


Dynamic problems
You are required to solve the following dynamic systems individually or in groups, remember the emphasis here is on understanding of the underlying principles and concepts.

1.  A vehicle of mass 850 kg accelerates uniformly from rest to a velocity of 70 kmh−1 in 12 s whilst ascending a 1 in 6 gradient. The frictional resistance to motion is 0.6 kN. Making use of D’Alembert’s principle, determine:
a) the tractive effort between the wheels and the road surface
b) the work done in ascending the slope
c) the average power developed by the engine
d) the power developed by the engine as the vehicle reaches its maximum velocity.

In this first problem you will need to convert the final velocity to metres per second and use the equations for linear motion to calculate the distance travelled and the acceleration of the vehicle. You can then use the acceleration to calculate the inertial resistance. You will also need to find the resistance due to gravity. This is the component of the vehicle’s weight that acts parallel to the slope. The frictional resistance is given, so you can then draw the free body diagram and calculate the total tractive effort required. Finally, the work done and the power required from the engine can be calculated using the formulae given in the content section.

2.   A railway wagon of mass 20 tonnes travelling at a velocity of 10 kmh-1 in a shunting yard collides with a second wagon of mass 15 tonnes travelling at a velocity of 2 kmh-1 in the opposite direction. The wagons become locked together on impact and carry on with a common final velocity.  Making use of the principle of conservation of momentum, determine the final common velocity and the change in the total kinetic energy of the system.
In this second problem you should first convert the given masses to kilograms and the velocities to metres per second. You will then need to equate the initial and final momentum of the system and transpose it to make the common final velocity the subject. When you have done this you will need to calculate the initial and final kinetic energy of the system. You should find that there has been a loss, as some of the initial kinetic energy is converted into heat energy and shock waves.
3.  A jib crane raises a load of mass 550 kg from rest to a velocity of 5 ms−1  through a vertical distance of 12 m with uniform acceleration. Frictional resistance to motion is 250 N. Making use of the principle of conservation of energy, determine:
a) the work input from the driving motor
b) the tension in the lifting cable
c) the maximum power developed by the driving motor.

In this third problem, application of the principle of conservation of energy will enable you to directly calculate the work input from the driving motor. It is the sum of the gain in potential energy, the gain in kinetic energy and the work done in overcoming friction. You can then use it to calculate the tension in the lifting cable and the maximum power developed using formulae given in the content section.
As for the previous activities, you should set out your calculations in a logical fashion, stating clearly what you are about to do before each calculation. Always state the units of your answers and make full use of the ENG function on your scientific calculator when you are recording multiples and sub-multiples. 

4. A  drop hammer of mass 200 kg falls freely a distance of 2 m to strike a forging of mass 500kg and is brought to rest at a distance of 50 mm. The hammer does not rebound after impact. Determine the average resistance of the metal. You are required to solve this problem in two ways: 
a) by making use of the principle of conservation of momentum and D’Alembert’s principle
b) by making use of the principle of conservation of energy.

With the first method you will need to calculate the velocity of the hammer immediately before it strikes the forging by using an appropriate equation of motion. The next step is to calculate the retardation of the pile and hammer as they are brought to rest. D’Alembert’s principle can then be applied to find the resistance of the ground.
With the second method you will need to calculate the velocity of the hammer immediately before it strikes the pile using the principle of conservation of energy. Next, apply the principle of conservation of energy again to find the work done in bringing the hammer to rest. You can then use this to find the average resistance of the ground. You should be able to conclude that both methods give the same answer but that for the information given, there may be a little less calculation required with the second method.

As with the previous activities, you should set out your calculations in a logical fashion, stating clearly what you are about to do before each calculation. Always clearly state the units of your answers and make full use of the ENG function on your scientific calculator when you are recording multiples and sub-multiples.

[bookmark: _GoBack]T2.  A rocket travelling at a velocity of 1200 ms−1 separates by a controlled explosion into two sections: the mass of the lighter section is 200 kg whilst that of the heavier section is four times the lighter section. The two parts carry on in the same direction with the heavier rear section moving 180 ms−1 slower than the lighter front section. Determine the velocity of each section.

6. A crate of mass 100Kg is being hauled up an incline when the cable breaks, if there is a constant friction resistance of 200N between the crate and the plane, calculate the velocity of the crate after it has slipped 6m down the incline

7. A railway wagon of mass 20t is moving along a level track at 10Km/hr when it collides and couples together with a second wagon of mass 25t moving in the same direction at 5Km/hr, if the two wagons couple together after impact, what would be their common velocity

8. A crate having a mass of 500kg is lifted from rest with a uniform acceleration by a crane such that after 5s it has a velocity of 8m/s. Calculate the tension in the lifting cable.

9. A train of 250t starts from rest and accelerates up an incline of 1 in 100 attaining a speed of 45km/hr after travelling 250m. If the frictional resistance to motion is constant at 30KN, calculate the work done by the train’s engine using the principle of conservation of energy.

10. A hammer of mass 0.1t falls 65cm onto a pile of mass 400Kg and drives it 100mm into the ground.
(a) Calculate the loss of energy on impact
(b) Calculate the work done by the resistance of the ground
(c) Calculate the average resistance to penetration


11. A motor vehicle having a mass of 0.8t is at rest on an incline of 1 in 8. When the brakes are released, the vehicle travels 30m down the incline against a constant frictional resistance to motion of 100N/t where it reaches the bottom of the slope.

(a) Using the principle of the conservation of energy calculate the velocity of the vehicle at the bottom of the incline.
(b) Using an alternative method that does not involve a consideration of energy, calculate the velocity of the vehicle at the bottom of the incline


12. A vertical pile of mass 100kg is driven 0.2m into the ground by the blow of a 1 tonne hammer which free falls through a distance of 0.75m. Assuming the hammer does not bounce, calculate:
a. The velocity of the hammer just before impact.
b. The velocity of the hammer just after impact.
c. The deceleration of the hammer and pile.
d. The resistive force of the ground.


13. A car of mass 1.2 tonne accelerates up a road with a slope of 1 in 10, increasing its speed from 5 to 20m/s, while travelling 100m along the road, against a frictional resistance of 1KN. Using D’Alembert’s principle, calculate:
(i) The tractive effort between the driving wheels and the road surface.
(ii) Work done.
(iii) The average power required to accelerate this load.
(iv) Now confirm your answer using the principle of conservation of energy.



T1 A load of mass 100 kg is hoisted vertically by means of a light rope running over a pulley. It is accelerated from 5 to 10 m/s while travelling through a distance of 15 m. If the resistance to motion is 100 N, determine using D’Alembert’s principle:

(i) the pulling force in the rope
(ii) work done
( iii) average power required to accelerate the load.
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