PAGE  
1

TIMING

Mr. David S. Thorpe of Meredith, New Hampshire, authored the following timing document.  Although written specifically for the Pearl single cylinder steam engine, it is applicable to many other steam engines, simple or compound, marine or stationary, reversing or not. The Pearl Steam Engine Company is grateful to Dave for his willingness to lend his expertise so others can share in his clear understanding of a science so long ago forgotten. 

Setting up the Valve system

on the

PEARL SINGLE CYLINDER ENGINE

Basic Engine Set-Up

The engine can be installed in the boat with either end forward or aft.  It will be most convenient if the Stephenson link (P17) is easily accessible by the pilot.  The preferred Stephenson link and eccentric rod configuration occurs when the link is thrown in the same direction as the shaft rotation.  On most engines with external valve admission such as the Pearl, this configuration of eccentric rods would be identified as “open rods”.  However, the Pearl has a rocking lever that reverses the direction of the valve motion so the preferred rod configuration is “crossed”.  See more information later about “open” and “crossed” eccentric rod configurations.

The forward eccentric (P02) is located on the crankshaft closest to the connecting rod (P12).  The reverse eccentric is farthest away from the connecting rod. The eccentrics are installed on the crankshaft with their flat surfaces facing each other and their hubs away from each other

.

The straight eccentric rod (with the optional turnbuckle adjustment) is on the forward eccentric.  The offset rod is on the reverse eccentric.  The straight (forward) eccentric rod is connected to the bottom lobe of the Stephenson link directly under the die block (link bolt P19) when thrown in the forward direction.  The offset rod (reverse) is connected to the other lobe.

An alternative to the preferred set up is to have the crankshaft rotation opposite the direction of throw of the Stephenson link by using “open” rods.  The forward eccentric is still closest to the crankpin, uses the straight eccentric rod and connects to the lobe of the Stephenson link directly under the die block location when the Stephenson link is in the forward position.  The angular position of the eccentrics on the crankshaft determines which direction the crankshaft will rotate when the Stephenson link is in the forward position.  Although the engine will run satisfactorily, friction between the eccentrics and the eccentric straps will now tend to pull the Stephenson link out of running position instead of holding it in running position as with preferred crossed rod configuration. 

If it has not already been done, it is strongly suggested that the cylinder casting be boiled in water for at least 30 minutes and a wire run through all the cored passages to insure that all core sand has been removed prior to setting up or running the engine.

Basic Engine Adjustments  

The steam piston (P24) must be centered within its cylinder before any other valve adjustments are made.  The cylinder drains are precisely located to aid this measurement. A wood dowel or a brass pin partially inserted into the threaded cylinder drain opening is all that is needed.  Mark the position of a convenient reference point on some tape wrapped around the flywheel when the crank pin is on TDC and BDC.  With a dowel in the lower threaded drain opening, rotate the engine slowly bringing the piston’s bottom gently into contact with the dowel.  At the reference point, make another mark on the flywheel when this event happens. Remove the dowel and place it in the upper threaded drain opening.  Rotate the engine in the opposite direction and slowly bring the piston’s top gently into contact with the dowel.  Mark the flywheel at the reference point again when this event happens.  Compare the distance between TDC mark and the top event mark, and the BDC mark and bottom event mark.  When these distances (or degrees of rotation) are the same for both ends, the steam piston is centered in the cylinder.  To adjust the steam piston centering, adjust the steam piston rod by screwing it up or down in the slide (P09 or P40). Protect the steam piston rod’s surface from tool marks when screwing it up or down.  Lock the steam piston rod in its centered position with the lock nut.

Valve Adjustments

Check to be sure the piston valve rod is tight in its lower link (P15).  Follow the valve mechanism back to the Stephenson link making sure everything is tight.  Check the link connector, eccentric rod, as well as the eccentric strap top (P04) assembly for tightness. 

As this engine has cast valve ports rather than machined, it is important to center the piston valve (P25) by airflow rather than by measurements.  The piston valve must be centered before the lead can be set.  

Set the approximate position of the eccentrics with the crank throw in a vertical position (12:00 o’clock) and viewing the engine from the Stephenson link end of the engine:

For the preferred configuration (Stephenson link thrown in the same direction as the shaft rotation using crossed rods):

For right hand rotation the Stephenson link is thrown to the right, the eccentric closest to the crank throw (forward eccentric) is rotated to a 10:00 o’clock position and the reverse eccentric to a 2:00 o’clock position.   The forward eccentric rod is attached to the Stephenson link at the left end and the reverse eccentric rod is attached to the other end.

For left hand rotation the Stephenson link is thrown to the left, the eccentric closest to the crank throw (forward eccentric) is rotated to a 2:00 o’clock position and the reverse eccentric to a 10:00 o’clock position.   The forward eccentric rod is attached to the Stephenson link at the right end and the reverse eccentric rod is attached to the other end.

See drawing below:
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For the alternative configuration (Stephenson link thrown in the opposite direction as the shaft rotation using open rods):

For right hand rotation the Stephenson link is thrown to the left, the eccentric closest to the crank throw (forward eccentric) is rotated to a 10:00 o’clock position and the reverse eccentric to a 2:00 o’clock position.   The forward eccentric rod is attached to the Stephenson link at the right end and the reverse eccentric rod is attached to the other end.

For left hand rotation the Stephenson link is thrown to the right, the eccentric closest to the crank throw (forward eccentric) is rotated to a 2:00 o’clock position and the reverse eccentric to a 10:00 o’clock position.   The forward eccentric rod is attached to the Stephenson link at the left end and the reverse eccentric rod is attached to the other end.

See drawing below:
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The disadvantage to this configuration is the friction between the eccentrics and straps tends to pull the Stephenson link out of position instead of holding it in position.  See more about open and crossed rods below.

Connect compressed air with less than 5 pounds of pressure to a closed valve at the steam inlet. Do not use higher pressure.  Open both cylinder drain valves.  Put masking tape completely around the flywheel rim.  Determine a fixed reference point against which to mark flywheel rotation and accurately mark TDC and BDC of the crankpin.

Open the compressed air valve slowly.  Turn the engine over in the forward direction with the Stephenson link in the forward position.  Mark the point at which air is first heard coming from the top cylinder drain as the steam piston is going from up to down.  Keep turning in the forward direction and mark the point at which air is first heard coming from the bottom cylinder drain with the steam piston going from down to up.

The distance to the reference point (or degrees of rotation) for the downward stroke of the steam piston should be exactly the same as for the upward stroke of the steam piston.  If they are not exactly the same, the piston valve is not centered.  It does not matter what the measurements actually are.  What is important is that the measurements are the same.  Adjust the forward eccentric rod’s overall length at the top strap or by the optional turnbuckle.  Repeat the measuring process to determine piston valve centering and adjust as necessary until the measurements are exactly the same. The air admission and cutoff may not be absolutely sharp in sound.  You will have to use some judgment when making the marks.   A little oil in the piston valve cylinder will make the admission and cutoff points a little sharper in sound.

Reverse the Stephenson link and using the same procedure as above, center the piston valve for reverse rotation while rotating the engine in the reverse direction.

With the steam piston and the piston valve centered you can proceed to setting the valve lead. Low-pressure air is again applied with both cylinder drains open. With the Stephenson link in the forward position rotate the engine in the forward direction.  As you rotate the engine in the forward direction, mark the flywheel at the point when air starts to be admitted to the cylinder with its steam piston approaching the upper end of its travel. Continue to rotate in the forward direction and mark the flywheel at the point when air starts to be admitted to the cylinder when its steam piston is approaching the lower end of its travel.  Adjust the lead in the forward direction by rotating the forward eccentric (the eccentric closest to the connecting rod).  Adjust the eccentric’s position around the crankshaft a small amount and again check the lead.  Adjust so steam admission occurs at a point slightly ahead of TDC and BDC but not more than 5 degrees.  You may have to split the difference if the lead is not exactly the same at the top and bottom of the steam piston’s travel.  If there is a large difference, go back and center the piston valve again and then set the lead again.

Move the Stephenson link to the reverse position and set the reverse lead in the same manner used to set its forward direction lead.  All reverse direction measurements and adjustments are made while rotating the engine in reverse.  Zero lead is conservative.  More than 5 degrees of lead in the forward direction and more than zero degrees of lead in the reverse direction could make for difficult starting and or reversing.

Operation may not be as smooth in reverse as in forward because the piston valve centering may not be perfect as the reverse eccentric rod length must be adjusted in increments of a full turn.

Open or Crossed Rods

Open or crossed rods occur depending on which eccentric rod is connected to which wrist pin of the Stephenson link.  The preferred configuration (crossed rods for the Pearl engine) is the one that increases the valve lead when moving from the “full link” position of the Stephenson link toward “mid-link” position and because in the forward position (either clockwise or counterclockwise rotation) the Stephenson link will be thrown in the same direction as the crankshaft rotation.  This has the advantage of using the friction between the eccentrics and their straps to hold the Stephenson link in position.  When linking up (moving toward the mid-link position) the valve travel is reduced as the lead increases.  In large engines linking up is used to gain efficiency but may have little practical value for small marine engines.

The Pearl engine will probably not benefit from linking up and will run well with open rods. The disadvantage is the eccentric friction constantly trying to move the Stephenson link from its proper position.

WARNING​ – If these notes are being used to set up a conventional open column engine with flat crosshead guides, be aware that to avoid excessive crosshead guide wear, the rotation of the engine must always be to the opposite side of the crosshead guides.  If the crosshead guides are on the left side of the engine it should always be operated in right hand (clockwise) rotation.  Cylindrical guides such as those on the Semple, Pearl, Clark or Paine engines allow either rotation as their forward rotation without excessive crosshead guide wear.
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ALTERNATE CONFIGURATIONS



           OPEN RODS







CW ROTATION







CCW ROTATION







FE







RE







CP







FE







RE







CP







Die Block







Die Block







Stephenson Link







Stephenson Link







FE – forward eccentric



RE – reverse eccentric



CP – crank pin












