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American Power Services

Subject:  Feedwater Heater Plugging Basics and Facts about Heaters

1. Tubesheets thermally expand and contract as the unit cycles.

2. Solid mechanical plugs in tube holes do not allow for expansion and contraction of the tubesheet and therefore the solid plugs work themselves loose over a number of thermal cycles and begin to leak.

3. Plugging to the tube will stop a leak in the tube but will not necessarily stop a tube to tubesheet joint leak if it develops after the tube has been plugged.

4. The best plugs to use have a hollow design allowing for expansion and contraction with the tube sheet.

5. Hollow, thimble plugs expand and contract within the tubesheet and will not put added stress on the tube sheet ligaments through thermal cycling. Thimble plugs will seal if there is an adequate plug to tube or tubesheet sealing method.

6. The best sealing method of the hollow plug is explosive welding because it creates a ½” wide weld, 360 degrees around the plug to tube or tubesheet hole.
7. Explosive welding is much better than fusion welding because it does not change the grain structure of the plug, tube or tube sheet metals.  There is no heat affected zone that you have with fusion welding.  The heat affected zone developed with fusion welding is susceptible to stress cracking and pin hole leak development.
8. Fusion welding of a plug to a tube or tubesheet has a very limited weld area.  The end of two pieces of metal (tube and tube sheet face) allows for a very small weld area (the crack width) to form a seal.

9. Explosive welding can be performed with the sides of the metal utilizing a very large area of weld surface.  The surface area of an explosive weld is approximately 1,000 times larger (1/2” wide weld X ID of tube or tube sheet) compared to a fusion welded plug (crack width X ID of tube or tube sheet).

10. Explosive expansion is not explosive welding.  Explosive welding causes a molecular inter granular bonding of the two metals i.e. welding.  Explosive expansion causes a compression of one metal against another creating an elastic tension holding the two metals together through hoop stresses.  When a tube is  mechanically expanded within a tube sheet, the wall thickness is reduced by compressing the tube and tube sheet beyond its yield points resulting in the tube sheet to spring back onto the tube and the tube hoop stresses to push against the tube sheet resulting in a leak free seal with built in hoop stresses. The same is true for explosive expansion of a tube.  This mechanical induced stress can be broken with a pressure in excess of the tube yield point.  This seal can also be broken by increasing the temperature of the tube beyond its hoop stress level i.e. stress relieving the tube.  Stress relieving the mechanical bond takes place as the metal stresses are relaxed within the tube or tube sheet.  When this hoop stress is relaxed the bond is broken and the tube to tube sheet joint will begin to leak.

11. Mechanical bonds are not as good as a explosively welded bond for the following reasons:

a. Hoop stresses are required to form a seal.

b. The hoop stresses cause associated stresses within the tubesheet ligament.

c. The hoop stresses will increase with an increase in temperature and will decrease as temperatures drops.  This cycling could cause a relaxed tube joint over time or damage to the ligament under certain circumstances.

d. With a number of thermal cycles the hoop stress will be decreased until a leak develops.

12. All explosively welded plugs are not the same.  Over the past 20 years many improvements have been made in the APS design to insure the highest level of reliability, safety and ease of installation.  Our record of over 100,000 installations with a very limited failure rate under extreme operational conditions is un matched by any similar product.  Our service technicians provide the highest level of service, efficiency and customer communication, which results in exceeding expectations on every job.  Our tube plugging procedure allows locating the tube failure along the length of the tubes for trouble shooting.
13. Explosively welded nickel plugs are applicable regardless of the size, pressure or material content for any heater with tube sheets over 2 ½” thick.  Our explosively welded plugs are guaranteed for the life of the feedwater heater.  Our technicians can be on site by the time the heater is isolated, opened and cooled.

14. Heaters with welded joints are designed to prevent tube to tubesheet joint leaks at higher pressures or under cycling conditions.  Under these conditions expansion of the tube within the tubesheet is not sufficient to permanently prevent joint leakage.  The same is true for the plug to tube or tubesheet joint.  If welding is required to prevent tube joint leakage, it is also required for tube plugging.  Explosively welded plugs are the most dependable and cost effective in the long run to permanently plug these heaters.        

