BALANCE SHAFTS

Subject: Re: Balance shafts, 6/10/98

From: "Clark Fletcher" fletch@twave.net 

The balance shafts could cause some pretty good vibration in the engine, but they should not cause it to run rough. If you want to check them anyway, here's how:

There are two keyways in the balance shaft sprockets. On some cars one keyway is stamped with an "O" on the front of the sprocket and the other keyway will have a "U" stamped on the front of the sprocket.  However, some sprocket only have the "O" and nothing at the other keyway.  On one shaft the "O" sprocket goes on the keyway and on the other shaft the it's the keyway with the ''U" or nothing that goes on the key. If I'm not mistaken, I believe the upper is "O" and the lower is "U". Someone that has a shop manual handy please check this. The problem is that if the sprocket cover and retaining bolt are installed, it's nearly impossible to see stamps on the front of the sprockets.  However, I believe the holes in the front cover for the sprocket may still let you see the keyways. If so, you should be able to take a heavy piece of wire and run it into each keyway to determine which keyway has the key in it. With the engine at TDC both keys on the balance shaft should be at the 12:00 or 0 degrees. However, the way the sprockets install put the alignment marks on the sprockets at approximately 10 degrees and 190 degrees. If you have anymore questions let me know.
Clark

Subject: RE: Balance Shaft Sprocket Installation, 11/23/98L

From: "George Beuselinck" georgeb944@popline.com 

This is documented only in the factory service manual.  The short answer is that the O stands for Ober - the upper balance shaft.  Some of the balance shaft sprockets also have a U - for Unter, the lower balance shaft.

Align the keyway with the O to the key in the upper balance shaft, the other one

to the key in the lower balance shaft...

----------

If the balance shaft sprockets are properly installed the "O" will appear in one of the circular openings in the sprocket cover on the upper balance shaft. For the lower balance shaft the "O" will appear (partially) in the lone rectangular opening of the sprocket cover. This tells you that the upper sprocket is installed with the "O" stamped groove on the woodruff key and the lower sprocket is installed with the groove that has nothing stamped beside it on the woodruff key. Once you are sure the sprockets are installed correctly, you can then verify their alignment at TDC. If you'd like some more information on Balance Shafts take a look at my web site. 

Clark Fletcher fletch@twave.net 

----------

Sounds like you have them correct.  With the sprocket on the balance shaft, the shafts will assume a rotational position due to their off-center mass.  With the sprockets installed correctly the little V notches in them should be close to lining up with the notches on the belt rear cover when the shafts are in this "automatic" position.


Tom Pultz falcon@wolfenet.com 

Subject: RE: shifter vibration, 12/12/98L

From: "George Beuselinck" georgeb944@popline.com 

Unfortunately, not an uncommon problem.

Your balance shafts are mis-timed, most common cause is the failure to use the proper keyways on the balance shaft sprockets when re-assembling the front end of the motor after a waterpump replacement or resealing the front end oil seals.

The proper orientation of the keyways is for the keyway marked O to be used on the upper balance shaft and for the keyway marked U to be used on the lower balance shaft.

Subject: re: Balance shaft housing sealant, 4/19/99L

From: "Kevin Gross" kgross@connact.com 

I'd use the 518.  Porsche will sell you the 638 as p/n 000.043.011.00, according to my records.

Subject: RE: Balance shaft timing marks and keyways... 3/3/02

From: "Chris White" whitechristopher@earthlink.net 

There are round 'windows' in the stamped steel plates that go on the outside of the balance shaft gears. If you have the gears on the correct keyways the upper assembly will have 'O' showing in the window and the lower will NOT have the 'O' showing. That's about it!

Subject: Balance shafts - why? 4/28/02

From: "Mike Oberle" moberle@afnetinc.com 

4 cylinder inline engines produce their own set of vibrations and consequent harmonics. Certain firing orders produce different vibration series but without fail 4 cylinder engines above ~2litre produce very high 2nd and 3rd order harmonics in relation to the primary. The result is a violent shake when all three vibrations sync up (come into phase, couple, etc.).

The balance shaft (typically) cancels the 2nd and/or 3rd harmonic to prevent the vibrations from coupling.

You can obviously build an engine without a balance shaft(s). You can balance the components until the cows come home and only mitigate a portion of the natural engine harmonic (firing order, crank rotation, cam rotation, reciprocating mass, etc.). At some point in the rev range the vibration will couple and become more apparent.

It is there in smaller engines but is much less noticeable due to the lower magnitude of the vibration.

Subject: RE: balance shaft seals revisited, 3/25/02

From: "Mike Oberle" moberle@afnetinc.com 

Jim Cooper xdecman@attbi.com wrote:

<< Upon inspecting the front of the engine, it looks like I have the balance shaft seals reversed. The lower seal has a 48 on it and the upper has a 47. There is no leakage going on other than the front main so I am tempted to leave them alone. >>

----------

In the short term it won't be a problem. If you look closely at a directional seal there are very small vanes on the seal surface. The vanes create channels for oil to flow away from the seal edge that follow the rotation of the shaft. As long as the seal edge is OK you won't see leakage but with the seals reversed the vanes hold the oil against the seal edge creating a very small amount of hydraulic pressure on the seal.

I don't know how long they will hold but when they start to leak it will be more profuse. I suspect that you will get about 60-70% of normal life from the seals.

Since our belt service interval is shorter than a typical seal failure interval, you will probably change the belts again before the seals fail.

Subject: RE: Balance shafts - why ? 4/30/02

From: jefflamb@peoplepc.com 

<< Therefore, if you knife edge the crank and thus cut down the counterweights, shouldn't that actually induce additional vibration in the system?  Perhaps my understanding is just wrong.  If so, please straighten me out.  BTW, I'm neither for nor against removing the balance shafts.  And, in my case I don't have a choice since it would be illegal in SCCA ITS to do so.  I'm just curious.  I've wondered about that for some time now and this just seems like the perfect opportunity to ask. >>

----------

My reply:

George, I was curious about this issue before I had my engine built.  When I talked with Pauter Machine's crank guy, he mentioned that in-line 4 cylinder engines are inherently balanced, however, they still experience some amount of harmonic vibration (as Mike mentioned in his message beginning this thread).  He mentioned that the crank's counterweights could be completely removed and the engine would still be balanced.  This is because as two pistons and rods are moving up, the other two are moving down in the same plane thus completely counterbalancing each other.  The counterweights are really only there to provide rotational inertia (pretty much the same function as the flywheel).  He said that the "V" engines (such as a V8) are very dependent on the crank counterweights for their balance because of the opposing cylinders at different angles.

He went on to explain that when running an in-line 4 cylinder engine without balance shafts, lightening the rotational mass (crank, rods and pistons) will not have any effect on the balancing of the system.  However, it will have the positive effect of reducing the potential harmonic vibrations AND make the engine more responsive.  He did say that it is very important that the crank itself is balanced and that the rods and pistons are all the same weight as each other.  He mentioned that the only downside to lightening the rotating mass in extreme fashion (such as coupling a dramatically lightened crank with light rods, pistons and extremely light flywheel) is that the engine will need to use a higher idle speed to stay running and that it will take some time to get the feel for launching the car without stalling.

I know the explanation is more involved than what I have outlined above, however, I am working from memory and tried to give the basics here.  Derrek may have some additional comments on this issue.

Subject: RE: Balance shaft alignment, 5/24/02

From: "Chris White" whitechristopher@earthlink.net 

First you need to double check that the gears are mounted on the right key way. Both the upper and lower balance belt gears can be mounted in two different positions. The upper gear should have the letter 'O' showing in a little round window in the pressed sheet metal cover on the front of the gear. The lower gear should not have the 'O' showing. O for Ober or upper!

Once you are sure that the lower is correct (common problem) then you can align the marks. Both gears should have the marks aligned at top dead center. They won't align perfectly but get them close and you should be set. 

My bet is on the lower gear being mounted incorrectly....one of the first things I fixed on my first 944 many years ago - that's tot a tip from George B!

Subject: Re: Balance Shaft Oil Leak After Resealing, 6/4/02

From: "Michael DuQuette" duquette5@charter.net 

There are two different sized O-rings for the top and bottom balance shaft housings. I believe the lower one is the larger one. I did mine a couple of months ago and had to sort of twist it into place cause the o-ring was nice and tight.

Subject: Re: need position of lower balance shaft, 7/25/02

From: "Claus Groth" bora450@rennlist.com 

John P. john27pa@yahoo.com wrote:

<< I have an 84 944 and I have an awful vibration after 3500 rpm. I did have it at the 3200 rpm, but I believe that I went another tooth too far. Is the position mark supposed to be at the 5'oclock position or at the 7'clock position? Right not- it is about the 8'clock position or so. >>

----------

I have a track car without belt covers and recently questioned whether the lower balance shaft pulley was indexed correctly.  In my case, the cut in the pulley flange was at 8 o'clock, quite close to the belt.  The Porsche workshop and Haynes manuals show the mark at about 7 o'clock, next to the pointer in the plastic rear belt cover.  One thing is clear -- the shaft key on both balance shaft pulleys is at 12 o'clock when at TDC.  So I removed the lower pulley bolt and washer to uncover the key slot and found that 8 o'clock is correct.  This does not agree with the pointer location!

It is a little tight in there without the proper pin spanner wrench but if you want to do this and don't have one, place two 1/4" drill bits in the two exposed holes, use a 19mm box wrench on the bolt and a prybar against the drill bits to keep the pulley from turning.

Subject: Re: need position of lower balance shaft, 7/26/02

From: "John Hajny" REDL944@aol.com 

The pulley location is always open to a certain amount of "interpretation." You rarely can get the marks dead spot on. You are looking for as close as you can get.

The crank will not move, so I stretch the belt away from it in each direction to position the timing marks correctly before final tensioning of the eccentric.

I string the balance belt up without the eccentric or idler pulley installed. I then position the TOP shaft to its mark first, pull the belt tight from crank to top balance shaft and adjust the orientation accordingly to get the mark lined u. I then slip the eccentric pulley in and only SNUG the lock nut to provide a little resistance. I work the lower balance shaft pulley into relative position. Then I crank the belt slightly taught between the tension eccentric and the crank, checking to see how close to the balance mark I am.

You will likely see that you are off by a tad (likely the mark is off a tad in the clockwise direction) and try to improve your lot by re-orienting the belt. You will then see that one tooth to the anti-clockwise takes you WAY back past the mark to the anti-clockwise side. Again, this is where it is helpful to not be tooo awfully anal! ;-}

As far as orientation of the shafts, that is another kettle of fish. You said you simply changed the belt. If you are close to the marks as above, then you did it right, but you might not be aware of someone having done more extensive work all wrong previously. The balance gears can indeed be indexed incorrectly if you are not careful. To be sure, let's look deeper. This gets tricky so pay attention!!!!

There are two main parameters at work here. The gears, and the "face plate" washers.

The balance gears have at least an "O" stamped in the face of each. My Factory Service Manual (FSM) says that there is also supposed to be a "U" on them, but I'm not sure this is ever the case (?). None of my gears got no stinkin "U"s!!! This (these) letter(s) are critical in getting the right indexing. Since the gears also have two keyways each, you can see the potential for improper indexing.

The "face plate" washers work in conjunction with the "O" on the gear face to get the timing right. You will note that the faceplate has a round hole in it. This hole is a "window" that the "O" is visible through on the top gear when it is installed correctly. You will also note that the face plate washers have a perpendicular tab that slides into the UNUSED keyway in the gear. Since there are two keyways, you can indeed get the gear 180 out of phase. The top gear is correct when everything is installed such that the "O" is visible through the "window" in the "face plate" washer and the marks line up.

The bottom gear needs to be 180 out of phase to the top. If your gears have the mysterious "U"s stamped in them, then the "U" should be visible in the "window" on the bottom faceplate washer. If you got no stinkin "U"s like me, you make sure the "O" IS NOT visible. This will mean you have them 180 out of phase to each other, and therefor correct.

Tension as necessary.

