PHY111 Quiz 9 Momentum and Energy "Hammer don't hurt 'em"

(20pts)

1. Piles are long steel, wood or concrete rods driven into the earth used to support buildings and bridges or to stabilize the earth.  A Delmag D19-34 diesel pile-driving hammer contains a steel piston (the hammer head) of mass 1,800kg sliding up and down in a steel cylinder.  To start the hammer, the piston is initially lifted by a cable and then dropped through a height of 2.5m to strike the bottom of the cylinder, which sits on a pad on top of a pile.  

a.  (2pts) Sketch this problem.

b.  (2pts) Ignoring friction and other losses, what is the maximum velocity of the piston just before it strikes the bottom of the cylinder?  

c.  (2pts) Ignoring friction and other losses, what is the momentum of the piston just before it strikes the bottom of the cylinder? 

d.  (1pt) Where does this momentum go after the piston strikes the bottom of the cylinder?

e.  (2pts) Calculate the gravitational potential energy of the piston at the start and end of the initial piston startup drop, ignoring friction and other losses. 

f. (2pts) Calculate the kinetic energy for the piston at the start and end of the initial piston startup drop, ignoring friction and other losses. 

g. (1pt) Where does this energy end up after the piston drop?  

h.  (3pts)  Sketch three simple pie charts describing piston-pile-earth system energy at the instant of piston release, just before impact and just after impact. 

Question 2 requires no new calculations beyond that already done in Q1 – just reinterpret please.

2.  In the last few feet of the piston drop, a diesel fuel/air mix is drawn into the cylinder below the piston head, and the mixture ignites some time after the piston strikes the bottom of the cylinder.  The fuel/air explosion liberates chemical energy from the fuel, driving the piston back up to its original height of 2.5m above the bottom of the cylinder.

a. (1pt) Ignoring friction and other losses, at least how much mechanical energy must the fuel/air explosion provide to the piston?  Comment.

b. (1pt) Ignoring friction and other losses, what impulse must be delivered to the piston by the fuel/air explosion?  Comment.

c. (3pts) What impulse is delivered to the pile by the fuel/air explosion driving the piston upwards?  Compare this with the impulse delivered by the initial piston strike, and comment.

