This happens when the high spots of the cylinder wall crosshatch are not cut or worn off by the piston rings, but rather rolled over into the valleys or grooves of the crosshatch. This leaves a surface that oil adheres to poorly, against which the rings cannot seal well. Compression is lost and oil consumed, and the only cure is to tear down the engine to physically restore the cylinder-wall finish by honing.

Why is glazing not a problem for the major manufacturer? Because they have complete, accurate control over their cylinder-wall finish and ring type. Redline deals with a huge variety of engines and manufacturers, both OEM and from the aftermarket. Cylinder-wall finish and ring type thus vary greatly, and glazing can therefore occur, albeit rarely.

While we were at it, we queried about synthetic oil-change intervals. Mobil says to use the maximum change interval specified by the engine manufacturer, regardless of oil type. Redline said that once past an OEM warranty, anywhere from 10,000 to 18,000 miles, or one year, whichever comes first, is appropriate depending on conditions (dust, short trips). They also recommend changing just the oil filter at 6000 to 7000 miles as a precaution against overloading the filter. Redline further noted a caution when using synthetics with leaded fuels, as synthetics do not hold lead in suspension as well as mineral oil. Aviation is one area where leaded fuel is still widespread, and avgas is often used by off-road and racing enthusiasts, so a relatively short oil change interval may thus be indicated.



Synthetic Break-in
By Tom Wilson
Road & Track, Technical Correspondence Column, November 2001 issue 

Exxon/Mobil's official policy is that their synthetic oil may be used at any mileage, including factory fill, unless otherwise stated by the vehicle manufacturer. Mobil pointed out, as you did, that all Corvettes, Vipers, Porsches and Aston Martins are factory filled with Mobil 1 synthetic. We can only conclude that improvements in cylinder-wall finish and ring design or materials makes this possible.

It is also likely that vehicle manufacturers not using synthetics as the factory fill are also not optimizing their cylinder and ring packages for the slippery sythetics, in which case approximately 1000 miles on mineral oil should prove ample break-in time. In fact, in modern engines a very high percentage of ring break-in takes place very quickly, probably in the first 10 to 20 minutes of engine running. Certainly, some final lapping of the rings and cylinders takes place over several hundred miles after initial break-in.

Just to add some confusion, Porsche dynos all of its engines before installing them in the chassis. We were unable to determine what oil is used for the dyno session, but would presume it's Mobil 1

New or Rebuilt Engine Break-in Procedure

A recommended engine break-in procedure.
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            This is a summation of many articles on the subject found on the internet. Some of the information is from MOTORCYCLIST Feb. 1991, titled GIVE IT A BREAK-IN (How to make your bike run stronger and live longer), and some is from a Textron Lycoming "Key Reprint" article.

            The first few hundred miles of a new engine's life have a major impact on how strongly that engine will perform, how much oil it will consume and how long it will last. The main purpose of break-in is to seat the compression rings to the cylinder walls. We are talking about the physical mating of the engine's piston rings to it's corresponding cylinder wall. That is, we want to physically wear the new piston rings into the cylinder wall until a compatible seal between the two is achieved.

            Proper engine break in will produce an engine that achieves maximum power output with the least amount of oil consumption due to the fact that the piston rings have seated properly to the cylinder wall. When the piston rings are broken in or seated, they do not allow combustion gases to escape the combustion chamber past the piston rings into the crankcase section of the engine. This lack of "blow-by" keeps your engine running cleaner and cooler by preventing hot combustion gases and by-products from entering the crankcase section of the engine. Excessive "blow-by" will cause the crankcase section of the engine to become pressurized and contaminated with combustion gases, which in turn will force normal oil vapors out of the engine's breather, causing the engine to consume excessive amounts of oil.

            In addition to sealing combustion gases in the combustion chamber, piston rings must also manage the amount of oil present on the cylinder walls for lubrication. If the rings do not seat properly, they cannot perform this function and will allow excessive amounts of oil to accumulate on the cylinder wall surfaces. This oil is burned each and every time the cylinder fires. The burning of this oil, coupled with "blow-by" induced engine breathing, are reasons that an engine that hasn't been broken in will consume more than its share of oil.

            When a cylinder is new or overhauled the surface of it's walls are honed with abrasive stones to produce a rough surface that will help wear the piston rings in. This roughing up of the surface is known as "cross-hatching". A cylinder wall that has been properly "cross hatched" has a series of minute peaks and valleys cut into its surface. The face or portion of the piston ring that interfaces with the cross hatched cylinder wall is tapered to allow only a small portion of the ring to contact the honed cylinder wall. When the engine is operated, the tapered portion of the face of the piston ring rubs against the coarse surface of the cylinder wall causing wear on both objects.

            Each tiny groove acts as the oil reservoir holding oil up to the top level of the groove where it then spreads over the peak surface. The piston ring must travel up and down over this grooved surface, and must "hydroplane" on the oil film retained by the grooves. Otherwise, the ring would make metal-to-metal contact with the cylinder wall and the cylinder would quickly wear out.

            However the ring will only ride on this film of oil if there is sufficient surface area to support the ring on the oil. When the cylinders are freshly honed the peaks are sharp with little surface area. Our goal when seating the rings on new steel cylinders is to flatten out these peaks to give more surface area to support the rings, while leaving the bottom of the groove intact to hold enough oil to keep the surface of the cylinder wet with oil. See illustration. At the point where the top of the peaks produced by the honing operation become smooth and the tapered portion of the piston ring wears flat break in has occurred.

            When the engine is operating, a force known as Break Mean Effective Pressure or B.M.E.P is generated within the combustion chamber. B.M.E.P. is the resultant force produced from the controlled burning of the fuel air mixture that the engine runs on. The higher the power setting the engine is running at, the higher the B.M.E.P. is and conversely as the power setting is lowered the B.M.E.P. becomes less.

            B.M.E.P is an important part of the break in process. When the engine is running, B.M.E.P. is present in the cylinder behind the piston rings and it's force pushes the piston ring outward against the coarse honed cylinder wall. Piston rings are designed to take advantage of the pressure and us it to push the rings out against the cylinder wall. Therefore, as pressure builds during the compression stroke, the rings are pushed harder against the cylinder wall which aids in seating the rings.

            The higher the B.M.E.P, the harder the piston ring is pushed against the wall. The surface temperature at the piston ring face and cylinder wall interface will be greater with high B.M.E.P. than with low B.M.E.P. This is because we are pushing the ring harder against the rough cylinder wall surface causing high amounts of friction and thus heat. The primary deterrent of break in is this heat. Allowing to much heat to build up at the ring to cylinder wall interface will cause the lubricating oil that is present to break down and glaze the cylinder wall surface. This glaze will prevent any further seating of the piston rings. If glazing is allowed to happen break in will never occur. Also, if too little pressure (throttle) is used during the break-in period glazing will also occur.

            Most people seem to operate on the philosophy that they can best get their money's worth from any mechanical device by treating it with great care. This is probably true, but in many cases it is necessary to interpret what great care really means. This is particularly applicable when considering the break-in of a modern, reciprocating engine.

            For those who still think that running the engine hard during break-in falls into the category of cruel and unusual punishment, there is one more argument for using high power loading for short periods (to avoid excessive heat) during the break-in. The use of low power settings does not expand the piston rings enough, and a film of oil is left on the cylinder walls. The high temperatures in the combustion chamber will oxidize this oil film so that it creates glazing of the cylinder walls. When this happens, the ring break-in process stops, and excessive oil consumption frequently occurs. The bad news is that extensive glazing can only be corrected by removing the cylinders and rehoning the walls. This is expensive, and it is an expense that can be avoided by proper break in procedures.

            We must achieve a happy medium where we are pushing on the ring hard enough to wear it in but not hard enough to generate enough heat to cause glazing. Once again, if glazing should occur, the only remedy is to remove the effected cylinder, re-hone it and replace the piston rings and start the whole process over again.

            We asked four top motorcycle engine builders what they do to ensure peak power output and optimum engine life. Here is a capsulation of their responses.

            "If the wrong type of oil is used initially, or the break-in is too easy, rings and cylinders could (read will) glaze and never seal properly. A fresh cylinder wall needs some medium to high engine loading to get the piston rings to seat properly for good compression but make sure you don't lug or overheat the engine. Use high quality, low viscosity oil (Valvoline 30 weight), no synthetics, too slippery. If synthetics are used during initial break in the rings are sure to glaze over.

            An engine's initial run should be used to bring oil and coolant (air, oil, and/or water) up to operating temperature only, with little or no load, then shut down and allowed to cool to ambient temperature. This is important. After each run the engine needs to completely cool down to ambient temperature. In Texas, especially in the summer, that's still pretty hot. After a cool down period, start it up again and take the motorcycle for it's fist ride (you hope).

            This time give the engine light loads at relatively low rpm and stay out of top gear. Lugging the engine, i.e., low RPM with a lot of throttle (manifold pressure), is more detrimental than high rpm. Another key is too constantly vary engine load during the entire break-in period. A constant load is not ideal for breaking in bearing tolerances. This second run should last only 10-15 minutes before another complete cool down.

            The third run should see slightly higher rpm with light to medium power loading using short bursts of acceleration to help seat the rings. Again 10-15 minutes of running should do it and again avoid top gear. A forth run should consist of light to medium engine loads with a few more bursts of medium-high rpm, and lasting just 10-15 minutes varying the engine load and again avoiding top gear. Next while the engine is still warm drain the oil and change the filter. This gets out the new metal particles that are being worn away. Most of the metal particles will break away within the first 50 -75 miles. To ensure the rings seat well, use the same high quality oil and don't be shy about short duration high rpm blasts through the lower gears after the oil has been changed.

            A few more 15-20 minute sessions should be used to work up to the engine's redline gradually increasing the engine loads. After some definite hard running and 250-500 miles it's a good idea to check the valves. After 500 miles re-torqueing the head is suggested. Switch to synthetic oil but not before 500-1500 miles. Most of the engine experts warned of the danger of breaking in the engine too easily and ending up with an engine that will always run slow whether it is from tight tolerances, inadequate ring seal or carbon buildup. Engine load is more detrimental than rpm because of the head created internally, so avoid lugging the engine but rev it freely especially in the lower gears. Basically, be sure not to get it too hot but be sure to seat the rings properly.

            So that's it, sure a lot different than keeping under 4000 rpm for 500 miles then under 5000 rpm for 1000 miles. Maybe bike manufacturers are being super cautious at the expense of your motor's performance? I think that they take the cautious route that works over time (1000 miles, or about 20 hours of break in) versus a faster route that can be more easily screwed up."

The Theory

The primary goals of engine break-in are: 1) achieving a good seal between the piston rings and cylinder walls, and 2) allowing the engine to operate correctly throughout its RPM range. The major enemy during the break-in period is localized heat buildup, mainly in bearing surfaces (most notably the crankshaft bearings).

Initial state: When the engine is machined at the factory, many wearing surfaces (places where parts rub against each other – cylinder walls, bearings, etc) are purposely machined more roughly than they could be. The reason for this is that it allows the engine to complete the machining/polishing as it operates, thus allowing for the individual variations inherent in any manufacturing process. This wearing process, when complete, produces parts which will fit together with very tight tolerances. However, the process also involves a great deal of friction, which in turn means a great deal of heat. As metal parts heat, they expand slightly. If the expansion goes beyond a certain point, the parts will tend to bind with and/or score each other. This must be avoided.

[To put this in plain english, the parts which rub against each other are left a bit rough, and as the engine runs the parts will scrape against each other until they wear down a bit and have a proper fit. While they're still in the process of scraping, they can get very hot; if they get too hot, they will damage each other in a permanent way.]

Since this sort of heat buildup is very localized, it will not show up on the engine temperature gauge. Therefore, it is important to operate the engine in such a way that the heat buildup will not reach a dangerous level. More on this later.

Stress and Variation: Although the engine parts are metal and, as a rule, quite rigid, they are still subject to slight deformation when stress is applied. The largest stress in a piston engine is that produced by reciprocating parts. The forces involved increase with the square of the RPM. Any deformation will necessarily involve a change in some tolerances inside the engine. Thus, in order for the engine to operate properly over a range of RPMs, it is important that it be exercised over this range during the break-in process so that the wearing parts will experience the range of tolerances they will be subjected to during normal (post-break-in) operation. Further, for the wearing surfaces of reciprocating parts (most notably the piston ring/ cylinder wall interface) operation at a single RPM for an extended period of time will cause the machining process to progress significantly further within the confines of the part's range of travel without progressing at the point just outside that range, thus building up a small ridge of metal just above the point of maximum excursion.

[In order for your engine to run well from 1000 to redline, you need to operate it at all those rpms while it is breaking in. If you don't, the parts won't be used to working at the rpms you neglected, and they won't work as well at those speeds] 

Piston Ring Sealing: The seal between the piston ring and the cylinder wall is crucial to getting good economy and performance from the engine. A bad seal will allow more blow-by, reducing the amount of power the engine can produce with each power stroke and thus reducing both its horsepower and fuel economy, as well as allowing combustion gasses to get into the crankcase and contaminate the oil AND allowing oil to get into the combustion chamber and be burned, producing the characteristic blue-smoke-from-the-tailpipe syndrome (note that oil can also get into the combustion chamber via the valve stem guides, but that's not something we can do much about during break-in). The key to getting a good piston ring seal is high combustion chamber pressures. High combustion chamber pressure is produced under hard acceleration; also, the lower the RPM the longer that pressure is maintained during each power stroke. SO - to get a good piston ring seal, hard acceleration at low RPMs will give the best results. Since hard acceleration also produces more heat and more stress (leading to friction and still MORE heat), it should only be used in brief bursts, followed by a couple of minutes of "normal" low-stress operation to allow the heated parts to cool down.

Localized Heat Buildup: As previously mentioned, wearing parts will produce inordinate amounts of heat as they polish each other. This produces local points of intense heat inside the engine, with temperatures far higher than
the engine as a whole (which shows up on the temperature gauge) or even of the surrounding parts. The most susceptable points in an engine for this kind of heat buildup are the crankshaft bearings, which must withstand enormous stress and pressure. If the bearings are allowed to get too hot, they will expand to the point of scoring each other or (*gulp*) binding, producing a spun bearing. During the initial stages of engine break-in, there is no satisfactory way of keeping these bearings cool during even mild engine operation except to turn the engine off after every 10-15 minutes of operation and allow the bearings to cool down.

The theory I have outlined about should now be sufficient to explain the "practice" section of the break-in instructions. For the first 100 miles, keep the rpms low and the trips short to minimize the stresses and heat buildup in the bearings, and use short full-throttle bursts to seal the piston rings. From 100-500 miles, gradually increase the RPMs to allow the wearing surfaces to correctly mate, and continue using full-throttle bursts to ensure ring sealing. Use cooling periods (the 1-minute rule) to minimize the heat buildup produced by the high RPM operation and the full throttle bursts. At 500 miles, change the oil to flush out all the metal particles produced by the wearing process.


The Practice

For the first 100 miles, only take short trips of <15 minutes. Do not rev above about 3500 rpm. Use full throttle in short (2-3 second) bursts at low rpms (say 2500) - 5th gear on the freeway is ideal for this. Do not do more than one full-throttle burst in the same 2-minute period. Avoid driving for more than 2-3 minutes at the same rpm - if you are on the freeway, vary your speed and alternate between 5th and 4th gears.

From 100-500 miles, increase the peak RPM you reach by 200 rpm each time you drive the car (but don't go higher than redline). Do not rev to your new peak under heavy throttle; instead, let the engine drift up to the rpm under light load. For instance, pulling away from a stoplight, leave the engine in first and accelerate lightly until you reach the desired RPM, then shift. Continue the full-throttle-burst procedure. Do not rev the engine high under full throttle, and do not do either the peak-revving or the full-throttle procedure more often than once a minute. Avoid driving for more than 5 minutes at any one rpm - again, alternating between two adjacent gears and varying your speed will work.

You will notice that each time you reach a new peak rpm, the engine will be quite loud at that rpm, but after a few runs up it will quiet down. This is a sign that the break-in is proceeding well. You will want to have revved the engine to 6500(5500) rpm a few times by the time you reach 500 miles. At that point I recommend you change the oil, as most of the metal wear and contaminants from break-in are released in the first 500 miles.

From 500-3000 miles (the extended break-in) you can operate your engine fairly normally. Most of the work is done. You should still run the engine at higher RPMs on a regular basis (assuming you don't in the normal course of driving ;-) ) and you should avoid prolonged high-speed/high-stress operation, like racing or cruising at 110 mph. I personally change the oil after 1500 miles since it will be dirtier at that point that it would be after 3000 miles of post-break-in operation, but it isn't critical. Be sure to change it at 3000 miles, however. Although there is some difference of opinion on what KIND of oil to use during break-in, the general consensus is to use normal (non-synthetic) oil of the recommended weight (5- or 10-30).

From 3000 miles onward, your engine is considered broken in. It will probably continue to "loosen up" a bit over the next 3000-6000 miles, so look for a small increase in gas mileage. Other than that, your engine is now ready for a long and productive life. Enjoy!

__________________

Proper Engine Break-In 
Complements of S&S Cycle 
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When a discussion about engine life of the Harley® engine occurs, the participants, directly or indirectly, are usually talking about how long the pistons survive. At S&S it is no different. Many of the performance kits we offer have engine life ratings based on how long we feel the pistons will last. It is for this reason that "proper engine break-in" is critical and be addressed, because without a good foundation the structure collapses.

The expression "proper engine break-in" is often misunderstood by many riders and enthusiasts. Misunderstanding what "proper engine break-in" means can lead to a variety of mechanical problems, the most common being 'scuffed" or" galled" pistons. While defective parts are sometimes the culprit here, the trouble usually is traced directly to improper break-in. To clarify "proper engine break-in" and minimize damaged pistons, we must first look at a few important related elements. These are: piston fit, engine assembly, ignition timing, carburetion, and engine maintenance. 

Piston Fit - Essentially, piston fit is the measurement, or clearance, between the piston skirt and cylinder walls that enclose it. The object for long piston/engine life is to fit the pistons to as tight a running clearance as possible which allows the pistons to function without generating excessive heat. Basic piston design elements dictate what the running clearance range of a piston will be. Looser than minimum piston fits mean the pistons are free to move around in the cylinder bores more than usual. Tighter fits eliminate these extra movements. Less movement means reduced wear on the skirts and better piston ring life since the rings will have to work less to contain the upper portion of the piston during movement. S&S supplies two fitting ranges for each piston we sell. This is done to accommodate the many riders and riding applications. 

Close fit - Fitting pistons to the minimum side of the clearance range requires accurate assembly procedures - careful measuring of the pistons and precision boring and honing of the cylinders for proper fit. Close fit pistons also require a careful break-in. The minimum side of the clearance range is recommended for the patient street rider who puts a lot of miles on his machine and wants the most out of each engine overhaul. Generally speaking, cast piston types offer the rider better longevity although numerous reports of excellent service from customers using S&S forged pistons have been received. 

Loose fit - S&S "loose fit" specifications give the rider more break-in leeway as they allow him to run the engine at higher rpms sooner without generating significant amounts of extra heat. Less heat means the pistons will be less likely to "seize" in the cylinder bores with the resultant galling. The sacrifices that he makes are: less total miles because the clearance/wear established over many miles of operation is taken away right from the start, poorer piston ring seal and less overall ring life, and more piston noise because the pistons are free to move around more in the cylinders. Looser piston fits are recommended for the rider who desires a minimum of break-in time such as in racing applications. If a lot of racing is intended, the rule of thumb is used forged pistons because they are stronger. As a last word, try to fit the pistons more towards the tight side rather than the loose side. 

Engine Assembly 
While lubrication is important for every motorcycle engine, newly-built motors usually require an extra supply of oil to reduce the friction and heat that occurs during break-in. This is because the "new" surfaces are actually rough. Eventually, after break-in, these surfaces wear smooth, which in turn reduces the amount of friction that causes excessive heat buildup inside a new engine. To insure that the pistons get proper lubrication during the break-in process, the builder must put a crosshatch pattern of fine scratches on the cylinder walls. These tiny grooves act as oil troughs and are put in the cylinder walls by running a honing tool up and down the cylinder bore. S&S has found that a crosshatch pattern with a 60 angle tends to retain oil best. 

Just as proper lubrication is important to piston life during initial break-in, proper piston alignment in the cylinder bore is a key factor that determines an engine's longevity. Correct alignment will assure a better ring seal and longer ring life and minimal thrusting on parts of the piston where thrusting doesn't normally take place. Piston alignment should always be checked. Using a new set of connecting rods which the builder assumes to be straight will not always insure that the pistons will be properly aligned. It is sometimes necessary to "tweak" a new rod to compensate for slight crankcase and cylinder machining deficiencies. We strongly recommend following the rod alignment procedure outlined in our S&S stroker and Sidewinder kit instructions to ensure that the pistons are properly aligned in the cylinder bores. 

Good general engine assembly procedures are a must too. Remember the old saying, "Cleanliness is next to Godliness?" An engine assembly is no exception. Many of the scratches found on pistons after disassembly result from dirt particles that were left in the engine during building. There is no substitute for a clean engine assembly. And for cleaning individual parts before assembly, nothing beats plain soap and water for removing dirt. 

Ignition Timing 
Excessive heat in a new engine will ultimately destroy the pistons if allowed to build up. Improper ignition timing can cause additional heat. During initial break-in of a new engine, be sure the engine is timed correctly. We recommend using factory stock ignition timing specifications at the start. Later, after the engine is broken in and heat has become less of a factor; you can experiment. The final ignition timing setting usually depends on the modifications done to the engine, the way the motorcycle will be used and the grade of gasoline available. 

Carburetion 
Another way to offset heat in a new engine is with slightly rich carburetor jetting. Richer mixtures burn cooler. Conversely, a carb with a lean mixture can destroy new pistons (as well as a few older ones), because lean jetting will cause the mixture in the combustion chamber to burn "hotter." If there is any question about the carb's fuel/air mixture, remember that it is better to jet slightly rich than too lean. The rich/lean question is especially critical for engines that are equipped with sophisticated high performance carburetors. Frequently these types of carbs, especially when installed on high performance, big inch H-D engines, have leaner jetting for optimum performance. If you have made some performance changes in your engine and intend to use the stock carb, always check the jetting. If you are going to use an aftermarket carburetor; find out what jetting is installed. Inform the carb manufacturer about your engine modifications, and then ask their recommendations about jetting. Ask if they have actually performed tests using their carburetors on engines similar to yours. Obviously, you don't want your newly assembled 96 cubic inch Evo Sidewinder to be their "guinea pig." A meticulously assembled engine, even with proper break-in procedures, will be ruined quickly with too lean a carburetor jetting. Be certain of your carb and its jetting so it won't be a problem during and after break-in. 

Engine Maintenance 
The first rule for proper engine maintenance is to use a good air cleaner that actually filters the air. It is amazing how much junk and foreign matter a non-filtered carburetor will suck in. The second rule is to keep the engine's internal parts clean and well lubricated, use high quality motor oil and change it often. We have used Aero Shell (grade 100, 50 weight), Valvoline Racing oil (50 weight), and of course Harley® oil, all with success in most of our S&S street engines. For Bonneville and drag racing, we use Torco racing oil. We recommend that you use what has been working well for you in the past. In addition to high grade oil, engine longevity can be prolonged by changing oil on a regular basis. Many of our customers who change oil regularly (usually from 200 to 800 miles between changes) report terrific engine/piston life. If cost is a factor, we recommend that you at least change the oil after the first 100 miles of new engine break-in. After that, try and change oil every 1000 or 50 miles. 

Gasoline octane rating is critical to an engine's life and peak performance too. As a rule, low octane fuel as well as old or bad gasoline burns poorly causing heat and detonation. Continual detonation will quickly damage the pistons, rings, and even the cylinder heads. Your safest bet is to burn the highest octane gasoline that you can. 

Now, let's get back to the "proper engine break-in": The purpose of engine break-in is to establish the overall piston, ring and cylinder wear patterns without causing damage to any of these parts. This "break-in" usually takes from 50 to 2000 miles, depending on the engine and how it was built. For a better understanding about engine break-in, we should examine what really happens inside the cylinders during the break-in period. As the piston travels up and down within the cylinder bore, friction generated from the new piston rings on the freshly bored cylinder walls causes the edges of the rings to get extremely hot. This process is necessary to properly "seat" the rings, pistons and cylinder wall mating surfaces. If they get too hot, they begin to wear excessively and prevent the seating process from taking place. The result is hot combustion gases blow by the rings down the piston skirts. As this "blow-by" increases, the pistons, piston rings and the surrounding cylinder walls get hotter and hotter. The heat literally 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 walls and the piston skirts. As the piston skirts get hotter, the piston begins to expand causing more friction and more heat. This vicious circle continues until the piston gets too large for the cylinder bore; the piston skirts begin to melt and stick to the cylinder walls; the skirts become galled and the pistons seize in the cylinders. Destruction of a piston can literally take place in seconds.

Scuffed pistons due to extreme heat can normally be avoided by running the engine at various speeds during the break-in period, rather than maintaining a constant rpm. By gently increasing and decreasing engine rpm, heat buildup between the pistons and cylinder walls becomes more tolerable as oil is replenished to reduce friction and cool the mating surfaces. Be sure that the time of acceleration is not too long. Several short bursts are adequate to generate enough heat to assure proper piston ring seating while not harming the engine. It is also important not to lug the engine. Lugging an engine means putting the engine under an extremely stressful load. A common way to lug an engine is to operate it at an extremely low rpm while the transmission is in a higher gear (for instance, leaving the transmission in fourth gear when it should be in second or third where engine speed is better matched to transmission speed). Lugging causes extreme stress between the rear thrust faces of each piston and the cylinder walls. Small bits of piston skirt can break away causing the rear surface to scuff. The best prevention for lugging an engine (either old or new) is to downshift to a lower gear where the engine runs more freely, and the transmission assists the engine in delivering peak power to the rear wheel. 

Well, that should do it. To summarize what we've talked about, here is the sequence we recommend for "proper engine break-in": 
1. Fit the pistons on the tight side of the recommended fitting range. 

2. Use good general engine assembly habits, keeping in mind the earlier points we discussed, including ignition timing, carburetion and maintenance. 

3. On initial engine startup, don't just sit and idle the motor while you admire your work or tinker with minor adjustments. Heat buildup at this point can be excessive. 

4. The first 50 miles are the most critical for new rings and piston break-in. Most engine damage will initially occur during this period. Remember that if proper ring seating does not take place, the resultant blow-by will set the stage for possible future damage because there won't be sufficient oil on the cylinder walls for proper lubrication. So keep the heat down by not exceeding 2500 rpm. And vary the speed. 

5. The next 500 miles should be spent running the engine no faster than 3500 rpm or about 50-55 mph. Do not lug the engine and continue to vary the speed. 

6. Up to 1000 miles, the speed can be run up to 60 to 70. Continue to run the engine at different speeds including the lower 4~5 mph ranges. When the 1000 mile mark is reached, most Evolution engines should be broken in. Evolution engines tend to run slightly cooler; and therefore do not require as long a break-in period as earlier engines using iron cylinders. 

7. From 1000 to 2000 miles basically use the same procedures as before, but you can be a little more liberal with the rpm range. Avoid overheating the engine and putting any hard strain on it (drag racing, trailer towing, sidecar operation). 

8. 2000 miles and up, have fun! Just remember, while our recommendations sound good and normally work, there is no cook book formula for proper engine break-in. Common sense and knowing what is really happening inside those cylinders are the best tools for break-in. We at S&S realize that after riding a stocker, a Sidewinder or Stroker feels very strong and the temptation to "turn it on" is overwhelming, even hard to resist. If this urge to run the engine hard overcomes you before engine break-in is completed, extensive engine damage can result. The obvious way to help prevent sticking the pistons is to give them a loose fit which naturally will detract somewhat from piston life and quiet running. This may be the best route to follow for those riders who want to go fast immediately. Keep in mind though, even loosely fit pistons should be allowed at least 50 to 100 miles of break-in for ring seating purposes. And, pistons and rings fit in this manner will have to be changed more frequently.

Hard Facts About Engine Break-In 

Most people seem to operate on the philosophy that they can best get their money’s worth from any mechanical device by treating it with great care. This is probably true, but in many cases it is necessary to interpret what great care really means. This is particularly applicable when considering the break-in of a modern, reciprocating aircraft engine. Aircraft owners frequently ask about the proper procedures for run-in of a new or remanufactured engine so they can carefully complete the required steps. Many of these recommended break-in procedures also apply to engines which have been overhauled or had a cylinder replaced.

The first careful consideration for engine run-in is the oil to be used. The latest revision of Textron Lycoming Service Instruction 1014 should be consulted for this information. The basic rule which applies to most normally aspirated Lycoming piston engines is simple; use straight mineral oil of the proper viscosity for the first fifty hours or until oil consumption stabilizes. Then switch to ashless dispersant (AD) oil.

The exceptions to the basic rule above are the O-320-H and the O/LO-360-E series. These engines may be operated using either straight mineral oil or ashless dispersant oil, however, if the engine is delivered with ashless dispersant oil installed, it must remain on ashless dispersant oil. The Textron Lycoming oil additive P/N LW-16702 must be added to the O-320-H and O/LO-360-E engines at airframe installation, and every 50 hours thereafter or at every oil change. An FAA-approved lubricating oil that contains, in the proper amount, an oil additive equivalent to LW-16702 will meet the requirements for the additive as stated in Lycoming Service Instruction No. 1014M.

All Lycoming turbocharged engines must be broken in with ashless dispersant oil only.

When taking delivery of a new aircraft, there is another point which must be emphasized. Some aircraft manufacturers add approved preservative lubricating oil to protect new engines from rust and corrosion at the time the aircraft leaves the factory. This preservative oil must be removed by the end of the first 25 hours of operation.

Each new or remanufactured engine is given a production test run at the factory before the engine is delivered to an aircraft manufacturer or other customer. After installation in the aircraft, the engine is run again during the test flights. These test runs will insure that the engine is operating normally and will provide an opportunity to locate small oil leaks or other minor discrepancies. In addition, these test runs do the initial seating of the piston rings. The rest of the break-in is the responsibility of the pilot who flies the aircraft during the next 50 hours.

A new, remanufactured, or overhauled engine should receive the same start, warm-up, and preflight checks as any other engine. There are some aircraft owners and pilots who would prefer to use low power settings for cruise during the break-in period. This is not recommended. A good break-in requires that the piston rings expand sufficiently to seat with the cylinder walls during the engine break-in period. This seating of the ring with the cylinder wall will only occur when pressures inside the cylinder are great enough to cause expansion of the piston rings. Pressures in the cylinder only become great enough for a good break-in when power settings above 65% are used.

Full power for takeoff and climb during the break-in period is not harmful; it is beneficial, although engine temperatures should be monitored closely to insure that overheating does not occur. Cruise power settings above 65%, and preferably in the 70% to 75% of rated power range should be used to achieve a good engine break-in.

It should be remembered that if the new or remanufactured engine is normally aspirated (nonturbocharged), it will be necessary to cruise at the lower altitudes to obtain the required cruise power levels. Density altitudes in excess of 8000 feet (5000 feet is recommended) will not allow the engine to develop sufficient cruise power for a good break-in.

For those who still think that running the engine hard during break-in falls into the category of cruel and unusual punishment, there is one more argument for high power settings during engine break-in. The use of low power settings does not expand the piston rings enough, and a film of oil is left on the cylinder walls. The high temperatures in the combustion chamber will oxidize this oil film so that it creates a condition commonly known as glazing of the cylinder walls. When this happens, the ring break-in process stops, and excessive oil consumption frequently occurs. The bad news is that extensive glazing can only be corrected by removing the cylinders and rehoning the walls. This is expensive, and it is an expense that can be avoided by proper break in procedures.

To summarize, there are just a few items to remember about engine break-in: (1) If a preservative oil has been added by the aircraft manufacturer, drain it not later than the first 25 hours of operation; (2) Follow the engine manufacturers recommendation regarding the oil to be used for break-in and the period between changes; (3) Run the engine at high cruise power levels for best piston ring/cylinder wall mating; (4) Continue break in operation for 50 hours or until oil consumption stabilizes. These simple procedures should eliminate the possibility of cylinder wall glazing and should prepare the engine for a long and satisfactory service life.

Engine Break-In Controversy

Should You Ride it Like You Stole it, or Baby It?

© Matt Finley
Feb 22, 2007 
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One of the most controversial subjects in motorsports (besides Chevy vs Ford) is that of proper engine break-in. It ranks right up there with Global Warming.

I've broken in 3 motorcycle engines, 1 quad engine (working on my second quad as of this writing), two car engines and 3 truck engines, including a 4 banger Toyota, a 6.0 liter Vortec engine and a 6.6 liter diesel engine.

All of them run exceptionally well except the very first one I did, a Yamaha FZR600 sport bike, which I broke in according to the manufacturer's owner's manual. My brother bought the same bike at the same time, and we broke them in together, using the same technique.

Both of the FZRs were weak in power compared to other bikes, both had flat spots at just under 6,000 and made nasty noise at 7,500rpm, (Red line was around 10k if I recall.) The flat spots were at the RPMs that we didn't go above until recommended by the mfg. (We exceeded the 5,500rpm mfg suggested limit at 300 miles and the 7,500rpm limit at 600 miles.)

Following is the method I used in the past (and am currently using on my new quad) to break in the engines.

Warm the engine up completely. Load the engine by opening and closing the throttle hard in as many gears as possible, alternating between short bursts of hard acceleration and deceleration. Shut it off and let it cool. Check things out, loose nuts, oil etc.

Change your oil after the first hour or two of operation of the engine. That's when most of the burrs (small metal shavings) are taken off, and you dont' want that metal seating itself in the other components of the engine.

Warming up the engine completely is extremely important, even AFTER the break in period, especially if you're going to ride it hard.

There are a few good articles out there explaining why to break in your engines using this method instead of the baby it method. A very good article that explains the mechanics of how the engine break-in works can be found here.
Anyone familiar with machining metal and/or the physics of engines should quickly understand why breaking it in hard is very important for performance, power and reducing engine trouble through-out the life of the engine.

Engine Break-In Teledyne Continental Motors, Inc. TM 1 Your engine was operated on a factory test cell before leaving Teledyne Continental Motors. However, complete ring seating has not occurred and must be accomplished during the first 25 hours of engine operation after installation.  A straight weight non-dispersant mineral oil conforming to SAE J1966 is recommended for the break-in period. If you fly less than once per week, a straight mineral oil with corrosion preventative (MIL-C-6529 Type II) should be used for the first oil change period (25 hours). The proper viscosity of the oil should be selected based on ambient operating air temperature. Refer to the Operation & Installation manual specific to your engine or the Airplane Flight Manual / Pilot Operating Handbook for the viscosity and grade of oil required. Refer to the most current version Service Bulletin SIL99-2 for approved lubricants.  Piston ring seating is paramount to proper engine break-in. Your understanding of the factors involved in the break-in process will aid in correctly operating the engine during this important time. Piston ring seating means the rings and the cylinder wall must wear-in together to provide an effective seal for the combustion chamber and to keep combustion gas blow-by and oil consumption to a minimum. During ring seating, the basic purpose is to establish metal-to-metal contact between the piston ring face and the cylinder barrel. In order for this process to take place, the rings must breach the lubricating film of oil on the cylinder wall. As the rings begin to seat, the ring-to-cylinder wall surface area increases and it becomes harder for the rings to breach the protective film of oil. You can aid in this process by keeping the combustion chamber gas pressures at high levels during the early stages of break-in. The higher combustion gas pressures, as controlled by throttle position, force the piston rings to expand against the cylinder walls, breaching the protective film of oil and allowing the slight wear that we are trying to achieve. Refer to Figure 2. The top ring will be affected the most, so it is likely that the rest of the rings will take a little longer to seat. During initial break-in it is not uncommon to have cylinder head temperatures above the normal range for several minutes. This elevated temperature is an indication that initial ring seating is taking place. As the rings begin to seat to the cylinder walls, the temperatures will drop. This usually occurs over a period of 10 to 20 minutes. Cylinder head temperatures can remain slightly elevated for several more hours until complete ring seating has been accomplished. Ideally, the rings should seat within the first 10 to 15 hours of engine operation as evidenced by stabilized oil consumption and decreased cylinder head temperatures. Since this engine is either new or rebuilt, it has “tighter” running clearances than the engine you just retired. It stands to reason that cylinder head temperatures and oil temperatures can run slightly higher. While hot oil runs thinner and aids in ring seating, it is important that you do not let either temperature red line. The accuracy of your cockpit instruments becomes very critical. It is imperative that your cockpit gauges are tested and if necessary calibrated to insure that you do not exceed any operating temperature limits during engine break-in and normal operation. During the production testing of your engine, the fuel system was adjusted to verify proper operation. Aircraft fuel system supply pressures may differ from those used in our production test facilities. These differences in pressure will affect fuel system adjustment. Optimum performance of the fuel system will play a vital role in engine break-in. You must insure that your mechanic has verified and, if necessary, adjusted the Fuel Injection System in accordance with the aircraft manufacturers and Teledyne Continental Motors maintenance instructions and the latest version of TCM Service Bulletin SID97-3. [image: image4.png]Fle Edt View Hstory Sookmarks Tods Help
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Engine Break-In

COMBUSTION GAS

CYLINDER WALL

LUBRICATING OIL

Figure 2. Breaching the Protective Film of Oil





Any rebuilt or new engine has to go through a break in process. Each piece of moving metal must get to know and fit with the piece of metal it is moving against. Usually, the manufacturers put a sticker on the speedometer or tachometer telling you to take it easy for 600 miles or so. Your buddy says "If you want to run it hard, break it in hard." As you might expect, the truth is not on the right hand or the left but, in the center. 

The problem is this. All this rubbing produces heat, which can cause oil to fail, which can cause a piston to seize to a cylinder wall. On the other hand, if there is not enough rubbing, the piston rings will not seat right with the cylinder walls. If this happens the engine will not reach it's full power potential. If the only new parts are piston and rings, as in an engine rebuild, we only have to worry about heat build up from the new parts. If the entire engine is new, the heat built up is even greater, because all the parts are new. 

Yes, it is true that we have much better machining and quality control on new motorcycle engines, then we did in the past but, moving parts still have to wear in. If you have better, harder metal, it will take longer then if you have poorer, softer metal. Years ago I decided to bore my BMW motorcycle to the first oversize. After a hundred miles of break-in I started to ride normally, which is to say FAST ! Well, the bike just was not running right. I re-jetted the carb and it started to run OK. Another hundred miles passed and I had to rejet again. This went on for over one thousand miles. After the last re-jetting I realized I had just put the stock jets back in ! It took better then 1100 miles for those rings to break-in. The steel used in BMW motorcycles is very hard ! 

On one hand, if you run the bike too easy, you run the risk of the cylinder walls glazing over and then, maybe, never seating properly. On the other hand, if you run the bike too hard, you run the risk of engine seizure. I suspect, that even if you do glaze the cylinder walls over, if your run the engine hard enough and long enough, the rings will seat. However, this may take a thousand miles, or more, to do. 

So what's a biker to do ? Well, a compromise is in order. This is what I do with a freshly rebuilt engine. It will work on new engines too. On a straight, deserted road, I put the bike in second or third gear and accelerate with wide open throttle to about one or two thousand RPM BELOW red line. I then shut the throttle and coast down, in gear, to two thousand RPM or so. I then do it again. I do this about ten times. Then I ride around for a while at an easy pace. I do this several times, if possible. This seats the rings without overheating the engine. 

I would continue to do this during the entire break-in period. If you are doing any freeway riding. That is, running long periods of time at a steady throttle setting. I would also add this. Shut the throttle off and then on again, very quickly, every three or four miles. This tends to draw more oil up on the bottom of the pistons, lubing and cooling them. On a freshly rebuilt engine, I like to change the oil and filter at about two hundred miles and then every thousand miles thereafter. On a totally new engine, I change the oil and filter at one hundred fifty miles, three hundred miles, six hundred miles and twelve hundred miles. After that, change the oil and filter every one thousand miles. 
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PUMA RACE ENGINES - RUNNING IN A NEW ENGINE 

Probably one of the most argued about topics in engine theory you'll ever come across. Everyone has their own opinion ranging from the 'give it death from the start' to treat it with kid gloves for thousands of miles before using it hard. In fact running in an engine is not a single process. The various internal components take different times to reach full efficiency and require different approaches to make sure they bed in properly. 

The first item to consider is the oil used. In years gone by you could buy running in oil which was basically very cheap oil with low friction reducing characteristics. When engines were hand carved out of solid blocks of cast iron by workmen in flat caps using hand files and paid a shilling a month this might have been a good idea. Nowadays any half decent engine machining should be of a high enough quality that comparatively few high spots actually need to be worn off the various mating components. Using a fully synthetic oil from the start is generally considered to be a bad idea because it needs some metal to metal contact to bed things in but component loadings are so high on modern high output engines that a very cheap oil is a false economy. My advice is to use a medium to high quality non synthetic oil and the best oil filter you can buy. The higher the engine output the better the running in oil you should use. Turbo engines generate very high temperatures in the turbocharger and the last thing you want is something that will bake into carbon the first time you start the engine up. 

Next thing to consider is running in the camshaft. This will mainly be applicable to pushrod engines or those using overhead cams and rockers. OHC or DOHC engines with flat faced buckets under the cam lobes are much less prone to cam wear problems. 15 minutes at 2500 rpm with the car on the driveway is the way to run cams in. The main thing is never let them idle for the first few minutes. All this is considered in more detail in the article on running in cams. 

Now you're ready to take the car out on the road and bed the piston rings in. To do this requires several brief applications of full throttle in a high gear to generate high cylinder pressures and force the rings against the bore walls. Put the car into 4th or 5th at 1500 to 2000 rpm and apply full throttle for about 10 seconds. Coast along for 30 seconds to dissipate any heat generated and repeat. Do this ten times. It should take about 10 minutes and maybe 5 miles if you don't have too many other cars up your chuff trying to get past. 

By now you've already worn off more than 90% of the high spots on the various bits that contact each other. However friction levels inside the engine are still fairly high compared to what they'll eventually settle down to. The next stage is to gradually build up throttle usage and rpm limits. This can take place much faster than many people realise. Drive for 50 to 100 miles with gradually increasing throttle usage and rpm. By the end of this time you should be using full throttle and high rpm for brief periods provided fueling and ignition settings are already optimised. In fact on the road it will be hard to hurt the engine because you'll have to back off for a corner, speed camera or plod car long before you melt the engine. On the track, or maybe on a motorway you might be able to use the engine hard enough to hurt it in the first few miles. 

Listen to the engine. Does it feel tight and not want to rev or does it feel free? Hopefully it should sound quite happy by now. 

99% of the high spots are now worn off after 100 miles and it's time to change the oil and filter again. Use a high quality non synthetic oil. You can leave this in for either another 1000 miles or until your normal oil change interval. At that point swap to your long term oil which might be a fully synthetic if the engine and your pocket warrants it. The engine should be happy to take pretty much whatever you can throw at it after 100 miles if it's been built right. What you might want to consider is that by the time you've pottered about with your new engine for 3 hours (that's probably at least 100 miles) at say an average of only 3000 rpm it's already done over half a million revolutions! Yes I did say half a million. 3 hours x 60 = 180 minutes x 3000 revs per minute = 540,000. How many times do you think one component with a miniscule high spot has to operate against another component before the high spot gets worn down? 

If the engine has been modified it might require alterations to the fueling or ignition timing. Don't use it too hard yet if there's a possibility these might be way out. Get it to a rolling road and have it set up properly. 

Over the next 1000 or more miles the friction levels inside the engine will continue to fall as the bores glaze up. The harder you use the engine the faster this will happen. Drive like your granny and it might take 5000 miles before the engine is fully loose. It won't blow up because it's not fully loose if you use it hard but the power will continue to increase as the friction levels drop. Also the combustion chambers carbon up which raises the compression ratio slightly and improves thermal efficiency as the carbon acts as an insulator. You might see another 2% or 3% power once the engine is really loose compared to the first run on the dyno after the initial break in period. 

THE purpose of “running-in” a brand new vehicle is to allow the brand new components to bed-in.  

In other words, running-in is a process where the initial wear that occurs between sliding components in an engine reduces the surface roughness of the components, allowing them to move freely (with less friction) relative to each other.  
Traditionally the running-in period varies between 1,000 and 5,000km during which the vehicle must be gently driven.  
Additionally, while running-in the engine does not develop full power, fuel consumption is slightly elevated and debris from the initial accelerated engine wear is increased. 
Modern engines often do not require the traditional running-in procedure that is so essential to the engines of the previous generation of vehicles.  
Improved production techniques mean that components often leave the factory floor with a much finer surface finish and modern engines are manufactured with much closer tolerances and less bedding-in is required.  
Additionally, with the introduction of computerised engine testing, all new engines are traditionally run at full power on a test-bed for a few minutes while vital sensors are monitored. Engines that do not meet manufacturers’ specifications are either rebuilt or discarded. 
The past decade has seen a large improvement in the quality of engine oil sold “off the shelf,” and almost every new vehicle sold around the world comes filled with synthetic engine oil. Having high quality oil in the engine right from the start means less wear and tear and in the long run, longer engine service life.  
In any case, there have also been vast improvements in the mineral oil formulations even though their performance would never match that of the synthetic blends.  
Rest assured, that unless there is some unforeseen catastrophic failure of one or more components within your car engine, there is no harm in enjoying a long drive in your vehicle, straight from the showroom.  

"For those interested (and many of you might be as you'd have a new RAV4), these are some of the things I do when I run-in a new vehicle.  The process is usually useful for the first 5,000 kms or 3,500 miles. (Disclaimer: If you choose to follow any of the tips here, I accept no responsibility for any damage or loss resulting).
First of all, why run-in a new vehicle? The reason is that the  manufacturing process of metal parts leaves them with some minute  imperfections and also they are being mated against other parts.  Running-in enables these parts to interface more smoothly by causing  a certain degree of beneficial wear and also by wearing down the  imperfections. Note that they aren't defects in any sense. A visible  example would be on new tires where you see stuff that looks  like 'hair' sticking out. As you drive around, they get worn off.
Over the past decade, manufacturing processes have improved a lot and the parts are coming out more perfect in form and tolerances are finer. So the running-in process is not as crucial - but still important - as before when you even had to use special oil which permitted a higher  wear rate.
New engines are tight because everything's new so some degree of wear  has to occur to allow them to rev freely. But unlike a decade or two  ago, you don't have to be as 'religious' about running-in and I note  that the manuals are now providing only basic and simple advice. In  fact, the notion of treating a new engine with tender loving care  contrasts to what you will find if you visit an engine factory. The  new engines, after assembly but before installation in the car, are  run at high revs by a computer. It provides some running-in and also  allows for checking of integrity or whatever. But to see it being  done can be quite shocking!
You still need to run-in a new car and engine, allow the various parts  to bed in and function with each other efficiently.  This calls for  thoughtful driving strategies but they are not necessarily boring.  The main thing to remember is not to allow your engine to load up,  meaning you don't try to drive it up an incline in top gear and  labor the engine. The load is bad for the engine at any time, more  so when it's brand new.  The effects can be long-lasting and ruin the  engine's ability to give its best for the rest of its life.
Even if you have an autobox, it's a good idea to manually disengage the overdrive on an incline or even slot into 2nd. You won't hurt the  engine by doing that and you will even do it a favor if you help it to  run up the incline with less effort. Using the gearbox, auto or manual,  liberally is a good way to run it in and you will be rewarded by a  smoother unit later on.
Varying the speed is also an important point and it is mentioned in  the manual. This exercise is intended to get your engine used to high  and low revving conditions. If you have cruise control, don't use it  for at least 3,500 miles because the constant speed is not good. Even  on the highway, you should vary your speed a lot. You can do so as you  drive by using lower gears and shifting up and down.
But you should also pay attention to what rpm you run up to. For the  first few 100 miles, maybe you shouldn't get past 4000 rpm. Then you  can gradually go higher and by maybe 1500 miles, you can start to push  it to 5000 rpm. Do not run it up to 5000 rpm and just hold it there;  rev it up as you're driving and change up quickly when you get to  5000 rpm.
When you get up to 2000 miles or more, maybe you might like to try running it up to the redline for brief spurts. I learnt that this is  helpful for the engine from a racing driver and mechanic. You  accelerate in 2nd gear up the the redline and shift up right away.  Don't hold it there longer than a shift action. Why? The high revs  give the engine a 'taste' of that sort of condition and prepares it  for the ability to cope with such conditions. It's like when you do  a high-speed run down the highway and after that, the engine feels  nice and free-revving (although that's more of the oil being well  circulated too).
If you stick to low revs all the time, there is a possibility that your  engine will remain tight and unwilling to give all its potential when  you want to drive hard and fast. I have experienced engines where  the owners really pussy-footed them in the run-in period and they  never had an edge in performance compared to other similar engines.
The manual doesn't seem to recommend an oil change at 1000 km (600 mi)  but I am used to it and will do so. No harm and the only thing that  will be hurt is my pocket. I personally believe that the first 600  miles are a time of great wear inside and so the oil will have a lot of  metal stuff in it. The filter will remove it, of course, but it's still  there and it's minute too. I'd rather get rid of the dirty oil and have  some new oil inside; besides, the original oil is of unknown quality  to me although I'm sure Toyota would use something good enough. The  next oil change would be at 5000 kms or 3500 miles, but you can follow  the interval indicated in your manual.
For the brakes, I also take a bit of care. You need to brake a lot  to run-in the new pads but you also have to be cautious about how  hard you brake. Excessive pressure on new pads can cause them  to glaze over and that's going to reduce braking power. Some people  drive around with a very light pressure for a while to wear them  out a bit but you need to really be deliberate about that.
Other things: I like to use Rain-X, a liquid which makes the glass very slippery so that water beads off easily. I put it on the front  and back, the front side windows and the door mirrors. It's  corrosive so don't let it get on your paintwork!
I also like to spray on fabric protector which helps to stop  moisture from seeping in (most of the time).
And I've earlier mentioned the point about loose screws and bolts.  Take a screwdriver and small spanner (preferably a box type) and  gently tighten the fasterners you can see. Not too tight but if you  find them able to take another turn, then do so. From experience,  I've always found the bolts holding the front fenders to the body  (along the side of the engine bay) to be less than tight (same thing  in the RAV4)." 
